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THE BALANCE SHEET ANALYSIS TECHNIQUE FOR PRECONSTRUCTION
REVIEW OF AIRPORT AND HIGHWAY PROJECTS

1. INTHODUCTION

1.1 TURPOSE AND HISTORY OF THE TECHNIQUE

This report describes and applies a technique to enable
state alr pollution control agencies to reviey proposed air carriler airport
projects for their impact on photochemical oxidant levelz. The balance sheet
approach relies on the specification of the maximum allowable emlssions of
exidant precursors, hydrocarbons (HC) and oxldes of nitrogen (Nox), from the
region for the planning horizon. The alrport project is judged acceptable
i1f its emisslons plus the other emissiens in the reglon remain below this
maximum desired level. If they do not, then the balancing process hegins.
The ailrport must lessen its own projected emission levels (an internal trade-
off) or other emission sources that can reduce thelr projected emisaions must
be ddentified, so as to keep the regilonal emisgion totals under the desired
levels. This technique was first propesed by Reglon II of the EPA in the
context of the review of the New York-New Jersey highway system plan, but
the full analysis has not yet been completed. This technique will be applied
to four test cases, two airports_and two highways. Some of the experiences
of Region II is incorporated into the discussion of the highway test cases.
This technique is distinct from the 'offset policy' (40 FR 55524) published
by U.S. EPA, which applies only in nop-attalnment areas, with repard to
location of new or modified sources. The balance sheet is applicable in
all regions, and herein is applied only.in the context of ailrport and highways.

In the case of airports, the technigue is intended for project-by-
project review., This is in sharp contrast to its use in highway review,
where a singlae highway project is reviewed 1in the context of the 5 or 10 year
highway system plan. The system plan is initially reviewed for consistency
with the reglonal air quality plans, vastly simplifying the review of each
project as it comes up. As only a few reglons have more than one major air
carrier alrport, the system planning concept holds little value for review
of airport projects. The major differences in application of the technique
te systems or to projects come nfter the need for balancing 1s determined.
The ttade-offs avallable for system level review are characterized by fewer

constraints since this stage 1s, by definition, an early planning stage. In




project level revlew, the alrport operator is closer to actual censtruction
and the available airport trade-offs are more heavlly constrained. These
differences, although significant to the control strategy employed, do not
influence the application of the balance shaet approach since the comparison
against desired emission levels is the crux of the technique and is unchanged
in edther application. However, as alrpert planning becomes more regionally
and nationally coordinated, and locally integrated with highway and transit
planﬁing, the air pollution control agency should take the opportunity to
review projects in the earliest stages of planning in the context of the overall
transportation system. Relief of alrside congestion via an improved system of
reglonal alrports is a relatively new concept in airpert planning that holds
promise for air quality improvements. Better coordination with ground
transportation facilities, as well as alterations to the termlnal apd parking
layout, can ease the landside auto traffic congestion and also lead to an.

improved air quality pileture.

1.2 OVERVIEW OF THE TECHNIQUE

Preconstruction review of alrport projects requires information from
the airport operator and from the reviewing agency. In general the alrport
must supply all the data necessary for analysis of the emisslons from the
airport and the growth induced by the project. The reviewing agency must
supply the reglonal emissions inventory and the desired regilonal emission
levels. "The f£irst step is to determine whether the proposed airporr project
meets the federally-determined criteria for review: an expected growth, over
ten years, of 1.6 million annual passenpers or 50,000 annual operations.

The criteria are related to the expected growth in auto traffic, If the
alrport meets one of these criteria then the analysis proceeds. In most
cases, the regional emissions data will be available from the ongoing air
quality planning process. With the aid of the models listed in Section 2.2,
the airport's emissions can all be computed from the basic airport activity
forecasts of operations and passepgers. With this emission data, the decision
process sketched on Fig. 1.1 is begun. The technique allews for incorporation
of the detailed base year alrport emissions inventory produced for this

review into the regional Inventory through the use of the correction term.

The detalled airport inventory now in the regional inventory supplies the
regional desired emission levels for the forccast peried (10 years). When
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the desired emission levels are determined, the regional emlsslon totuls with
the airport project (B on Fig. 1.1) can be compared te the desired levels

(a) and a Judgument made as to the acceptability of the project as proposed.
If the emissions are too high, trade-offs can be made, either internal to the
airport or with other pollutant scurces in the region. On final bLalance, i
the projected regional emission totals must be at or below the desired levels.

This review technigue is meapingful only in the context of proporticnal
reduction modeling, using HC or HCINOx emission data. Simulation models use
more information than emission totals to determine the resulting air quality.
Thus such models should be used directly to test an emissioﬁ reduction strategy.
It ia not necessary te carefully balance the trade-offs, since other factors
considered by simulatilon models may dominate in producing a significant

change in alr quallty in the region.

In general, it is expected that most reviews will take place in large
metropolitan arecas with extensive transportation and ailr quality data bases,
As a result, the level of complexity of the computations should pose no ,
problem. All computations can be done by hand, or with the aid of computerized
models, at the discretion of the airport and the reviewing agency. The technigus
is highly adaptable to the many different local situations regarding the kinds

of emissions data avallable.

1.3 DESCRIPTION OF REPORT

In the next section, the balance sheet technique is described in detail.
In the first subsection, the many alternatives for each aspect of the pre-—
conatruction review technique are described and recommendations made for each.
In particular the issue of the appropriate size for the study or analysis
reglon for the review is prosented in decall. The general procedures for
forecasting emissions from the airport and induced growth sources are outlined
in Section 2.2, along with a summary of the available emissions for each
source. In Section 2.3, the concept of the desired emlssion level is explained,
and the method of determining this level in conjunctlon with existing alr
quality planning procedures is demonstrated. Additionally, the three methods
for determining required chanpes in precursor emissions levels to attain and
maintain the oxldant air quality standard are revlewed in the context of the

balance sheat analysis cechnique, The last subsectlon highlights the elements
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of the critical comparilsons to determine the need for emissilons trade-offs. :
A detalled overview of the complete analysis technique is provided followed

by a suggcested procedure for updatlng.

Seetien 3. presents the results of two test cases, one new alrport
and one modified airport. Using data from actual situarlons, the balance
sheet technique is applied. Conclusions regavding its usefulness in reviewing
airport projects are presented in Section 3.3, In the next chapter, Seetion
4., the difficulty of application of the technique to highway projects is ez~
plained in the context of two urban highway test cases. General conclusions
are presented in the last section. The two appendices present the detailed
tables supporting the results in the airport test ecases in Section 3,
Appendix A, in particular, contains all the data and deseribes the procedures i

to do a hand caleulatlon of emissions from a2 large new airport.

There is a second volume to this report containing the results of several
surveys and analyses relating to the dmpact of the balance sheet analysis
technique on state reviewing agenciles and on airports., A survey of airports
potentially subject to review under the criteria utilized in Velume I is presented,
along with a survey of state experience with indirect source review regulations.
An analysis of the resources (persen power, etc.) that would ba required of
state agencies 1f this regulation were in force is presented. Finally, a .
brief summary of the issues we have outlined as a result of this scudy regarding |

indirect source review followa in Section 5 of the second volunme.

1.4 DEFINITION OF TERMS

Analysis Reglion - The area, containing the project under review, defined
for the purpose of this review; an emissions inventory
and forecast must be avallable for the entire analysis
region and =ll pollutant sources within the reglion may
be considered for emission trade-offs. The Alr Qualicy
Maintenance Arca (AQMA), Alr Quality Control Region
(AQCR) or Metropolitan Planning Organlzation (MPO)
urbanized area are recommended as suitable analysis
reglens.

Balance Sheet Analysis Technigue ~ A technique intended to be useful din
the preconstruction reviaw of airport and highway
projects for their impact on reglonal oxidant air
quality. It must be used in conjunctlon with pro~
portional reduccion modeling at the regional level.
ihe technique 1s the subject of this repert. The




technique allows for emission trade-offs in the event
that a proposed project causes the reglonal emissions
total to excecd the desired emlssions level for the
reglon, The trade~offs may be internal or extornal.
In a non-attainment area, trade-offs must be made

as prescribed by EPA's recent 'offset policy'.

Complizsnce Emission Level - That level of total regional enissions, above
which it is assumed that the region will violate the
oxidant National Ambient Adr Qualdity Standaxzd (NAAQS),
and below which Lt is assumed that it will be in com=-
pliance with the NAAQS. The complliance emissions lavel
is deternined in the context of proportienal reduction
modals, like Appendix J, at the regional level,

Desired Emission Levels - Those levels of regicnal emissions projected
by the state air pollution control agency im the SIP
for attainment and maintenance of the NAAQS over the
planning period. The desired level may be above the
compliance levael in a non-attainment reglon during
the period of time prior to projected compliance.

It may be below the compliance level in reglons never
expected to or scon cxpected to violate the NAAQS.

External Trade~-0ffs - In the event that the proposed project woull cause

an increase in the regional emission levels so as to
exceed the desired emissien level, a reduction to
balance that increase may be provided at a source
other than the source under review, wyet within the
analysis region. Such external trade-offs will
generally require revisions to the SIP.

Internal Trade-offs - In the event that the proposed project would

cause an increase in the regional emission levels so
as to oxceed the desired emission level, a reduction
to balance that increase may be found at the source
under review. By revising the proposed project or
changing other aspects of the faeility's aperation

so as to reduce emissions, the internal trade-off

may meet the requirements of this review. These
internal trade-offs would be effected by a conditional
constructlon permit.

0ffset Policy - A recently published {Federal Register, 40(246)
55524; 55558) U.S. EPA policy regarding the location
of new or modifled sources In non-attainment areas.
This poliey affects a balance sheet review of a
project in a non-attainment area in this way: the size
of trade-off, if one 1s required, must be greater
than, not just ecqual to, the excess emissions (heyond
the desired reglonal emissions level) projected as
a result of the project. If future research called
for under this policy identificd regions specifically




Permlt Proccss -

Reviewing Agency - Most likely, the state or local air pellution control

Trade-offs -

defined as the regions in which IC offsets can be made,
these new regions would most likely serve as the analysis ;
reglon for reviews of projects in non-attainment areas. ‘

In this instance, the permit proccss means the
application by an alrport or highway operator to

a reviewing agency to construect a particular project.
The project is revieved using the balance sheet Iif
appropriate. A permit, possibly a conditional

permit, Is issued by the reviewing agency, if the
project will not cause reglonal emisslons to exceed
the desired levels set in the reglonal air quality
plan. Internal or external trade-offs may be required
before the permit can be lssued.

agency will perform reviews, as part’ of the new and
indirect source review procedures required in the
SIP.

In the balance sheet technique, the reduction in
emlssions in the analyais reglon that balances the
excess in regional emissions projected as a result
of the proposed project. Depending on the U.S. EPA
policy in effeoct in the region where the review is
taking place, the trade-off nmount may be less than, i
equal to, or greater than the excess amount projected
as a result of the project.



8.

2. DESCRIPTION OF THE BALANGE SHEET
ANALYSIS TECHNIQUE

2.1 DEVELOPMENT OF TECHNIQUE-REVIEW CRITERIA

2.1.1 Alterpabive Gricerdia

There are several criteria for the review of airport projects with

alternative standards for each criterion. These criteria include the size
of the analysis region, the scope of the reviews, the size of airport projecis
requiring review and the time period for the analysis, The specificatlon of
the criteris determines which projects will be reviewed, which will require
trade-offs and what trade-offs will bhe available. Each ecriterlon can take
several possible forms, The alternative specifications for each criterion
are presented here, documenting how the bazlance sheet technique was develaped.

The techniques for the review of an airport project for its impact
on photochemical oxidant levels are limited by the nature of oxidant chemistry.
The cholece of the size of the analyals reglon, in particular, is influenced by
the oxidant formation process. Unlike carbon monoxide (CO) whose effects
are highly locallzed, oxidant precursor emissions may come from almost any-
where in a large region, according to current thecry. The highest oxidant i
levels may be found in the afterncon, while the emissions thar fed the oxidant
formation may have been emitted in the morning, or the oxidant may have
travelled several miles from the area of its initial formation. As a result,
the ares for analysis of oxidant alr quality must be falrly large, For
transportation systems, which emit a significant fraction of the precursor
pollutants in a reglon, this means that an area much larger than the Immediate
zone near the facility must be conailderesd, For an alrport, this means that
the effect of its emission must be determined din conjunction with the emissions
from sources throughout the region. This further implies that, in the
context of control strategies, emission trade-offs are possible. The trading
of emissions 48 poasible only because oxidantes are an area wide pollutant;
this could not occur with a local pollutant like CO, where the source of any
viplation 1s in the immediate vicinity. If an airport project would causa
a reglon to exceed the desired emisaion level, then the possibility for trade-
offs within the airport and in the analysis region must be explored. Since
there are several reglons that meet the general criterion of large size, the
cholce of precisely which region to use for analysis ls further discussed in
Section 2.1.2,



The scope of the preconstructlon review can include elther one
project alone or the transportation or airport system nif which it is a part:
In the review of highways, the system plan review coneept is quite useful.

In a gilven region there is a highway network for which fmprovements are
planned at speclfied intervals., The entire plan ¢an be revlewed for air
quality impacts and each construction project rveviewed for.consistency with
the overall plan at the time it is scheduled. As long as the system-wide
enissions stay below the desired level, the emisslons due to each project

are not of prime concern. With the current situation fer airport planning,
this concept cannot be used, As there is generally only one large alr carrler
alrport per alr quality region and the master planniné is done for only

one facdlity, project level review is all that is feasible. Although there
are differences in the application of the balance shect technique between

the system and the project level reviews, these differences are not crucial

to the use of the essential aspect of the technique: the comparison against
desired emission levels. The major differences lie in the nature of the
trade-offs available 1if balancing 1s deemed necessary as a result of that
critical comparison. The trade-offs available in the asystem level review
have fewer limitations than In the project review because the system leval
revievw comes at a very early stage in planning. Construction is anticipatedl
much soonar by the airport operator when a specifie project is submitted

for review, so fewer project-level options for emission reduction are available.
There will be some minor differences In the in%tial data for the review,

but the forecast emissions are required in either type of review. The
updating also changes somewhat for system review as compared to project
review. TIn system review, the updating consists of the review of each
specific construction project. Any changes In the system plan are monitored
in this way. Uhen a new system plan 1s proposad, a new idndirect source review
using the balance sheet would be pndertaken by the alr pollution control agency.
For project-by-project review, however, updating consists of periodic monitoring
of the actual traffic levels, for comparlson against the forecasta. Given

the state of airport planning, it 1s necessary to carry out project level
raviews, Should there be more national and regilonal airpory planning or
incorporation of alrports Into local transpercation plans, the preconstruccion

reviews could take place during this step of system plan development.
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The selectlon criteria for the preconstruction review of alrport:
projects were determined by the U.S. EPAl on the basls of the amount of auto- '
moblle traffic penerated by the Increase iIn alr traffie. The selection
eriteria are an increase of 1.6 million annwal passengers or 50,000 annual
operations within the ten years after the project 1s opened. .'l'hese criteria
select only the busiest airports in the country; of the 31 expecting construc-
tion and growlh of that scalez, the least busy one ranks &46th out of 514
on the list of annual air carrier passenger enplanements for fiscal year
19743. Thus these criteria are effective in identifyieg large scale
improvements at major airports that might cause a problem in the attainment

or maintenance of the oxidant air quality standards.

One other consideration Iis pertinent to the development of the
reviewing technique. Sinece a good reglonal emisslons dnventory and forecast
is necessary to complete the review, it is useful to coordinate with AQHA
and AQCR planning as described in Section 2.3. These inventories are all on
an annual basils, however, Since oxidant is a scasonal problem In most areas,
the most useful iInventory for this type of analysils is a summer inventory.
Analysis can proceed on an annunl basis but would be more accurate is only
summer data were used. Peak day analysis 1s necessary for a complete review;
as inventories do not usually have these data, the alrport peaking information
can only be used to check the variation in traffic and thie effectiveness of
controls for all dally traffic levels. This type of review 1s useful for
evaluation of episode control strategles that might be required in the region.

The reviev technique must, therefore, cover a large arca, acecount
for all emisgion sources In that areca, coordinate with existing plans and be
done at the project level, In the context of proportional reduction modeling
for the region, annual emisslons must be computed for the reglon, and peak
daily plus annual emlssions for the airport. Seasonal emissions could be

used where available.

2.1,2 Size of the Analysis Region

2.1.2.1 Introductiom

The review of an indirect source of oxidant precursor emissions

requires that a reglon slzc be chosen for the purpose of designating relevant




B e e e

U A

il.

emiesion sources for undertaking alr quality analysis and for considering
potential trade-offs ameng sources. The choice of a specific reglon size is
complicated by the nature of the oxidant formation process, by the transport
of oxidant precursars during the process, and by meteoroclogical and

topographical conditions at each project site.

The formation of photochemical oxldants results from chemical
reactions in the presence of sunlight, betwsen non-methane hydrocarbons (NMHC)
and nitrogen oxides. ‘The sources of the organic compounds include automobile
and truck exhausts, aireraft, vaporlzation of stored hydrocarbons, solvent
evaporation, open burning, and industrial operations. Nitrogen oxides,
particularly NO, are emitted by fuel cowbustion sources such as clectrie

power generatlon units, space heaters, and autemobile, dlesel and jet englnes.

The difficultjf in speclfying a reglon size for the purpose of evaluat-
ing the oxidant impact of an emission source results from the followlng aspects
of oxidant formation. )

+ Oxidant precursors do not all react at the same rate;

+ The ratio of hydrocarbona to nitvogen oxides as well
as absolute concentration 1s important in the ozone
formation process;

+ Meteorologlcal conditions affect the rate of oxidant
formation and determine the area of maximum oxidant
concentration;

+ Transport of oxldants and thelr precursor compounds
has been verified to 50 miles downwind of urbap arens
and In many cases oxldant levels have bezen found to
exceed amblent air quality standards more often in
rural than in nearby urban areas; and

+ In certain areas (Los Angeles) the oxidant problam
can be attribubed almost entirely to local emissions
while in other areas the oxidant problem in one area
may be the result of emission from a distant arca,

Thus, while a specific reglon slza may be reasonable for one project

site, It mey have little velaclonship to the oxidant problewm at another site.
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2.1.2.2 Region Size Specification

The cholee of a specific reglon size for the analysis of the oxidant
impact of a proposed project involves trade-offs among several fnetors,
including data requirements, detall and reliability of forecasts, the relative
sign‘i‘ficance of nirport emissieons In the vegion, model costs, and the number
of trade-off options that may be considered when a desired emisslon lcvel is

exceeded, The options for repgilon size ond the implicatiens of each option

~ are detailed below.

The Alrport and the Area Within Three Miles of the Alirpore Center,

The advantages of this reglon slze are the small data requircments;

the fact that this size regilon will include the majority of the growth induced

by the airport project;z‘ and the ease of determining whar emission sources are

avallable for trade-offs. The disadvantages are that this size reglon may have

little relationship to the oxidant formation and transport process, and thus i

many relevant emission Sources could be ignored. This size region also limits ;

the number of trade-offs that may be made in the reglon to a small number of

Bources.

Enviropmental Protection Agency Specified Repifon — AQMA or AQCR.

The primary advantages of these reglons, the Alr Quality Maintenance
Areca (AQMA) and the Ailr Quality Control Region (AQCR), are the prebable
availability of air quality and emlssion data and the 1ikelihood tha.t 8
State Implementation Plan (SIP) or maintenance plan exists for the reglon.
Such a plan would probably contain exten:ive reglonal emission date and may
possibly give the allowable levels for the alrport. The avallabllity of this
data would allow air quality anmlysis to be undertaken using available data.
This size region alsoc allows one to consider a large number of trade-off
options if the project exceeds its desired emission lavel. This larger slze
is also a disadvantage in that the emissions from the alrport project can become
such a small percentage of the area's total emissions that it is difFicult
te deal with in trade~off considerations. This type of region miy also have
lictle relationship with the area which is affected by the airport project.
Possibly irrelevant emission sources could be considered in trade-offs with
the airport and sources which do contrlbute to the same oxidant problem as

the airport could be excluded,
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Other Predefined Regions (County, SMSA, State, or Metropolitan Planning
Orpanization Designated Urbanized Area).

Tha advantages of each of these reglons are the probable availablility
of transpertatien, land use and possibly alr quallty data based on thease
reglons, and the fact that these regions have political sanctlon and are
recognized by other planning agencies., The alr quality data avallable for
such a reglon will most likely not be as extenslve as that available for an
EPA defined reglon., However, transportation, industrial and other data
which are organized for this region, cspecially in the case of the Standard
Metropolitan Statistlcal Area (5MSA), can be utilized to obtain emissilon
data for the reglon. The disadvantages are the same as those discussed for
the EPA designatoed reglons. The regilon may have little relationship to the
arca of impact of the alrport project emissions and the area may be so large

as to make the alrport a very small percentage of the region's total emissiens.

Reglon Betermined From Point of Maximum Impact

An alternative rmethod of determining the region size 1s to use
a trajectory model to find the areca on which the airport cmisslons
will have the maximum impact and to find which other emission sources
also contribute to thls impact. This type of region would be advantageous
in that it would consider the area most affected by the airport's emifssion.
The disadvantages are that data requirements are large and the available
data could require much manipulation; a model must be run to find the size

of the region and then another technique would have to be employed to determine

the desired emission level. ‘The early stage of the development of these models

might prove a disadvantage in using it for reviews in the next year or so. T

2.1,2,3 Recommendations

All the options presented here for the analysis veglon are valid;
considerations of convenlence lead to a recommendation for one type howevar,
The EPA specilfied repglons, AQCR and AQMA, have distinct advaatages with
respect to data avallabilicy, the exlsting oxldant models and administratlve
ease, The large size of these reglons 1s logical in view of vhat 1Is currently
known about the chemlstry of oxidant formation. The recommendation of the
EPA vegions is tied to the project-hy-preject raview expected for airporl:s‘.

For highway projects, where system plan review becomes o part of the process,
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the region specified for highway planning by the Metropolitan Plapning
Organization (MPD) 1s a likely chofce. It also Is a lavge reglon, the basis
for highway related data, and a geographic subsct of the two EPA~specifiled
regions. In faet, the application of the balance sheet technique ditself

is not limited by the reglon size. Rather, it is the regional air quality
model that is eritical in determining whether the balance sheet technique
is applicable, The need for this kind of balancing is precluded by the use
of gimulation models, since they account for more factors than just the

amount of emisaions such as meteorclogy, disperslon and chemistry.
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2.2 EMISSION PROJECTION PROCEDURES

The calculation of thé NOx and HC emissions produced by the alrport
over the 10 yvear planning horizon is a cruclal step in the Balance Shect
analysis. ‘The calculatiouns must be done for two sltuatlons: with and without é
the propeosed project. Addltlonally the computations must be done for the
first, fifth, and tenth years of the project, on an annual and peak dailly
baslis. The emissions are computed for each source in the analysls reglon,
both on and off airpert. The emissions of HC and NOx computed for the
appropriate time periods, by source, with and without project, constitute
the basie information for the Balance Sheet reviewing technique. These
figures are contrasted with the desired emlssion levels discussed in Section 2.3,
to provide a basis for a decision on the acceptability of the project from an
oxidant air quality perspective using the balance sheet technlque. A summary
of the methods avallable to complete these computations of projected emissions

is presented.

2.2.1 Basic Activity Data

Unless actual emisslon test data are used, emissions are calculated
simply as the product of the numerical measure of the actlvity (e.g., operations/
day) and the emission factor or rate (e.g., grams of HC/operation). Both
these values change over time, due Lo increased actlivity, use of different
equipment and the more stringent emlssion limits mandated for new equipment

in the next ten years.

The most essentlal data ltems for the emlssion forecasts are the
measures of airport activity ~~ annual alr carrler aircraft operatlons and
total annual passengers (enplancments plus deplanements). In addition, the
automobile vehicle miles of travel (VHT) due to the alrport must be supplied.
All the above data must be provided for all combinations of the follewing

condicions:
+ Filrst, fifth, and tenth years of the praject; and
+ With and without the projact being built.

The forecasts of activity must be supplied by the airport on the permit
application, These basic data, plus a few detailled breakdowns noted later,
supply 2ll that 1s needed to specify alrport activity levels for the simplest

models. In conjunction with emlssion factors and a partleular computational
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model, the alrport emissions can be computed.

Of f~alrport emlssinns (bayond the alrport fence, up to the border
of the analysis reglon) require further data. Local and state planning
agencles and air pollution control agencles-are the best sources for this
information., In some cases, an emlssion inyentory for NOx and H{ sources
will be available for the forecast period direcely from these agencies in
the form of the Alr Quality Maintenance Area Plan, expected to he available
by 1978 for most areas. In other cases, the State Implementation Plan (SIP)
will contain the necassary inventories. In any event, to apply the balance
sheet technique it is necessary to have a reglonal emlssions inventory for
HC and in some cases Noz.

In supmary there are three categories of activities, and their
associated emissions, of interest. Each will be discussed in turn, along

with a discussion of computation technlques. They are:

1) on the alrport;
2) off-airport: project-induced development; and

3} off-airport: other development.

2.2.2 On-Alrport Sources of Air Pollution

2.2.2.1 Airport Sources of HC and NOx Emissions

An airport has many activitles taking place within ilts borders in
addition to the movement of traffic. These activities are all directly related
to the movement of passengers and alr freight, and are sources of HC and Nog ‘

emisslons, The airport sources are as follows:

1) Adrcraft englnes;

2) Ground service vehicles and equipmant;

3) Access traffic (aute, taxi, bus, truck);

4) Engine tests;

5) Heating and air conditloning;

6) Fuel handling oand storapge; and

7) Miscellaneous —- painting, degreasing, lncinerating.

Each of these sources 1s consildered separately because of its unique emission

rate and because it Is a candidate for cmission trade-offs later on. Ground
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service vehicle fuel use can be relaced to the number of aireraft operatlons;
the emissions are caleulated from the fuel use using EPA emission factors

for similar vehieles. Heating and air conditicning fuel use can be directly
specified by the alrport operator, as can the extent of engine testing, the
amount of fuel storage and miscellaneaous maintenance functilons such as paint
bake ovens and degreasing operatlons. Access traffie can be related to
passenger movements, and the emissions determined By the appropriate emissian
factors., 1In general, the data describing the activity levels for cach of these
Bources arc supplied by the airport cemmission or operator. The data sources

are discussed in more detaill below.

2.2.2,2 Description of Models for Emissions Computation and the Datz Renuired

At this step in the analysis, what is needed is the emissions produced
Erom each airport source for eaclh forecast year - ane, five and ten yoars
after the project 1s completed, and possibly for the base year of the air
qualicy plan. There are several ways to compute these emissions. The choice
among them depends on the detall of the avallable airport activity data and
on the Intended use of the results. That is, mere detadl is required to
Justify the emisalon reductions expected from a control strategy like alreraft
towing than to establish baseline emissions. Computational medels of concern
have the capability of computing the emissions from one or more airport
gources, gilven the activity level of the source., In addition, some of the
models can derive the level of one activity, say for the ground service
vehicles, and the emissions from them, gliven another parameter such as aircrait
types and numbers of operations hased on factors fram other airports. This
lessens the nead for data collection at the alrpert uader review.

Sone of these computational models can calculate pollutant concentra-
tien contours based on dispersion models. This capability of a model is
irrelevant to this particular analysis; only the emissions are of consequence
in the balance sheet. In effect, all thess models are doing is setting up
the emlssion computatlons so that the whole process may be easily replicated
for the different yeers, with and without the project, and for the testing
of emission reduction strategies at the alrport should Lt prove necessary.

The computations can always be dong by hand; the computerized models offer
speclfication of more detaills in the airport’'s uperation or the abllity to

analyze more emission reductlon strategles.
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The models presanted in Table 2.. ~enerally include averape data
based on particular airparts. Any model saelecte:d ran be examined for its
applicabilicy to the alrport under review. For example, the emission Factors
for the LTO cyeles may need alteratlon 1f the airport has its own data on the
actual time spent In esach mode of operation (taxi, idle, climb-out, ete.),
or the alrport may have estimates of the relationshlp between auto traffic
volumes and alr passenger volumes that are specific to its operation. Such
airport specific data can be incorporated whenever available; however, the
average factors are avallable. The emisslon factors incorporated into a mbdel
are also subject to scrutiny. The latest emission factors applicable to the
equipment in use at the airport are necessary. Schedules for replacement of
engines with newer, cleaner ones can also be accounted for in the emissions

computation. The nature of the computations for each source is discussed

below.

Alrcraft Engines

The computation of alreraft engine emissions is very important since
nearly 70% of the airport's HC emissions and 75-80% of the uox emission55’6
are due to alreraft., The simplest method is to multiply the number of landing
and take-off cyeles (LTOs) by the cycle cmission rate. The U.S. EPA has
published average LTO emission factors for each type of alreraft in its
publication AP-42 (see table for reference), based on typleal cycle parameters
{taxi time, take~off time, etc.) and measured engine emission rates. The
airport could determine an LTO cycle emission factor specific to its operations
by measuring (or estimating for forecasts) actual cycle parameters, since

the EPA-determined L1C cycle has some limitations. It is bhased on data from
studles done in 1968 and 1971 and applies primarily to larpge metropolitan
airports. The taxi-idle time, in particular, may be too long compared to

the actual conditions at many alrports.

The new engine emission standards set forth by the FAA7 must also
be taken into account. Each year after 1980 a greater percentage of the
flzet will have enpines meeting these standards. The emisslons computatlons
should reflect the different emission rates and the changing porticn of the

fleet meeting the new requirements.




TABLLE 2 o) Imissions Torecasting for Afrport Sources of 1C and NG,
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| AVAP (4,5)
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TABIT 2.1 mnisslons Forecasting for Alrport Sources of HC and NO, (Cont.)
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. TARLR 2,1 Pmissions Forecastlng for Alrport Sources of I and NO, {Cont.)

Alrport Source

Data Required®

Sources of DataP

liand Computation

Madel
{onputerized

4} Inglne testing and
maintenance

5} lleating and atir
conditioning
plonts

U} Tuel hamlling and
storage

BASIC

« Numbor and types of engines tosted
+ Time at each power setting
« Bnisslon pates for englies

BASTC

+ Sizo of hufldings

v Pl used

+ Fue) royulremonts

« lipission factors Crom fuels
+ State roguletions for fuel

ADBITIONAL

« Averape temperature to detemmine henting
needs

AIDITIONAL

+ § Sulphur and § Ash, wiere applicable
+ Imission contrel devices dn use

MASIC

+ Typo of tank

« Fugl stored

« fuel requircments

+ Imissfon factors for storage tanks

ADNITIONAL

» Number of tanks

+ Capacity of tanks
» Annunl throughput
« Vapor pressure

Alrport
Abmort
1)

Alpore

Afrport
Alrport

1A

Nntional Weather Service

Arport
Afrport

Afiport
Mrport
Alrport

n

AMrport
Airpurt
Alrport

Amorican Petrolewn Instituce
(12,13

APIM (2)

AMIM (2)

APIM (2)

AVAP (4,5)
AN (7,8)

AVAP {4,5)
GLOMET (6)

J\.QAM (7,8)

VAP (4,5)
AQAM (7,8)
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TARLE 2,1 DEnisslons Foreensting for Afrport Sources of |IC and NO, (Cont.)

Airport Source Datn Required? Sotrces of Datal Model
: ' It Comynrtntion Conputer]zed
|~ 7) Miscel Tancous ‘

Lonlrist ion Sources + tuisslon loctors (1) 1A Guidellines (10)
Miintenance ) « Location on airport Airport AVAR {4,5)
faeilitdes
Refuse Incinora- + flefuse burned | Mrport AQAM (7,8)
tors + Mothod of conbustion Adrport

« Dgsign of incinerator Alrport

i is asswied that anmml operations ad passenpor movements for the Livst, Tifth d teath years are uvailuble,

I‘an "Alrport” Is listed as source, the dnty are avalimble from cagincering or planning studies dono for the projuct.
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Rockville, Md., July 31, 1973,
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Force Operations, Arpomne National Laboratory, Air Force Weapons Laboratory,
Report No. AFWL-TR-74-304, Kirkland Alr Force Base, N.M.,, February, 1975,

L.E. Wangen, et al., Argonne National Leboratory, A Generalized Air Quality
Assessment Model for Air Force QOperatfons - An Operator's Guide, October,
1973,

Supplement 5 to Compilation of Alr Pollutant Emission Facters, U.8. EPA,
Report No. AP-42, Research Triangle Park, N.C., April, 1975.

Guidelines for Air Quality Maintenance Planning and Analysis Volume 9:
Evaluating Indirect Sources, U,S., EPA, Keport No. EPA-450/4-75-001, Research-
Triangle Park, N.C., Janeary, 1975,

Local {metropolitan area or state) data from Transportation Study or air
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“"API Bulletin on Evaporation Loss from Fleoating-Reof Tanks," American
Petroleum Institute, API Bull. 23517, February, 1962.

"API Bulletin on Evaporation Loss from Fixed-Roof Tanks," American
Petroleum Institute, API Bull. 2518, June, 1962.
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All of the factors mentioned above can be accommodated by the hand
computation methods referenced in the table, The models listed as computer
models add a degree of pracision te the emission computations: the exack
specificacion of the operation of the alrcraft throughout a take-off or lanﬁ-
ing. The effect of active runways crossing each other or a taxiway that
crosses an active runway can be accounted as the alrecraft operations are
simulated. To gain thils precision in emissiens computations, more precise
alrcraft activity must be supplied, including assignment of taxiway path and
terminal parking, airport layocut and diurnal traffic patterns.

Ground Service Vehicles

The emissions due to ground service vehicles can be computed several
ways. For wehicles whose use is tied to alreraft arrivals and departures
the computation of emissions can be based on average service time per ailrcraft
operation. Alrport-specific data can be ceollected, or average values can be
used {(references 2 and 4 on Table 2,1}, Multiplying the average service
times by the number of operations (stratified by aircraft type) ylelds vehicle-
hours per day. A fuel consumption rate in gallons/vehicle-hour, determined
from the assumed or observed values of miles/hour divided by miles/gallon,
converts this to gallons of fuel/day. This is multiplled by an emission
factor expressed in grams of pollutant per gallon of fuel to yleld dally
emlssions Iin prams, When average data for vehicle service times are used,
the alrport need supply only the operations by alrcraft type. The emission
factors (gm/gal) used in the computations should reflect the latest EPA
enlssion factors and match the types of vehicles in use In the airport.
The models in the table include emission factors in grams/gallon based on
data availlable when the models were published several years ago.

Emissilons due to ground service vehiele actlvity that is not related
to aircraft operations but occurs on & daily basis can be computed in the
sape fashion as automobile emissions. That is, given the distance travelled
per day, and the emission factor in grams per kilometer or mile {adjusted by
average gpeed), the daily emissions due to such actlivity are the product
of the distance per vehicle and the emission fazctor, multiplied by the

numbaer of vehicles,

In both cases, schedules for replacement of older vehicles with new

ones are of interest, 1f the new vehicles have different cmission characterlistics.

Fe L
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The emission computations need to be sufficlently detailed to distinguish
vehicles by fuel type (gasoline or diegsel fuel) and by emission chara::zcristics
1f new engines are expected to be different from those now in use with respect

to emiasions.
Access Traffic

Automobile access traffic within the alrpert bounds 18 also a large
source of the emlssions at the alrport, accounting for 12% of the HC at one
airports. Since automobile pollutant emission factors are in terms of emissions/
mile or kilometer at a certaln spaed for each type of vehicle by age, the necessary
access traffic data are vehlcle miles of travel {VMT), by speed for each
vehicle type {(aute, bus, truck) and the vehilele age distribution. Average
regional characteristics can be applied for the vehicle type distribution
and the age distribution. The speeds and VMT have to be measured or estimated,

‘however, for the airport, There are many ways to do this, as Indicated on

the table., The first source for auto traffic forecasts is the local transporta-
tion planning agency. They may have already forecast datly vehicle trips

to the airport, without the project, in which case the agency could assist

in the preparation of with-project forecasts. Otherwisa, the number of vehicle
trips can be determined using the alr passenger traffic as a basls. Both the
APIM document and Velume 9 of the EPA Cuidelines (see table for references)
provide estimating techniques based on passenger movements. ‘The number of
vehicle~trips is converted to vehicle miles of travel inside the alrport

by assuming an average trip length inside the alrport. The product of vehicle-
trips and trip length 1s VMT, Vehicle speeds are also necessary for
determination of emissions since emission rates vary with speed. 1f there are
both high and low speed zones in the alrport, the WMT must be broken dowm
according to the varlous speeds. EPA emission factors from the latest wversion
of AP-42 (reference § on the-table) can then be applied. As for the previous
two emlssion sources, expected or legally mandated schedules for lower emlssions

from new vehicles are to be fncluded in the access traffic emission estimates.

Evaporative and crankcase HC emissions need also be treated for a
complete accounting of vehlecular emissions. The computation technique is very

simple and it relles on the emlsslon factors in Supplement 5 of AP-42,
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Engine Tests

Englne test emlssions are computed from the estimated amount of alr-
craft engine testing (number of engines and time in cach mode of operation)
and the modal engine emission factors found in AP-42 (see table). The amount
of enpgine testing varies frem airport to alrport depending on the extent of
airline maintenance facilities, so this activity needs to be estimated for
each alrport project. The experience of several alrports regarding the amount

of testing can be found In several of the references mentioned in the table.

Heating and Air Conditioning

Heating and alr conditioning plants are consldered stationary
sources of emissions. Tha determination of emissiong depends on the amount
and type of fuel ussd. Emisslon factors are available from AP-42 (See table
for veference)by fuel type, expressed in mass of pollutant/amount of fuel
used. Whin computed annually, only the total annual fuel use is relavant.
Peak day emission computations require information on the typical day's

fuel usage durlng the season in which the peak day occurs.

1f expected fuel usapge 1s not known, it can be estimated from the

bullding floor area using techniques outlined in APIM (see table).

Fuel Handling and Storage

Fuel handling and storage can account for about 10% of HC emissions
ac an airporcj’ﬁ. The emissions are due to evaporation of fuel held dn tanks
and of fuel moving through the distribution system on the way from storage to
vehicles. The imporrant varinbles in computing the emisslons are the type
of fuel storage tanks, type of fuel (jet fuel, other aviation fuel) and
amount of fuel used, which ecan all be determined by the alrport operator.
The baslc computational procedure is to multiply the amount of fuel used per
day or year by an emilssion factor expressed in grams par 1000 gallens or liters
of fuel.  The emission factors for this computation can be found in AP-42

and APIM (see table for references),

Miscellaneous Sources

Various point sourcas of pollutant emissions £all into this category.
The kind of sources varies from airport to alrport, but typically includes

refuse incineration, painting, degreasing operations and other maintenance

P pey o4
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functions. These sources are all treated in the EPA's cmission handbook,
report number AP-42, and should be handled Individually for emission compu-
tatiens. These sources are not generally that significant, but are
ineluded in the analysis because of the variance from airport te alrport.

For ¢xample, airporks with extenslve alreraft malntenance facilities would

" have more sources under this grouping and possibly more emissions than the

typical airport.

2.2.3 Off--Airport Sources of Air Pollution

The emisslon sources covered in this section are those beyond the
airport fence hut within the study reglon. They can be further distinguished
as: 1) new emlssions sources due to growth induced by the airport project;
2) other regional emission sources. Emissions from the latter are used
unchanged from the projections in the regicnal air quality plan in the first
steps of the analysls, over the forecast perdioed. If balancing of emissions
is required then these asources are candidates for trade-offs that changa
the forecast emission values. The sources for the regional emissions
inventory are discussed in more detail in connection with the determination
of the desired emissions level in Section 2.3.2. If the study reglon does
not coincide with the alr quality region, it may be necessary to employ
the subcounty allocation techniques outiined in Volume 13 of the Guidelines
for AirlQualigy yaintenance Area Planning and Analysiss.

The fivst group of sources is assumed to change in the with and
without project scenarios. These are the new emission sources that locate
near the airport because of the airport projest, The location of these new
land uses near the alrport is usually considered an economic benefit of
the alrport's expansion. This induced growth is, however, an additiopnal
source of oxldant precursor emissions which are attributable to the airpert
preject. The first step in the determination of the ecmissions due to cthe
induced prowth is the ldentification of the inducad growth. It 1s essential
to ddentify only the net inecreases in the analysis reglon since some part
of the development near an airport constitutes the relocation of existing
gources to be eloser to the airport. There is not one standavd projection

technique, although economists and land use planners can provide reasonable



estimates of growth dus to a project using estimatlon techniques tallored

to the local area. Tor air quality purposcs, the growth needs to be apecified
in terms of the process activity (mapufacturing), square footage of buildings
to yleld heating needs (commercial) and amocunt of vehicle miles of rravel
generated (all growth}., These arce the factors that yield emission estimates
because the emigsion factors are always expressed as pollutants per unit of
activity. Manufacturing processes can be specifically identified in emdssions :
handbooks; emissions are computed based on the size of the faeility. The space
heating and cooling needs of commercial establishments ave the primary
determinanty of their emissions. Some sources are characterized mainly by

the travel generated, such as warehouses and truck terminals, although all

the induced growth will add new vchicle- or person-trips. This discussion

of land use forecasting technliques is necessarily brief, relying heavily on
the use of existing techniques. Identification of this growth is importani:

in the analysis, but & critical review of available techniques is a study in
ltself.

The local land use plenning agency can be of help in identifying

the amount and timing of the growth. It 18 expected that the influence of the
airport project will not be felk beyond a distance three to four miles from

the ailrport centera, so the dnduced growth region can be liﬁited to this
size. Once the sources are identified in this reglion, the EPA emission

factors handbook (see Table 3.1) can be used for the éppllcable emisslon

facror for each manufacturing and commercial source.

For vehlcle-miles of travel, the local transportation planning agenéy

may be helpful, In addition to determining the VMT in the reglon due to

ailr travellers, it 1s also necessary to compute the VMT due to all of the

induced growth. Traditional techniques that determine a trip generation

rate and an average trip length from each source (whose product is VMT)

are applicable here. The usual econemie projection of number of employees ‘
can be useful in this computarion. The truck traffic is alse included as
induced growth and should be separatod from auto traffic for purposes of

emissions eemputation,

The total of the emissions due to the net induced growth, In each
project year, is added to the on-airpert emlssions te produce the grand

total of emissions due to the alrport project.
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2.2.4 Time Period For Analysis

The structure for the emissions computatloas 1s now specifled, except
for the time period. The UC emissions must be computed on an annual totals
basis, in conjunetion with the emission Inventory. Major control strategiles
for the ailrport emisslons are based on this annual total., However, peak
day, or peak summer day 1f different, enissions must also be computed for
the project, Since congestion can cause a more than proportional increase
in emissions for the traffic at the airport, it may be necessary to provide
an additional strategy for episcde control on such days. The airport may
have to be prepared for worst case meteorclegical days, regardless of

vhether they are peak alr traffic days.

The Nox emissions are required only in two cases: where the area is
designated for nomn-attainment of the NOx standard, and where the model used
to analyze the reglonal emissions requires NOx data for dts use. In these
cases, the annual and peak day NOx emiassions must be supplied, Again, these
totals for both NOx and HC are required for the first, fifth, and tenth years
of the project's operation. The annual computations should be done for
the without-project scenaric in the project years and in the hase year of

the air quality plan.

The emissions computations arc made on a 10 year basls for several
reasons. One i that alr quality planﬁing and transportation planning both
utilize 10 year planning periods for many analyses; these reviews would be
consistent then with the general structure of both agencies. The ten year
period is intended to cover most of the eifects of these major additions
to capacity in the airport or highway system, while fitcing into the existing
long term planning structure. The twenty year period regquired, with some
exceptions, in AQMA plamning (see Federal Register, 5-3-76) is too long for
purposes of analyzing the effects of one project. The deosired cmission levels

determined for the reglon as part of the State Implementation Plans will

reflect the long range framework.
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2.3 DETERMINATTON OF DESIRED EMISSIONS LEVELS

2.3.1 Introductien and Assumptions

After determining the study reglon and projecting emissions throughout
the study period, the desired emissions levels for the regilon musc be found.
These levels represent maxlmum emissien levels above which oxidant problems
would be expected. If emissions from the study project were to cause these
dasired levels to be exceeded, trade-offs within the project or between the
project and other source categoriles would be necessary to keep the total
repional emissions at or below the desired levels. The following discussion
presents geveral pmethods for determining desired emissions levels for JIC and
NOx, consistent with air quality planning efforts expected to be completed by
mid 1978, Where such planning 1s not required, other modeling techniques are

presented,

Two assumpticons have been wade in this discussion. First, it is
assumed that the local oxidant plume mechanism holds, This mechanism assumes
that a source's emissilons cause oxidants in the Immediate vicinity of the
source. Most current models and control theory are based on this assumption.
However, recent findings of high ozene levels in rural areas, apparently
resulting from long range transport of precursors from urban areas”, have
cast doubt on the validity of the local plume mechanism in some circumstances.
The exlsting state-of-the-art is such, however, that only the local problem
can be treated at this time.

Second, it 15 assumed that the emission changes, both direct and indi-~
rect, attributable to the project have not already been considered in detail
in an existing air quality plan. If the air quality impacts of the projeet
and its induced development have already been assessed, therve is no need to
redo the work vaiess there are difficultles with the existing plan.

Employing the balance sheet approach implies that no attempr will be
made to simulate the air quality changes resulting from the projeect. If the
overall control strategy was developed using a computerized simulatlon model,
the balance shect 1s unnecessary; the emissions from the prujeet and any
desired trade-offs can be used as Lpput and the resulting estimated air qualiry
simulated. When simpler methods such as rollback, Appendix J, or smog chamber
methods have been used in rhe regional analysis, the results are given in

terms of either the regional desired emisalon levels or an emission reduction.

ﬁ"?‘ E
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The balance sheet provides a means of determining whether the reglonal emis-
sions ceilings will be vielated by the study project and a means of trading

off emlsslons beiween Sources to keep the celling from belng exceeded.

2.3.2 Methods of Determinlng Desired Emissions Levels

A Recent Air Quality Plan Exists

The selected study reglon may already have heen analyzed for a State
Implementation Plan (SIP), Transportation Control Plan (TICP), or Air Quality
Maintenance Area (AQMA) analysis or plan. The original SIPs from 1972 are
generally outdated; TCPs treated only the central business districts of urban
areas. Nelther of these is thus likely to provide a firm basis for estimating
desired emission levels. However, 25 out of 31 airport prolects expected to
require Indirect Source Review (ISR} are located in areas requiring either SIP
revisions or AQMA analyses or plans for oxidants. SIP revisions, which will
probably be the first AQMA plan In reglons where both are required, are due in
July, 1977, with land use and transportation proviﬂiané due in July, 1978. AQMA
analyses were due in July, 1976, (as of October, 1976, some had not yet been
aubmitted)lo and the AQMA plans will generally be required within 2-3 years.
Whenever possible, computations of desired emissions levels should be based
on tﬁese plans to Insure consistency ameng, prograng and reduce the amount of
work required. The ISR will be a preject—specific review in addition to the
broader based air quality planning contained in the more genevral AQMA plan or
SIP. As used in this section "plan" refers to the general AQMA plan or SIF;
“"study" or "ISR" refers to the project specific review. Both the general plan

and the specific review ave required by EPA regulations.
! Two casey ardise when a recent analysis exists:

* the air guality planning and study reglons
will be the same, or

» the study regilon will be a subrepion of the
planning region.
Tha desired emission levels in the plan will normally need some adjust-
ment: in both cases because of the leval of detall in the ISR and additionally in
the second case because only part of the planning reglon is being studied. The

existing plan should contain an emission inventory for the planning region and
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estimates of desired emission levels of HC and NDY 1f the analysis technique
employed considered NOx. The baseline emlsslons for the alrpert in the plan
and 1in the ISR can be compared to determine any required covrections to the

emlssion levels gilven in the plan,

The level of detail used In esatimating alrport emission levels
in the plan will geuefally be based on nircréft LT0s and hence will be less
than that involved in conducting an ISR, In doing the detailed project
emissions calculations for the ISR, it would not be unexpected to find that
the baseline emlssions levels assumed for the airport In the plan are different
from those estimated on the basis of a fully detalled calculation using the :
methods of Sec, 2.2. When the detailed estimates of baseline emissions agree J
with the estimates used in plan development, no problem arises and the
desired emlgsion levels in the plan need not be modified. However, when the
detailed caleculations indicate that the emlssions levels used in plan develop-

ment are not accurate, there are two possible courses of action.

First, the desired emissions levels from the plan can be retained
without adjustment. Such a course, however, would place unnecessarily stringent
restrictions on the project if the decalled baseline emission cstimates are
greater than the emissions assumed when the plan was developed and, more im-
portantly, violates the principle of the rollback models in the context of
which a balance sheet approach applies. fThese models glve a required percentage

reduction regardiesa of absolute emissions levels, Hence, the second and

preferred course of action ls to change the emlssion levels in the plan te
reflect the more detailed baseline emisslon estimates generated during the
review. The plan specifies some required percentage reduction in emissions,
R. Tﬁﬁs percentage 1s based on air quality data only, not on the magnitude
of emissions. The plan may alse have assumed a reglonal growth factor (gf)
in calculating R. (e.g., the growth facter would be 1.02 if emission were
expected to increase 2% over the planning norizon)., The compliance emilssinn

level (CEL) in the plan is:
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Total

Baseline
CEL = (gf) x Regional % {1 - R/100)

Emissions

1

Bascline

Alrpore Other

brisstons | mmisstons| * (&~ R/100)
in Plan

(gf) x

1

During the ISR process, a more detailed treatment of the alrport’s emissiens

in the base year might show them to be different from those assumed in the
plan. The percentage reducticn R based on measured air quality would still

be applicable, and a new compliance emission level (CF.L') based on the more

detailled inventory would be:

Detailed
] Raseline Other -
CEL (gf) x Adrport + Emlssions| * (1 - R/100).
Fmissions
Detalled Basellne
) Baseline Alrport -
Thus, CEL = CEL (in plan) + (gf) x Mrport " Emissions % (1 - R/100).
Emiesions in Plan

When Appendix J has been used in the plan, (gf) = 1. This corrected compliance ‘
emission level (CEL') would be used as the regionall desired emission 1leve1 for
al). planning years beyond the compliance year projected in the plan., Batween
the detailed baseline emissions in the alr q‘uality plan base year and the
compliance emissions level in the couwpliance year, the desired emission. level
can be ohtained by linear interpelation if no intermediate levels have been
glven yin the plan. When intermediate emlsslon totals have been specified,

they should be inereased by an amount caleulated by assuming that the difference
between the detalled baseline alrport emissions and the baseline airport
emigsions in the plan will decrease linearly over time. The rate of decrease

is glven by the requirement that the difference be reduced by the required
percentage R between the baseline and compliznce years, Use of this technique
for adjusting the allowable emissions specified in the plan will result in
regional desired emlssion levels consistent with alr quality peals and reflecting

the more detailled project—specific emisslons inventory.
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Two addltional points need to be made about this correctlon term.
First, an upward correction in the plan's reglonal emission level to give the
desired emissions level does not mean that the region can absorb increased
emlssions. The correction simply accounts for emissions not included in the
baseline inventory and although the compliance cmissions level has been
adjusted upward, the critical implication is that an additional emisslons
reduction equal to the unaccounted emissions reduced by R must be found.
Second, the correction really applies to the entire region. However, for
purposes of determining whether balaneing 1s required, it is convenient to
add the change to the airport emissions in the plan and call this the desired

alrport emissions.

In practice, the situation Is frequently somewhat more complicated .
because Project Yeav 1, the earlicst year for which a detalled airport inventory
has bheen generated, is likely to be later than the baselire yegar in the air
quality plan, the year upon which the required reduction R is based. The
adjustment procedure requires the amount of emissions that were present in
the alr quality plan's base year but which were not accounted for in the
plan's inventory. To produce a precise estimate of the unaccounted emissions
in the base year, two corrections must be applied to the unaccounted emissions

in Project Year 1l:

1) The growth in the airport sources esusing the unaccounted emissions
must be discounted in moving from Project Year 1 backward in time

to the alr quality plan's base year and

2) Care must be taken to subtract out the emissions of any sources
(such as new storage Lanks) which began operation bhetween the air
quality plan base year and the opening year of the proposed project.
1f both of these factors are taken into account a reliable estimate of un-
accounted emissions in the base yesr should be obtained and the procedure

deseribed earlier can be applied.

Similar problems occur when the study reglen is a subreglon of the alr
quality planning region. In this case there 1s the additlonal necessity of
disaggregating the regional levels to find the fraction constituting the
desired emission levels in the study subregion. This estimate is best
accomplished by summing the emissions of sources located in the study sub-

region from the plan. For sources located only by county In the plan,
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the use of the subcounty allocation procedures in Volume 13 of the AQMA
guidelinesll is recommended, The same corrections as discussed above must
be applied to reflect the more detailed estlmates of airport emissions.

A Recent Alr Quality Plan Noes Not Exist

When a recent analysis does not exist, recourse'must be made to the
original S$IPs. All AQCRs have been designated either Priority I or Priority
I1I for NOX, HC and Ox. Priority 1 AQCRs are required to have rather detailed
emissions inventories, oxidant air quality data, and a SIP for stamdard attain-
ment upon which estimates of desired emission levels could be based. This
SIP was probably developed in 1972 and the state air pollutlon contrel agency
or EPA Regional Office should be consulted prior to using desired emission
levels based on such a plan, to ascertain whether any modifications are being
contemplated. If the original plan is still considered reliable, its emission
leval estimates may be used as described above to estimate desired emlssion

levels.

Priority ILI reglons have greater potential for causing difficulry.
There are no federal requirements that oxidant air quality be monitored in
Priority III areas. Such data are necessary to estimate desired emission
levels using proportional models. Data may, however, be available from the
state, EPA Regional Office, or in EPA's Storage and Retrieval of Aerometric
Data (SAROAD) system which can be accessed at the EPA Reglonal Office. If
no oxidant air quality data is avallable, a short-term monitoring program
covering June through August of one year should provide sufficient data for a
review. Aren source emission data may also be incomplecte for Prilority III
AQCRs. EPA's National Emisslon Data System {NEDS) contains estimates of emissions
for areas where incomplete data are available. However, states shoukd be checked
first for updated inventories. In such casas, trade-offs are limited to the
sources given in the finventory. These should, however, include all large point

sources of HC and NO_, the major problem being the timeliness of the data.
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2.3.3 Photochenical Oxidant Modeling Technlques

Three types of procedures exist for eatimating desired emission levels,
The first are the proportional models which give desired emission levels
directly or, equivalently, required emissions reductions. Second are the
statistilcal-empirical models. The third arv the simulation models that
estimate alr qualicy based on emissions, thus eliminating the necd for a
balance sheet but requiring an emission inventory, All three types are
described below beginning with the proportional models. This discussion
of the modeling techniques available 15 included to provide a complate
plcture of the options available, even though the balance sheet tachnique 1s

applicable only in conjunction with preportional reduction models. The

discussion of statistical-empirical and simulation models is somewhat brief

for this reason.

2.3.3.1 Proportional Models
12

Appendix J
The method most widely used to determine desired enlssions levels is
the so-called Appendix J rnethod.13 This method 1s based upon ohservations of
non-methane hydrocarbons (NMHC) between 6 A.M., and 9 A.M. and the highest cor-
responding l-hour oxidant concentrations during the day in several U.5. cities.
& curve 13 drawn through the maximum oxldant values found at each NMHC level,
producing a relationshlp between NMAC and maximum oxidant levels. This "upper=-
1imlt curve" can be combined with the familiar simple rollback model discussed
balow to glve the percentage reduction R in NMHC emisslons needed to attain the
oxidant standard. Assuming no oxidant background, the technique has been used
by EPA and presented in Appendix J of the rsgulations for preparation of
SIPs tAO CFR 51). Use of the technique is simple. The highest recorded
oxidant value in the study area is picked and the Appendix J curve is used
to obtain the percentage reduction in MMHC levels requived to attain the stan-
dard (see Fig. 2.1.). The MMIC emissions in the study reglon are calculated
for the year the maxipum oxidant concentratien was measured., The parcentage
reduction, R, is then applied to the emissions total, ylelding the desired

NMHC emisslon level in the region., This level cannot be exceeded if the

oxldant air quality standard is to be met. Tt is posslble, of course, that

R be negatlve, that is, that emissiens can increase iIn the reglon.
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It is ulso possible to construct an upper-limit curve from data for a
partlcular region rather than using the EPA curve based on aggregate data Lrom
several eitdies, The result would be a curve similar to the Appendix J curve
but reflecting the local hydrocarbon mix and meteorology and hence better
suited te review of sources in the reglon where the upper-limit curve was

developed.
There are several limitations to the Appendix J method:

* The upper~limit curve is empirical and does not necessarily
have predictive value;

+ The method disregards NO_ and, in particular, the NO /HC ratile
which have been found to™be important in oxidant pro&uction;

* The portions of the curve for high and low oxidant values have
only a small amount of data (This may not be true for location-
specifiec curves.);

« These curves are not necessarily valid at locationg other than
where they were derived and location-specific curves do exhibit
variations;

* Oxildant transport is neglected; and

* The use of rollback to determine required emission reductions
introduces the limitations enumerated below.

Rollback’

This method makes use of the sinmple rollback equation
(gf)cmax = Standard

"R x 100
(gf) Cmax - Background )
to glve the percentage emission reduction R. In this equatdion cmax and
Standard are the maximum observed ambient cencentration and the ambient standard,
respectively. The Background is typically taken as zero for oxidants; gf 1s
a growth factor. Using the maximem measured one-hour oxidant value din the

study reglon for Cmax' R is taken to be the required reduction in NMHC
emission levels. This is equivalent to assuming that oxidant levels are
directly proportional to NMHC emisslon levels. Results dn smog chambers
indicate that this Is not a totally unjustified assumption. In the Appendlx
J method, the proportionaliry was obtailned from the much eriticlzed upper-
limit curve., This method results in lesser ceatrol requirements than
Appendix 'J, A pood discussion of the limitations of simple rollback has

4
been given by deNevers and }mrris.l' The major limitations are:
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+ It cannot he validated experimentally;
* It assumes all sources reduce emissions In the same proportion;.

+ The true Cmav value must be known;

* The weteorological pattern is assumed te be the same at all times;
and

* Backpround levels of oxidants are assumed to be zero.

In addition, de Nevers and Morrils discuss four modifications to simple
rollback that make the method somewhat more sensitive to emission patterns and

meleorology. They take Iinto account successilvely:

* Emisslon rates speclfic to different sovrce categories;

* Emission heights representatilve of each source category
(Emission height is normally ignored in oxidant modeling.};

* A limited set of source-receptor distance ranges; and

+ The frequency with which the wind direction lies in different
directions.
Since the oxidant standard is a one-hour atandard, the last modification could
be ignored. The first modificatlon could be useful in treating trade~offs be~
tween source categories. It consists essentilally of keeping the overall emis-
sions inventory by category sa that the various categories may be rolled back
by different amounts to achieve the desired emission level.

Smog Chamber Methodsl3’15

Simple rollback assumes a simple proportionality between hydrocarbon
precpr;ors in place of the upper-limit curve relatlonship of Appendix J.
Oxidant-precursor relationships derived in smog chambers can alse be used in
a rollback technique to obtaln the desired emission levels. In the smog cham-
ber various mixtures of SOx and NMHC are Irradiated and the maximum one-hour
ozane concentration (the standard measure of oxidant levels) is found. The
resﬁlts can be plotted as isopleths of 03 concentration on a graph such as
that shown in Fig., 2.2. The shaded arcas in this flgure represeont NOK/NMHC

ratlos which were not found to cause ene-hcur ozone values in excess of the

standard, 0.08 ppm.
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These isopleths can also be plotted based on simulations of the
chemistry. A model of the chemistry is developed based on smog chamber
results. Then the model is adjusted to account for the differences between

the chamber and atmosphere and isopleths similar to Fig. 2.2 are plotted

- based on the adjusted medel.

The simplest application of these datn identifies the 6 to 9 A.M.
ambient NMHC and NOx lavels with chawber concentrations, and the annual maxi-
mum {(or second highest) 03 concentration with the chamber isopleth correspond-
ing to the observed N}MC/NOx ratie. The chamber isopleth value is then rolled
back by the same proportion as required ro bring the observed cmax te the stan-
dard. The isopleth so determined can be used with an estimate of expected

NDx reductions to caleulate the desired NMIC emission level.

Dimitriade513 has proposed another method of using the smog chamber
data to determine the desired emission levels:

1., The 6 to 9 A.M. ambilent NOx/NbMC and the annual maximum
cne-hour 03 concentration are used to determine the
chamber countarparts of the ambient situation. This
point is found on the figure as tha Intersection of
the Cm . oxidant isopleth and a line with a slope equal
to the ambient NT-[HC/NOx ratio, (Figure 2.2 shows such
a point (4) for NMMC/NQx = 5 and Coax = 0.40 ppm 0.

2. The NOx value is reduced to account for expected NOx
control (Point B).

3. MNMHC contrel is calculated to bring the ratie inteo the
shaded area (Polnt C).

This method has the advantage of being simple to use and of taking NOx levels

into account, It does not, however, give a unique answer withoub an assump-

tion about NOx levels. It could provide a basls for trade-offs between

50 and NMHC.
X
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Three-hour NOx levels could be estimated frow existing ambient data

and

the expected effects of existing control programs like the federal motor

vehicllé control program., ‘The major limltations of rhe smog chamber mechods,

in addition to the rollback assumpticns, are:

The chamber atmospheres may net accurataly reflect the chemis-
try that occurs in the rea) atmosphere (models that are adjuste
to simulate atmospheric chemistry minimize this problem); ’

The ozone concentrations and initial reactant concentrations
in the chamber obey a cause and effect relationship, unlike
the real world whare transport occurs and ozone concentrations
at one locatlon are related .to MHMIC concentrations observed
earller in the day at another location; and
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* The daca relate only Lo oxidant concentrations as a fupncion
of precursor conecentrations, net to the [requen.y with which
the standard level 1s excecded. The NAAQS for oxidants is
expressed in cerms of tha number of hours per year in which
the standard level may be exceeded.

2.3,3.2 Statistical-Zaopirical Models

These models derive relationships between observed oxidant levels and
precursor and/or meteorological variables by atatistical methods. For example,
oxldant values might be predicred based on yesterday's Cmax and today's 6 to 9
AM. NMHC/NOx ratlo, These models generally lack spatial resclution and require
a significant amount of data for theilr development. If the data exist, however,
model development or application 1s relatively straightforward and inexpensive.
One model incorporating spatial resolution has been developed for S5an Diego.
This model and various other statistical techniques that have been used and
some of the models that have been developed are described by Myrabe, Wilson,

and Trljon1516 but are teo nunerous and locatlon-specific to be described here,

Two classes of models are avallable: models for short-term (eplsode}
prediction and long~term models for control strategy development, which are of

interast here. The loag-term models suffer from two disadvantages:

+ It is not clear that the model applies when conditions are
radically altered as when a control strategy is dmplemented;

+ A sufficient quantity of aeromekric data is frequently not
avallable to give good precision or to allew for spatial reso-
lution in model development.

2.3.3.3 Sipulation Models

Reactive Environmental Simulation Model (REMjl7

REM 1s a large computer model that computes oxildant concentrations in
a moving column of air with a basc of fixed area. The elevation of the column
base follows the local topography aznd the elevation of the top follows the
mixing iieight. This roving column is treated as a smog chamber in which
emissions are allowed to react. The treatment of the photochemistry is the wmost
extensive of any of the models discussed here. The column moves along a path

determined by averaging all available wind data.

The data requirements of REM are fairly simple. They can be found in

Record, Patterson, Bryant, and Castaline. 17 REM vses a 25 x 25 grild alement
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network. Stationary source emissions and vehlele miles of travel (VMI)
nust be allocated to each grid element. REM has certain featuves specific
to Los Angeles which ean be easily removed from the computer code. It has

been tested only in Los Angeles.
The following additional point should be made about REM:

* As a trajectory model, which follows a single air parcel through
time as it moves under the influence of the wind, 1t is best
suited to project rather than system review;

* REM's treatments of transport, diffusion, and vehicular
emissions are weak; and

+ It requires fewer inputs, has far less extensive data require-~
ments, and has a simpler code than either the DIFKIN or
SATY models, which are discussed below.

Diffusion Kinetics Model (DIFRIN)Y'

This model 1s also a trajectory model and hence most applicable to
project level analysis, DIFKIN treats vertical dispersion in contrast to the
REM model which assumes uniform mixing. It has been applied in Los Angeles,

San Francisce, and Denver. It performed adequately only in the first two cities.

' In general, however, it predicts ozone levels better then REM does.
In terms of data, DIFKIN requires an extensive set of data, particularly for
caleulation of wvehicular emisslons. Several other polnts should be made
about DIFKIN:

* Thn computer code must be modified for areas other than
Los Angeles;

+ Calculated concentrations are extremely sensitive to initial
' concentrations of pollutants; and

* The treatment of dispersion and advection is better than REMs
but could still introduce errors by a factor of twe or more
when compared with observed values.

Urban Aly Shed Photochemical Simulation Model (SAT.)l7

SAY is the most sophisticated model discussed here. Conecentrations

are pradicted for all elements of 25 x 25 array and hence 1t is more suit-
able for system analyses than REM or DIFKIN., Several features of SAT are
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tlon in other areas. It has been validated In Los Angeles and o very Limitod

comparison made with the other two models. Values predicted by SAL correlated

with observatlons slighﬁly better than did REM's wvalues while DIFKIN's pre-

dicted values correlated becvter than SAT's. Emissiens data requirements for

SAT are similar to those of DIFKIN; meteorological data requirements are simi-

lar to those of REM, Several other points should alsc be noted:

Observations

SAI is expensive and runs for about an hour on an IBY 370/155.
It does, however, give concentrations in all grid elements in
contrast to the trajectory modelsg

The required informatlen is more détailed than with the other.
models; and

SAI treats transport and diffusion In more detail than the
other models and is better able to accommodate topegraphic
features and changes in initial and boundary conditions.

After examining the common models described in this subsection and dis-

cussing oxidant modeling with EPA staff members it must be noted that:

EPA has recommended the Appendix J method for most situations
but will allow other models to be used;

EPA is currently working on revisions to Appendix J that would
account for NOx as well as hydrocarbons;

Appendix J, linear rollback, and SAIl appear to be the models
most generally heing used in SIP and AQMA planning at this
time;

No single method presently rapresents a generally accepted
model, Some authoritices recommend comparing the results of
models in assessing control strategles; and

The problem of determining the oxidant dmpact of a specific
source has recelved scant attentlon; the major cmphasis has
been on regional medeling wilithout attempting te ilgolate
source-specific contributlions to oxidant concentrations.

2.3.4 Summary and Conclusions

Various methods of assigning desired emissions levels of NMAC and NOK

to a study repgion have been described. It was noted that most airport projects

will be located in areas where AQMA planning or SIP revisions are already undern-



way. LEven in these cases, however, the plans will probably luck the le
detail required for indirect source review and adjustments to the deslred emis-

siong levels specified in the plan will need to be made.

In cases where the existing onalysis is lnadequate or outdataod, somz
form of modeling must be used to estimate the desired emissions levels., The
available techniques divide into three broad categories: those based on pro-
portional models requiring only hand caleulation, statistical models, and those
that simulate air quality requiring use of a computer. Only the flrst lead di-
rectly to desired emission levels and are reasonable within the context of a

balance sheet approach. Several conclusions were reached:

+ Oxidant modeling is in a developmantal stage. Better models
should become avallable within the next 5 years;

* The computer models were eilther developed for a specific loca-
tion (statistical-empirical models) or have features specific
to Los Angeles (photochemical simulation models) which can be
removed by altering the computer code;

*  Smog chamber methods have a good chance of accounting for both
Nox and NMHC;

+ Although a desired emissions level could be determined by add-
ing all the input emissions to a simulation model, this pro-
cedure violates the purpose of such models -- the simelation
of air quality given emissions. The balance sheat is not
recommended in such cases; the project's effects on alr quality
should be simulated by multiple runs of the model; and

The balance sheet is recommended as an analysis tool in cases
where a simulation model is not currently available and where
resources do not permlt such a model to be implemented within
the time available for the review,
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2.4 ACCOUNTING VROCEDURES

AlL of the elements for the balance sheet analyasis ave now prepared:
reglonal total and airport deslred emisslon levels and prajected alrport
emissions with and without the project. Given these computations the comparison .
between forecast and desired emlsslons can be made, whieh determines the
need for trade-offs. These elements are now combined inte a review and

decislon~making process.

2,4.1 The Decision to Require Balancingp

As illustraced in Figure 2.3, the cssential decision is a
comparlison between the emissions projected for the airport with the project
and the emissions allowed to the alrport by the SIP or Air Quality
Maintenance Area plan. If in any year (first, Eifth or tenth) the ailrport
emissions (B on Flg. 2.3) excead the desired alrpert emisalon level (A),

the halancing analysis proceeds. If the alrport emissions with the project
(B) are less than the desired level (A}, then the project meets the review

requircments and no balancing is needed.

The desired alrport emisslons are based on the ragional air quality
plan but corrected for any discrepancles with the air quality plan in the
base :,"ear, relying on a more detalled computation qf emlasions from the
alrport sources. As mentioned in Sectilon 2.3, it 1s expected that the
airport emissions specified in the regional air quality plan will account
only for alrcraft LTOs; a more accurate determinatlon of emissions for all
alrport emission sources may yield a higher emissions total than thz value
in the plan. A correction term can be determinad from the base year i
{(i.e., the year of the best avallable inventory) of the plan. This term
is used to adjust the airport emisslons speclfled in the plan for cach
project year -~ one, five and ten. For purposes of determining whether
balancing is necessary, the adjustment is made only on the alrport total
because the other regional emisslons are considered unchanged., The initial
comparison, then, is between ailrport emission totals only. lowever,
if balancing occurs, further comparisons are made between regional
emission totals because the other regional sources can be part of the .
crade-offs. Ag shown in the figure, balaneing requires a comparison

between the desired reglonal emission levels (C on Fig. 2.3) and the .
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regional emissions total that results from the airport project and the
trade-offs made among the various repional emissions sources to balance
the proposed increase in eamissions due to the airport (b on Fig.2.3.).

The trade-offs are made until the projected emissions from the reglon (D),
accounting for all trade-offs, are less than the desired regional emissions

in every project year (C).

There are savaral pelicies reyarding the attailnment/maintenance
status of the study replon that can aFfect the balancing declsion, Three
types of reglonal status will be considered: “eclean air" areas, maintenance-
only areas, non-attainment areas, Clean alr areas are those regilons that
do not now have any violatlons of the air quality standards, nor are they
expected to have any over the next several years. bhintedance—only areas
are those reglons that do not nov have any violations of the air quality
standard, but are projected to violate a standard; such areas must have a
maintenance plan that demenstraces the steps taken to prevent those
expected future violations, Non-attalnment areas are those reglons 'currently
in viclation of an alr quality standard. These areas have plans for both
attainment and maintenance of the standards, Of prime concern din this

memorandum 1s the status of a reglon with respect to the oxidant standards.

For clean air areas, there are threa policy optlons that affect
balancing. The first, now in effect, linmits emission growth only to that
value which would cause a violation of the standards, the compliance
emission level. In terms of the proportional veduction technique for -
oxidant alr quality analysis, the required reduction, R, is negative.
If the project brings the reglon an emissions Increase greater than R,
then blél:mcing is required. Two other related policy options similar
to the policy for TSP aund SC\2 now being considered in the Congress, are
poasible for oxidants, however. A level of increase less than +R 1s set for
the region and emissions growth is limited by this amount. The emissions
ceiling is a value less than the compliance emission level, The amount
of increase could be set to zero, or no increase is alloved over present emissions.
These two policiles are referrcd to as policies of non~degradacion of air quality,
Under the latter policy, auy prajected increase In emilsslons would have to be

balanced by decrsases elsewhers in the reglon or the project could noc
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be begun., Under the former policy, trade-offs would be necessary if the
lowered celling for emlssions in the reglon was exceeded because of the
project's projected emlssions, In some cases, then, a less—than-equal
trade-off against the proposed increase in emlssions would satlsfy the

review requivrements.,

In maintenance-only areas, balancing is required when the
forecast emissions exceed the deslred level. However, in the years before
the compliance emission level 1is expected to be reached according to the
maintenance plan, the tradeoffs can be less-than-equal., That is, the
compliance emission level can pever be exceeded, but the upward path
toward the compliance level can be surpassed, At the compliance emission
level, all trade-offs must be at least equal so that the compliance emission

level Is never exceeded.

In the non-attainment areas, several policles are open. The least
restrictive in terms of balancing 1s to require balancing when the forecast

wlth-project emissions exceed the desired airport emissions level but to
allow equal trade~offs to maintain the level specified in the maintenance

plan., Another policy (known as the 'offset policy') would require greater—

than-equal trade-offs if an emission source 1s bullt or madified in the region.

That is, an otherwise unanticipated emission reduction must result from the
proposed project for all project yearsls. Another way to view it is that cthe
desired airport emissions level gets a little lower in 4 non~attainment area
when a project 1s proposed. Further, all trade-offs would be required to he
clearly enforceable by their inelusion in the 5IP, as revisions to that
plan. States might choose to be even more restrictive in emlssion control
and spécify no-growth in emlssion sources as their policy, disallowlng

any trade-offs. Sources woeuld be actively discouraged from locatlung in

the region, or from modifylng existing sources so as to increase emlsslons.
Nonu of these policies is yet in force, but they are under consideration

by the EPA. They are presented here to 1llustrate how each policy option

cffects the balapnce sheet review technigue.

In other than clean air areas, certaln options are open to the
raviewing agency in balanclng. In the event that some or all of the cwissian

sources required to reduce emisslons by the compliance year are ahsad of
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schedule, that cushion may he used in ¢rade-off. Of course, the compliance

emission level and tle compliance year remain unchanged.

2.4.2 Qrpganization of the Balance Sheel

Fipure 2.4 presents an outline of the essentinl information that
a balance sheet analysis might include. The overall Flow of the annlysis
is indicated by presenting the key information at each step. Not all of
the necessary computations leading to the kay filgures are specifled here;
they were described in the preceeding sections of this memetandum and
would have to be provided in an actual analysis. The figure Is Intended
to be generic in nature, rather than a recommended form for an ISR review.

The first item, I on Fig. 2.4 collects all the iddentifying
informatlon for the project, including the year of project completion,
applicable alr quality region data and whether the project is being reviewed
under the Mational Environmental Policy Act (NEPA) of 1969. This helps
coordinate reviews; in additen, the record of computations and the data
may be in the EIS. The second item (II) demonstrates whether the proposed
project gqualifies for preconstruction review as an indirect source of
alr pollution. The eriteria were derived by the U.S. EPA.]‘g to select out
major projects likely to make a significant contribution to alr quality
problems. The criterla are stated in terms of airport activity levels -
passenger movements or alrveraft operations - that lead to large amounts of
automobile traffic. It has been demonstrated that these criteria do

.. &
include only large alrports expecting significant increases in traffie.

_ Item IIT presents a summary of the emisslons data, ag outlined
in A, B, and C; socme of the traffic levels used to compute the emissions
are covered in D. These numbers are the results of the analysis described in
Section 2.2 of this memorandum. Documeéntation for these numbers 1s
nacassary since the assumptilons for the computations and the emission
factors used can vary. The emissien sources are arranged in A, B, and C
to highlight the alrpert sources avallable for balancing, should it prove
necessary later. The traffic levels in D are only those for the tenth
year of the project, to show the ultimate size of the alrpert with and
without the project. Information is organized for both annual totals and

the peak day. The amual totals for emisslons are directly comparable with
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BALANCE SHEET

Preconstruction Review of Adrport Projects

I. TPROJECT IDENTIFICATION

i A. HName of Project:

LT B. Sponsoring Agency:

f C. Project Completion Date:

7 D. Adr Quality Reglons: AQCR#
AQMA Yes No

Pollutants:
SIP Revisions Yes No

Pollutants:

Area:

B R

‘E. Brilef Description of Proposed Project:

35 e S s

Is an Environmental Impact Statement, pursuant to NEPA (1969),
prepared for this preject? Yes No

Is the EIS being submitted as data record?

AT
*

&
&

IT. SELECTION CRITERIA
Bither A or B is sufficient to require raview.

2 A. Expected increase in total annual passengers of 1.6 million
b over the ten year period.

3
‘ Increase s millien annual passengers.

B. Expected increase in annual operations of 50,000 over the
ten year period.

AT T e

AT,

Increase: annual operatilons.

4

Review Required? Yes ' No

Fig. 2.4

. Overview of Balance Sheet Analysils

T T



TIT. AIRPORT SOURCES - EMISSION INVENTORY AND AIRPORT ACTIVITY

A. Wlth Project HC, tons/year

Afrport Sources Inducced Growth
On
Project Alr~  Access Non-— Mrport| Auto GRAND
Year Craft Traffic Alrcraft Total | Traffic Commercial Industrial TOTAL
1
5
10
B, With Project Peak Day HC Emissionsa, tons
Alrpert Sources Induced Growth
. on
Project Air-  Access Non- Adrport i Aute GRAND
Year Crafr Traffic Aircraft Total | Traffic Commercial Industrial TOTAL
5
10
C. Without Project HC, tons/year
Airport Sources Induced Growth
On
Project Adr-  Access Non- Alrport | Auto GRAND
Year Craft Traffiec Aircraft Total | Traffic Commercial Industrial TOTAL
1 '
5
10
Alr Qualicy
Plan Base
Year
Noce: If it is required by the model used for analysis, the same information must

be provided for NOx emisslaons. .

Fig. 2.4 {cont.)

Overviev of Balance Sheet Analysis
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B. Adlrport Activity Moasures

With Project Without Project
For Project Adrcraft Total Aircrafc © Total
Year 10 Operations Passenpers Cperations Passengers
Annual
Peal Day
IV. ANALYSIS REGICN
A. Deseribe the reglon used: AQMA (name)
AQCR (numher)
MPC (name)

Other region

B. Name of plan, and enforcement agency, governing emlssions:
AQMA
SIP

S

Other

Fig. 2.4 (cont.)

Overview of Balance Sheect Analyals
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V. DESIRED EMISSION LLEVELS

A, Anmual HC Emissions From Alr Quality Plan, Without Proposed Project

Desired Alrport
Reglonal Emissions
Time Year Emlasions from Plan

besired
Alrpor: Emlssions®

Alr Quality Plan Base Year
; ' Project Year 1
5
L0

¥
Based on Alr Quality Plan Base Year emissions only.

numbers in A above,.

B. IDiscuss in detall the methods and data sources used to produce the
Cf particular importance are the methods used

to bring the inventories to the same ycar and the data used to adjust

the desirad emissions for the. airport.
assumptions and judgments.

VI. COMPARISOM

A,

Present all computations,

Fmissions, With

(1] [2]
Desired Forecast Alrport
Alrport Emissions,
Time leriod from Plan the Project
Projelct Year 1
10

B. TIF [2] i1s greater than [1] for any year, balancing is required.

Fig. 2.4 {cont.)

Overview of Balance Sheet Analysis
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TRADE-OFF ANALYSIS

A,

Atrtainment Region:
Non-Attainment Reglon:

(for 0 and XO )

X X

Internal Trade-off

1. Describe emission reduction strategy proposed for the alrport,
apecifying the source affected {e.g., alrcraft, taxiing, access
traffic). :

2. Demonstrate the emlssion reductions that are expected (data,
computations, effectiveness).

Induced Growth Area Trade-offs

1. Identify the sources expected to reduce emissions.

2, Describe the emission reduction strategy.

3. Demonstrate the emlssion reductions thar are expected (data,
camputations, effectiveness).

Transportation System Trade-ofis

1. Identify the sources expected to reduce emissions.

2. Describe the emission reductlon strategy.

3. Demonstrate the emission reductions that are expected (data,
computations, effectivenass).

Other Regional Emilssion Sources

1. Identify the sources expected to reduce emissions.

2. Describe the emission reduction strategy.

3. Demonstrate the emisslon reductions that are expected (data,
computations, effectiveness).

Sum all expected changes In emlssion and adjust the Expected Regional
Emissions to refleet the new emisslons forecast. Compare ip te the
Desired Regional Emission level. If the Expected is less than the
Desired, the balancing is complete. If not, rTevise the list of
emlssion reductilon strategles and procead through the balancing
agaln.

Fig. 2,4 {cont.)

Overview of Balance Sheet Analysis
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_ the annual totals in the reglopal alr quality plan. The peak day figures
provide informatlon for oxidant eplsede control strategles required 1n the
region. They also provide information on how the alrport design works with
very high traffic levels, airside and landside. The wlthout-project emlission
totals are the emissions that result from the actilvity chat would take place
at the alrport over the forecast period if the projeck were not built.

In additlon, the emlssions Eor the base year of the alr quality plan are
computed. These are the detailed airpport emissions used to adjust the

emissions specified in the plan for the airport,

It may be that the emissions computed in this table (C) for the
project years may not agréa with the desired airport emissions level .
detormined by the reviewing agency. The methods used by the alrport and
the reviewlng agency to determine these without~project emission levels
may not be the same. This 1s a point in the balance sheet analysis where
coordination between the two groups is crucial. Difflculties in agreeing

upon the baseline emissions for comparison lead to more disputes further

along the analysis.

Starting with Item IV, the next steps In the balance sheet analysis
are done by the reviewing agency. Up to this point, the airport supplied .
the information. It 1s essential to maintain coordination berween the airport
and the revliewing agency since, in the event trade~offs are required, the
reviewing agency may need to examine the potential for emlssion trade-offs
within the airport bounds. Then the alrport will come back into the
analysis procedure to demonstrate whatever the potentlal emission reductlons
are. lItem IV specifies the analysis region to be used for the balance sheet.
The candidates for analysis region were deacribed in Sectien 2.1.2. The Air
Quality Maintenance Area (AQMA), 1f applicable, or the Air Quality Control
Reglon (AQCR), are recommended For alrports because of their compatiblility
with existing adminlstration, thelr lerge size, and the data avallable for
them, It ig eruecial to thoroughly explain the choice of the analysis region
and how 1t fits Into the regional air quality planning process. The
applicable air quality plan 1s also deseribed bere, in preparatilon for the

determination of the desired emission level.
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Item V-A on Fig. 2.4 ovtlines the information necded for the
desired airport and regional emisstons levels, also deseribed in Section 2.3
The desired vepglonal emissions level is first determined from the atir
quality plan for that plan's base year., The base vear refers to the year
of the best, most recent inventory. The atrport portion of that regional
total 1s separated out. Then for that base year, any correctlons are made
to the amount shown in the plan, based en the detalled airport emissions
described in Item III-C of the figure. If a percentage reduction, R, was
applied to the regiomal emissions, it 1s applied to this new, more detailed
caleulation of airport emisalons alsc (See Section 2.3.2). Using linear
interpolation where necessary, the desired alrport emissions for each project
year are then determined, It is this set of emission levels to which
the projected airport emissions are compared in Item VI, Comparisons.
Ltem V-B preseants the relevant issues in caomputing the desired alrport
emissions. This is a difficult, but Important step, since the comparison
depends partially on the result of this step. In addition, the regional
emissions inventory will be used again if there are trade-offs to be made,

The comparison outlined in IXtem VI was shown achematieally in Fig. 2.3,
The first column [1] comes directly from the last column of Item V, The second
column [2] is from the TOTAL column of the annual, with-project emissions
table found in Item ILI-A, If, for any of the project years, the value
in [2] is greater than that in [1], balancing is required. The policies
discussed above In Section 2.4.1 become relevant at this point. Whether
trade-offy are allowed at all, or less~than-equal, preater-than-equal or
exactly equal trade~offs can be made is determined by the type of air
quality reglon ir which the airport project Is located (clean air,
maintenance-only, non-attainment) and the local and natlonal policiles in
effect for each type of region. The task now at hand is to find one or
more sources, somewhere in the region, that can reduee their emissions
by an amount equal to {or possibly greater than) the increase projected
by the aivport. The possible sources can be classifled as belonging to:
1) the airport, 2) the induced growth in the region, 3) the
reglonal transportation system, and 4) other regienal emission sources.
This.br&akdown is used bacause it distinguishes airport-controlled sources

from the others, and acknowledges the close relationship, 1ogfca11y and
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administratively, between the alrport and the rest of the reglonal transporta-
vion system., A successful Lrade-off strategy could dineclude componants

from any one or all of the four categorles. The strategies avallable

in each case are, of course, very diffevent. In non-attalnment areas

it may be requlred to institute the trade-offs as revislons to the SIP.

In the tradeoff analysis (Ttem VII), strategies for reduction of projectad |
regional emissions are designed and tested against the desired reglonal
enlsslons level in cach project year. The review requirements are met

when the projected emissions for the reglon come in below the desired level.

2.4.3 Trade-0ff Possibilitles

Trade-coffs can come from anywhere in the study region. There are
some sets of emission sources that are more likely to yileld trade-offs or are
easier to control from the airport's point of view, The possible sources
are presented here in groups determined by administrative control and

potential for trade-off.

On-airport Trade-offs

The first set of trade-off poasibilities are found on the airport.
These have the advantage of being directly under the control of the airport .
operator. All of the sources at the alrport are candidates for trade-off, ‘
The use of larger, fuller planes can cut down alrcraft emissions for the
same level of passenger traffic. At gome airports, the runway and taxlway
layout is such that planes have to wait in queues to cross active runways
before proceeding to the terminal area. A change in the layout can bring
a 1ar§;a reduction in emisslons of alreraft by lessening the amount of time
spent idling. Othar aircraft-related strategles include controls on the
number of flights each hour and using tow vehicles instead of using airecraft
engines for taxiing. This latter stratepy yielded a 33.3% reduction in the
HC emisslons at one nirport.zl Fuel tanks can be converted to floating
roof tanks to Teduce their emisslona. The pattern of access Lrafile can
be examined for bottlenescks or extra route mileage; the petcutdal for

additional mass cransit routes te the alrpert from varilous points in the

region can be exploited.
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The heating plant might be further controlled te reduce 1ts emlg~
sions. The airport operator must be able to demonstrate the emisslon reductions
ocxpected as a resule of iwmplementation of any of these strategies by using
any of the emissions forecasting techniques mentioned in Section 2.2.
Demonstration of the emission reductilons due to runway or raxiway.layout
or aircraft‘towlng requires detalled computations like those used to figurc
emissicns in a simulation model however., The aimple LTO hased methods cannot

trace the effeets of these emission reduction strategies.

Induced Growth Region

As an alrport inereases Its capaeity, a certaln amount of the
increase in activity near the airport can be attributed to the alrport's
increase, This area of influence cannot be exactly defined but is usually
taken to be no larger than a 3-4 mile radius centered on the alrport itself.22
The additional activity due to the airport growth can be classed into
highway traffle, commercial (hotels, rental cars, etc.), or industrial
(truck terminals, manufacturing, etc.). The hiphway traffic increase
includes the vehilecle-miles of travel (VMT) due to alrport users as well
as the VNI due to the commercial and induscrial growth. Although the
airpert operator does not directly control this growth, the airport can
influence. it with the aid of local land use and trénsportntion planning
agencies. Local zoning and state enforced emission restrictions are two
tools for controlling which uses locate near the airport and what emissions
they will produce. For new point sources lecating in this induced growth
reglon, there are two ways to control emissions: ome is to forbid or
actively discourage thelr locatlon in this area and the other 1s to
spacifically limit emissions from each source on a ecase-by-case basis.

The legal implications of the latter are not clear, so that optien should
be carefully examlined. The vehicular traffic in the Induced growth region
is also & source for potential trade-offs, Reduction in the number of
vehicles through incrcased use of high-occupancy vehlcles, ineluding
traffic flow manipulation to give such vehicles prefarentilal treatmeat,

is one way to reduce emissions due to vehleles. Another is to examine
routing of trafflec through the areca for divectness - e.g., minilmizing

the road distance from the freeway interchange to the truck terminal or
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hotel cemplex., Improvemeants te traffic flow In the area, inaluding
intersection modiflcations to Increase eapacity and lessen the stop-
start chavacteristic of the trafiic in the area, are other means

to lessen HC emlsslions , which dezvease wilth increasing speed.

Transportation Svatem Trade-cffs

The airport Ls a part, both conceptually and adminilstratively,
of the regional transportation system. Anr airport is a point of interface
of alr and ground transpertation systems., It is logical to link these
systems in the emission trade-off analysis because of these interconnections.
43 one example, the primary mode of ground transportation available in the
busiest corvidors of travel to the alrport will influence the amount of
vehicular emisslons due to the ailrport access traffic. TIf the airport
is accessible exclusively by auto and neot by any high-occupancy transit
mode, emissions are greater than if there were an excellent mass transit
access system to the airport. There are othar trade-off possibilities
that lie within the ground transportation system. Emission raductions
ecan be generated by regional automebile inspection programs, requiring .
maintenance that keeps auto emissions lower. Emission benefits cxpected
from the Federal Motor Vehicle Control Program a3 can be nsed ag trade-offs .
41f these reductions brought the regional emissions totals lower than the
comliance level. Manipulations of the ground transportation ranging from
improved level of service on mass transit systems to intersection flow
improvements and selective improvement of freeway links can provide
emisslon benefits over the existing plans, which can be used as trade~offs,

Entire Reglon

The entire anclysis reglon is avallable for trade-offs, The
subsets Listed above provide some advantages in the process, but in some
reglops Lt may be just as easy to consider trade-offs with the point sources
in the region. (The transportatlion system is the principal area source
for oxidant precursor emlssions, so polnt sources vemaln). Controlling
a source category as yet uncontrolled, or further controlling a category
that is, are the basic strategics for reductions. Tank farms, power
plants and chemical manufacturing plants are hydrocarbon sources that
might be considered for furthoer emissicon reductions. If a communtity

particularly desires the airport growth, this type of trade-off might
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be necessary Lo accomodate that preference.

Concluslons

In considering all of the tradeoff possibilities open to the
reviewing agency and the community In a bhalance sheet analysils for pre-
construction review of an alrport project, certain of them appear more
fruicful than others., The first step is always to examine the airport
for emission reductions within its bounds. The major advantage to the
alrport in this instance 18 that the control of the emission sources
lies with the airport. Since the airport already has some concern for the
nature of nearby land uses because of flight safety and noise exposure
reduction, the fneclusion of the induced growth region in the trade-off
analysis is the next logical step. Moving out of the sphere of the
airport operator's direct control, the transportation system for the
region is the next likely set of trade-offs. The airport is connected to
the regional transportation system in such a way that trade-offs can be built
into the system planning process. The transportation system 1s also a
particularly large source of HC and Nox emlssions and of proportionately
large reductions. The least likely source of trade-offs appears to be
other reglonal point sources. Without strong community or state support
these reduction strategles are the most difficult to enforce, Opposition from
the sources already controlled might delay lwplementation of these strategles.

2.4.4 Updating

Since alr quality review is an ongelng process, it is necessary
for the reviewing agency to monitor the reglonal alr quality periodlcally
and tﬁ examine the emission sources specified in the trade-offs to ensure
that the reduction strateglas are implemented as specified during the
original balancing of emissions. The requirements for measurement of
regional ailr quality are specified in various EPA requirements for attainment
and maintenance of the ¥ational Ambient Alr Quality Standards (NAAQS).
These measurements are the primory indicators of alr quality; if the
oxidant standard is violated after the compliance year, for example, either
the emission control strategy for the reglon was not effective and needs ﬁo

be revised or the emlssion sources are not controlling emisslons te the
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levels forecast, The first problem can be alleviated by more sophisticated
and accurate modeling and forecasting of alr quality based on emissions and
meteorology, requiring monitoring of alr quality as the indicator of
success In attaining and maintaining concentrations at or below those
specified in the NAAQS, and a revised emission control plan. The second
situation is somewhat different, however. It is toward this situation
that the updating requirements described here are aimed, although the informa-
tion i1s also useful for designing a new strategy in the instance the plan
is insufficient to bring the region into compliance with the NAAQS and keep
it there, Two sets of updating requirecments are described here, one to
match the needs of non-attainment and maintenance areas, and one for clean
air areas. If the analysis region becomes a non-attainment or maintenance

area during the ten year peried, the stricter set of requirements would apply.

For non-attainment and maintenance areas, yearly information on
eir traffic levels including passenger movementa and aircraft operations
by aircraft type should be supplied to the reviewing agency. Additionally,
descriptions (or maps where appropriate) of the cuzrent physical plan of the
airport would assist in the continuing review process. This information
allows the reviewing agency to monitor the progress of staged development
at the alrport. In addition, counts of vehicular traffic volume on the
airport - the access traffic - are needed to verify the expected traffic
levela., Close tallies of induced growth in the region near the airport
should also be kept. This task could be done most simply by the reviewing
agency because many of theselsources may need permits. The local zoning
boards and building departments can be consulted for permits issved in that
reglon. The raviewlng agency also monitors the other trade-off categories,
If the reviewing agency sees a problem in meeting the forecast emission
levels at any time, further analysls and demonstratilon of effectiveness
of the possibly revised emlssion reduction strategies at the airport
may be required by the veviewing agefmy.

In clean akir areas, such frequent updating and review is not
necessary. Instead the same set of information - passenger movements
and afrcraft operations by aiveraft type, access traffic counts, maps of the
layout with up~to-date versions of all runways, taxiways, roads and other

faedilivies — is reviewed after each five year period. Alternatively, the
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reviewing agency may choase to review the aivport at the same tlme the
review of the reglon ve determine the need for a mailntenance plan takes
place since this review occurs at five yeor intervals, Monitoring of the
induced growth again falls to the reviewlng agency, relying on the local
constructlon permitting authorities for records and on the state or local
department of tramsportation for on and aff-alrport trafflec counts.
Trade-offs made with other regional emisasion sources are also monitored
by the reviewing agency. In clean alr areas under a non-degradation
policy, should it be in effect, it is suggested to choose the more strin-
gent requirements of yearly review. Under this policy, the region is
very close to its desired level and five years in between reviews allows
for extensive emisslon growth if the original strategies are not followed.
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3. AIRPORT TEST CASES

3.1 NEW AIRPORT TEST CASE

3.1.1 Descriptien of Proposed Projcet

This test case demonstrates the use of the halancing technique
for a propesed new alrport in an oxidant non-attainment area. The data
for the reglon and the airport are based on actual air quality and aircraft
actlyity data but have been modified for purboses of illustration. The
analysis follows the technlque described in Section 2; the discussion
will focus on the data sources and the comparison of the desirod with the
actual emission levels.

The project under review is a proposed new major alr carrier airport

to be bullt on the outskirts of the urban area of the Modern City Alr Quality
Maintenance Area (AQMA) that will replace the present alrport. The present airpore,

" 01dfield Adrport, is teo small for forecast traffic and has no room for

expansion, as 1t is located in a highly developed section of the urban area.
The proposed Neway Alrport would be built in phases, opening Iin project
year 1 to accommodate principally general aviation and charter traffic,
By the £ifth )';e.ar the transition of scheduled cammercial traffic ta the new

' airport would be essentially complete, and by the tenth year only = small
. amount of general aviation traffie would remain at 0ldfield Airport. The

character of the traffic at Neway Airport would alse be changing over the ten
year analysis time period., Secheduled air carrier ctraffic would be added by

the fifth year, and in the tenth year there would be almost exclusively scheduled
commergial and charter traffic with an emphasis on long haul flights. A summary;
of the alr traffic forecasts for both airports is [u:'esented in Table 3.1l. !

Table 3.1. Adreraft Activity and Passenger Movements
with Proposed New Airporis

Project Year 1 5 10

Neway Airport B
Adr Carrier Operatilons 0o 54,800 148,700

Passengears b

Air Carrier o 3,13%, 000 13,704,000
Oldfield Adrport b
Alr Carriler Operations 45,000 13,000 0

®5ource: Modern City Airport Commission

1‘JExcludus‘. charter.
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It can be seen by examination of Table 3.1 that the lNeway
Airport 1s subject to preconstructlon revliew for its impact
on oxidant levels, since tha increase in air carrier aperatioans over the
ten year period is 148,700; additionally, the level of annuzl passenper
movements Increases by 13.7 million over the same time. When compared with
the criteria of an increase of 50,000 annual operations or 1.6 million
annual passengers over ten years, the proposed project 1s subject to review

based on either critericn.

The site of the proposed airport is quite large. The airport commission
assembled a parcel 11.5 km (7.2 miles) long and 4.8 km (3.0 miles) wide to
allow for the phased development of the alrport and to minimize the noise
exposure. The size of the site affects the length of the ground access trips
and the assoclated emissions. Other plans for the airport site ipclude
extension of a commuter rail line from Modern City to each terminal, and
connections to the three major roadways passing near the site. The terminal
bulldings will be built in phases, with additions scheduled to open at each
analysis year. Other facilitles - mail handiing, carge, alrline maintenance -
will be added as needed, generally following the passenger terwinal construction
prhases. Activity levels for these facilities have been incorporated into the air-
port activity forecasts assuming growth parallel to that of the passenger traffie.

3.1.2 Emissions Due to the Proposed Project

The airport commilssion let a contract to supgest alternatdve designs
for the airport terminal and runways and produce related activity data for
design and environmental impact evaluakion purposes. This report is the
aource of most of the airport data needed te compute the hydrocarbon emissions
due to the proposed new airport in each of the years required. Where specifice
data were not available from the consultant's report, average figures from

other alrportg were used,

The fully detalled computations of the emissions ffom each alrport
source are presented in Appendix A, A summary of the emission tatals is
presented in Table 3.2. The entries are the emissions due to the new airport
{Neway) only, operatec in the manner deseribed in the consultant's report.
The emissions due to the 01dfield Airport are not of conecern here; thoy

will be discussed in the context of the reglonal desired emission lavels,
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Table 3.2. Detalled Adrport lydrocarbon Emission Inventory
For Proposed Project — Neway Mdrport

Fmissions (103 kg/year)
Project Year

Category 1 5 10
Adrcraft 149.6 933.9 1885.8
Access Traffic 31.2 93.2 108.1
Ground Service Vehicles 7.1 57.4 176.6
Fuel Storage & Handling 3.4 12.9 32.4
Heating & Cooling 0.2 1.0 3.3
Engilne Tests 0 6.9 27.5
On~Airport Total 191.5 1105.3 2233.,7
Induced Growth
Alr Passenger Traffic 0 9.4 46.9
Employee Traffic 19.7 94.2 91.5
New Workplaces 0.1 0.9 2.1
Manufacturing Processes 0.2 1.8 4.2
Tnduced Growth Total 20.0 106.3 144.7
NEWAY AIRPORT TOTAL 214.7 1211.6 2378.4
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Oﬁly hydrocarbon emissions are prescnted here although the nltrogen oxlde
emissions totals can be found fn Appendix A. The AQMA in which Neway ‘
Airport is to be located used the Appendix J methed for determining the
required emission Teductions in the region; that method relies only on
hydrocarbon emission totals. The alreraft are the largest single source

of hydrocarbon emissions at the alrport in every year, The alreraft emisslon
factors were assumed to be the same in every year so the increase lg pro-
portional to the growth in traffic. The new FAA engine emission standards
were not considered appropriate for this airport since it is expected to

open before any notlceable fleet changeover to the cleaner englnes will occeur.
Of course, 1f changeover begins before the ten year pericd s up at the airport
emissions should then be recomputed to see Lf the actual value is less than the
forecast. The atate alr pollution control agency can use this information in

an update of the regilonal plan,

The aircraft emlssions represent 71% of the total due to the proposed :
project in Project Year 1, 77% in year 5 and 79% in year 10, Accesas traffic,
the on~site travel by air passengers, visitors and employees, reduces its i
relative contribution to total emissions by a factor of three over the ten
year time period, from 15% to 5% of the total ailrport 1IC emissions. Although
the number of person trips increases dramatically, several factors work against
this Increase: 1) more stringent emission controls reduce the composite
HC emission factor by B80% (see Appendix A); 2) the share of trips going
by transit increases sharply; 3) the vehicle load factor (peraons/vehicle /
trip ) increases for air passengers between Project Years 1 and 10, The
emissions due to induced growth, primarily due to VMT increases, are 9.4% !
of the total in Year 1, and fall to 6.1% by the tenth vyear in spite of a
sevenfold Increase in the magnitude of the emissions. The emissions due to aircraft
inerease by a factor of twelve, however, deminating the airport emissions growth.

Ground gervice vehicles bhecome a more significant emission source as the
alrport shifts to more larger alrcraft requiring more service time., No
emission controls are assumed for ground service vehicles., Tuel storage
and handling remains a fairly constant percaentage of the total; although
the quantity of jet fuel used increases by a Eacter of 24, the emisslons
increase only by a factor of 10. TIn the first year, 63% of the fuel storage

emissions are due to the aviation gas used for general aviation which
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represents only 1/24 of the amount of jet Ffuel used in that year. Again,

the large growth in alrervaft emlssions overshadow the emisslons growth from
this category., Heating and cooling is a relatively small seurce of emissions.
Engine testing becomes nearly as large a source of emissions as fuel

handling by Project Yeay 10, as the airlines arc expected to have extensive
maintenance facilities at Neway by then. In the first year, however,

no testing is expected to occur. Other emissions from maintenance facilities

were not itemized because (1) they are expected to be negligible in contrast

to aircraft and (2) it 1s difficult co determine at this early planning stage

the exact nature of these facllities.

3.1.3 PRegional Air Quality Plan

An attainment and maintenance plan has been prepared for the Moderp
City AQMA. The plan contains a base year inventory and forecasts hydrocarbon
emissions for future years. The state air pollution control agency used a
proportional reduction technique (Appendix J) to determine the total regional
emissions level reguired to comply with the NAAQS for oxidants, Thelr analysis
showed that a 21.86% reduction in total regional hydrocarbon emissions was
required between the air quality plan base year and the compliance year. The
state acecounted for New Source Performance Standards, the Federal Motor
Vehicle Control Program and adopted several regulations requiring retrofit of
existing emission sources to effect the required reductions. The final result

of the state agency's planning effort is given in Table 3.3

In this particular instance it happened that the plan's compliance
year coincided with the tenth year of the proposed new alrport's operations.
Thus, the forecascts from the ailr gquality plan need no interpolation to match
the analysis years far the airport project, because they were made at five
year intervals. Year 1 of the project was selected as the base year for
dutermining any correctilons to maxlmum emission levels specified in the plan,
This is allowable since the present 0ldfield airport has experlenced smooth
linear growth in emissions between the plan's lovenkory year awl the opening
year of the proposed project (Project Year 1).

The inventory is broken down into thirteen eatcegorles; only two,

automotive and aircraft, are of concern initially, The emissiens specified

for aircrafr are hased on the present 0ldfield Airport only. In the vegional
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Table 3.3 Summary of the llydrocarbon Enisslon Inventony
From Alr Quality Reglon Plan

Imissions (103 kg/year)

Project Year

Category 1 5 10
Gasollne Handling & Storage )

Bulk Storage 2252 2384 2490
Terminal Loading 848 901 927
Service Station Storage 159 159 185
Service Statlion Pumps 371 397 397
Power Plants 1695 980 1060
Refuse 270 270 270
Diesel and Shipping 3179 3258 3576
Industrial and Process Heating 2093 2119 2172
Drycleaning 260 260 260
Other Soclvents 10278 10437 10702
Miscellaneous Gasoline Engines 1007 1060 1139
Alrcraft 949 1144 1386
Total Automotive 56252 43139 37643
TOTAL 79613 66508 62207

Compliance

Emission
Level
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plan, emlsslons ware assumed to grow proportionately with the ailr trafflc;

no change in engdne emlsslon characteriscdes was antleipated, The only other
category of emissions due to the alrport that was considered in the repiopal
pian is access traffic, The automobile and bus trips to the Oldfiecld Airport

were Included in the reglonal vehlele-miles of travel forvecast.

The category of airport induced growth is also lncluded in the
regional plan. It is, of course, net categorized in that way; the region's
growth forecasts included the effects of alrport growth in the commerclal
and industrial secteors, It dis useful to polnt out here that it is not
necessary to total up separately the growth effects of the without-project
scenario as long as the induced growth tabulated for the wlth-project scenario
i1s net growth. In this test case, for example, the economlc benefits of
the preposed project (Neway Alrport) were computed by the consultant to the
airport commission. These benefits, including new jobs in the region, were
presented as a net increase In jobs, accounting for the relocation of some
commercial establishments and industrial fuacllities as the focus of air traffie
moved from 0ldfied to Neway Airport., The majority of emissions due to
induced growth can be related to the number of jobs created in the region
near the alrport, so the figures supplied in that comsultant's report
allowed a computation of the emissions due to the net increase in commerclal

and Iindustrial actlvity.

As several on-airport sources of hydrocarbon emissions are not included
in this inventory for the reglon, it is necessary to correct the base year
inventory by including these sources. The correction amount for the base
year, Project Year 1, is determined by adding together the emissions from
01dfield Alrport sources not now in the Luventory, as shown in Table 3.4.

In this instance, the correction amount is relatively small: 81 x 10 kg/yr
agalnst a regional total of 79,613 » lUBkg/yr in the origlinal inventory,

Its inclusion is still important from the airport gperater's viewpoint,
however, because the sllowable reogional emisslons will be slightly inereased,
mitigating the effects of growth.

It is then necessary to apply the reduction percentage, R, to the

correction term For the compliance year, Project Year 10. As noted above,

the value of R over the ten year perlod is 21.86%. The arount added to the
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v Table 3.4. Detailed Adrport Emission Inventory
in Base Year Without Project

Category ' NC Emissions (10% kg/yr)

Afrcraft 949

L Alrport Won-Aireraft Already
in Inventory
=~ Access Traffic 100

Alrport Non-Afreraft Not
in Inventory

- Ground Service Vehicles 60
L ~ Fuel Storage & Handling 11 :
: - Heating & Cooling 1.5 i
¢ -~ Engine Tests 8.2 !
Induced Growth? 0 f
TOTAL 1130 [
i
TOTAL NOT IN INVENTORY 81 i

“Growth induced by Oldfield Airport is included in reglonal growth
projectiens; only the net inecréase due.to the proposed project will be
considered in the analysis.
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regional desired emisgsion level to include the previously unacecounted emission

sources, In the tenth year, is determined by

A 0= (Base Year Correction) (1-R/100)
= (81 x 10° kg/yr) (1-0.2186)

= 63,3 x 103 kg/yr.

1

The value of the correction term for Project Year 5 is found by simple
linear lnterpolation between ycars 1 and 10. These results are summarized
in Table 3.5. The numbers in the column headed "Total from Plan" are the
reglonal emission totals From Table 3.3, These plan-specified values are
increased by the increment In the next ecolumn, which was computed‘aboée.
The figures in the last column, headed "Desired Emission Level'; represent ;
the total desired emission level for hydrocarboas for the region, corrected
for several previously overlooked airport emisslon sources. These are the
totals that cannot be exceeded by the region (Modern City AQMA) 1f the new
alrport ia built. The desired emission level for PY 10 should guarantee
the attainment of the oxidant NAAQS if Appendix J is valid in the reglon.

3.1.4 The Decision to Require Balancing

The regional desired emission level can be compared to the emlsslons
that would result 1f Neway Alrport were completed., Table 3.2 presented
the hydrocarbon emissien inventory for Neway Alvpert. In Table 3.6, these
data plus the cmissions from 0ldfield while Neway is in operation - the
with project scenaris - are presented. The firsc item, "Remainder of
Roalony 1s the sum of all tha emissicn categories on Table 3.3 execept
aircraft. This 1g unchanged as a result of the project. Included in this
total are the emissions due to access traffic that would occur if the project
were not built. Thus the "Airport Non-Alreraft' category ineludes all
non~aireraft airport emissions due to Neway Alrport, including for access
traffic only those emissions duc to access traffic In excess of levels
previuusly expected [or OLdfleld. The fraction of the access traffic indicated
on Table 3.2 that is considerad new traffic in Project Years 1, 5 and 10
is 0%,8.1% and 34.6% rospeetively. These numbers were derlved by comparing
the number of vehicle trips expected under the with (Neway) versﬁs the without

(01ldfield only) project scenariss. Although the passenger trafflc increase
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Table 3,5, Modification of Desired Emission Level for Each Project Year

Total a Desired
Project Year From Plan ' Increment Emission Level .
1 79613 81.0 719694
5 66508 ﬂ%@i 66580
10 62207 63.3 62270

aAccounts for existing emlssions not inéluded in original State plan and
found in this analysis using a more detailed airport emissions inventory.

bL:Lmaf;u: interpolation
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Table 3.6, PRagional Hydrocarben Emission Inventory
Including the Propeswd New Airport

¥iisalons (103 kg/year)

Project Yoar .

Category 1 5 : 10
Remainder of Region® 78664 65364 60821
Alrcraft

0ldfield Alrport 753 210 18

Neway Alrport b 150 934 1886
Alrport Non-Aireraft

0ldfield Airport 65 19 0

Neway Alrport 31 240 460
TOTAL 79663 66767 63185
Desired Emission Level 719694 66580 62270
Exceas Emissions ~31 187 al5

Byneludes all source categeries in regional inventery (Table 3.3) except
aircraft.
bInr;ludt:rs 211 induced growth, ground service vehicles, fuel storage, heating,

engine tests; includes new auto access trip emissions for each yeaxr (0%,
64.8%, and 73.5%, respectively, of the amounts shown en Table 3.2 for Access

Traffic).
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is actually greater than that for Years 5 and 10, a sipnificant Fractlon

of passengers are expected to use the new rapld rail c;mnectiun to the
airport. However, new trips alone de not account for all of the difference
in access traffic emissions; dn PY5,for example, only 8.1% of the enissions
are from new trips, while 64.8% of the emilssions on Table 3.2 are due to
Neway. The pgreater length of the trips on the Neway Airport site, compared
to the 0ldfield site, must also be taken inte account, For the number of
trips alreedy expected to be made by alr travelers, the on-site trip length.
more than doubles. Thus in Projeect Year 5, 55.5 x 103 kg of HC emissions
are due to Neway, in excess of the 37.7 x 103 kg forecast for Oldfield with-
out the new airport being built. In Project Year 10, 75.5 x 103 kg of HC
emissicns are due to Neway. The emissions shown for afrcraft reflect the
split between the two airports as described earlier. The totsl for Neway
aircraft emissions 1s taken from Table 3.2. The totals for 0ldfield Airport
were computed separately, reflecting the transition to & general aviation
alrpoxt over the ten years. In the flrst year, the total emissions due

to ailveraft are less than the amount thatr would occur if the project were not
built; this 1s due to the relieving of congestion at Oldfield becanse of the
shifting of some traffic to Neway.

The comparison batWeen the total reglonal emissions expected with
the project being built and the desired emission level from the regional air
quality 'plan can now be made for each project analysis year. The desired
emission levels, computed on Table 3.5, are projected to be exceeded in
Project Years 5 and 10. Emission reduction strategies must be found, starting
by Project Year 5, to offset these proposed inecreases due to the nav alrport,

or a permit cannot be granted.

3.1.5 Balancing and Trade—-Offs

As shown in Table 3.6, the proposed project causes the regional
emissions total to exceed the desired emissions level Iin Project Ysars 5
and 10. Following the balance sheet technlque, it 1s necessary to find
emission trade-offs equal to or greater than the expected excess emlssions,
either from the ailrport or somewhere else in the regien, fer those years,
The first place to look is at the airpart sources. In the fifth year,
the most significant source is alreraft, folloved by on-ailrport access traffic

and new traffic outside the airport due to new air passengers and employces
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in the area (see Table 3.2). The afrcraft eaissions are affected by the engine
chavacteristies - not changeable until the fleet changes over - and by operating
characteristics such as taxding time, The lacter is not a very promising

area, as the Neway Adirport is laid out to minimize the taxi time for large

jets. Tha auto traffic emissions from all three sources can be affected

only by elinminatlng traific, since the Federal Motor Vehiecle Control Program .
has already been taken into account., As a significant mode split to comnuter

rail is included in the auto traffie estimates, this path also is not

promising.

So in this instance, the cff-alrport sources for emission trade~offs
look more promising. By examining the reglonal air quality plan, several
strategies appear relevant. The first, sufficlent to negate the excess
emissions of Project Year 5, involves dry cleaningz solvents. Currently,
reactive hydrocarbon solvents are used. The use of non-reactive hydrocarbon
solvents can essentially eliminate all the emissions now expected from
dry cleaning, 260 x 103 kg/year. For Project Year 10, this strategy aione
is nor adequate, since the excess emissions total 915 x 103 kg /year.
Examining the inventory leads to several conclusions: 1) automotive,
gasoline handling and storage are already controlled to the maximum practi-
cable level in the plan; 2) power plants cannot be controlled furthex; and
3) except for solvents the other sources are relatively small and it is diffi-
cult to find contral strategies. Thus, the category of Other Sclvents has
the greatest potential for this AQMA. Detailed‘examination of the source-
by-source inventory yields the fact that just about 9% of the solvent
emisslons are due to surface coating facilities (painting, varnishing, etc.).
Requiring the use of activated carbon adsorbews at these facilities could
be %0% effective in reduecing hydrocarbon emissions. Requiring the adsorbers
on surface coating facilities would yileld a trade-off of B&7 x 107 kg/year.
The two strategies added together - use of non-reactive dry cleaning solvents
and control of surface coatlpng emissions - yield an emission trade-off large
enough to balance Lhe expected excess anissions in Project Yeaw 10. These
results are preseated in Table 3.7.

In determining these strategies for emission trade-offs, it is

essential to have deralled knowledge of exactly what is fncluded in the

reglonal air quality plan. The nature of the pellutant sources and the
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Table 3,7. Strategy for Trade~offs

Project Year

Excess
Emissions
(103 kg/year)

Trade-of £g
{103 kg/year)

1

3

10

None
187 260
915 260

867

UIse of non-reactive solvents
in drycleaning.

Use of non-reactive solvents
in dry cleaning.

Use of activated carbon
adsorbers in surface coating
facilitles.
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strategies already used In the rvegiconal plan varies from one alr quality
reglon to anothar. This test case alse demonstrates the significance of the
traffle induecced by the alrport as an emlssion source., Even where a commuter
train 1s avallable, auto trafilc levels are still high. Especially in the
later analysis years, as other cmission sources in the region are controlled
so 05 to slow or reverse growth in emissions, the alrport as a whole begins
to grow in significance as a regional scurce of hydrocarbon emissions. In
this case, the airport grows from 1.2% to 3.8% of the reglonal total. Alrcraft
accounted for 85% of the on-airport inecrease between Project Years 5 and 10,
while induced auto traffic accounted for 90.6% of the inerease in induced
growth, For years beyond the compliance year (Project Year 1), the new
aircraft engine emlssion standards will be important in keeping the region

below the compliance emission level.
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3.2 MODIFIED AIRPORT TEST CASE

3.2.1 Description of Proposed I'roject

This test case demonstrates the application of the balance shect tech-
nique for a proposed modification to an exlsting airport in an oxldant non-
attainment area. The data for the airport and for the region are based on
acrual aivcraft activity and alr quality daca but have been wedified for
purposes of lllustration. The discussion will focus on the balaneing daci-
sion in this application of the technique to a propescd modification of an
existing airport, following the procedure of Section 2.

The Metro Airport in the Green Apple Air Qualicy Maintenance Area
(AQMA) 1s anticipating a larpge increase in traffic within the next several
years. To accommodate this growth, the airport commission feels that a new
jet runway is needed. There 1s adequate space at thils alrport to build a runway,
A long runway is needed (12,000') since much of the growth in traffic will
come in the form of more large jet operations. It is felt that the terminal
and parking facilities are adequate to handle the passenger load since the
terminal building was expanded a few years ago in anticipation of more rapid
growth than has actually occurred in the interim. The traffic forecasts for
the ten-year analysis period, beginning with the opening of the runway to
traffic, are presented in Table 3.8.

Table 3.8. Forecast Aircraft Activity
at Metro Alirport

Project Year 1 5 10

Air Carrier
Operations
(10%) 483 577 671

Alr Carrier
Passenger
Enplanements
(10%) 15 20 25

Given the 188 x 103 increase in air carrier operatlens, and the 20
million Increase in passenger wovements (enplanements and deplanements), it
can be scen that thils projeet 13 subject to review under the eriterla. An
Increasc of 50,000 annual air carvier operations or 1.6 million annual passen-

gers is sufficlent to quallfy for pre-constructlon review.




80.

3.2.2 Emissions Due to the Propoused Project

Metro Alrport proposed a simulation model of 1ts current operations,
The madel simulated aireraft operations in detall for a typlceal day, comput-—
ing the aireraft and ground serviec vehicle emisslons of HC and NOX hour by
hour, Flve other on-site sources of emissions were included, using detalled
data collected for current acrivities to determine the emisalons Erom these
sourcea {access traffiec, fuel storage and handling, engine tests, heating,
miscallaneous). Starting from this filnely calibrated simulation, the alrpert
had litele difficulty in forecasting cmisslons for the higher levels of traf-
fic expected when the new runway is completed. All the activity levels were
based on aircraft operations and passenger movements, using relationships
(e.g., visitor/passenger ratios, access vehicle load Factors) derived from
current patterns. The induced growth sources wvere forecasat for the analysis
perled using relationships between aircraft and passcnger activity levels and
reglonal employment developed specifically for Metro Afrport. Studies of
currant land use patterns provided an excellent data base for these relation-
ships. As Metro Airport is already a very busy airport, it is felt that the
land use patterns in the reglon are fairly scttled; no majlor intra-regional
shifts will occur. Rather, growth attracted to the region because of the afr-
port will locate Iin the same pattern as existing land uses, The new hotels

will be buillt near the existing ones and so on,

The summary of the HC emissions expected at Metra Alrport if the pre-
ject 1s completed is presented in Table 3,9. The details of these computa-
tions may be found in Appendix B, including references to the simulation medel
used. The AQMA in which Metro Alrport is located used the Appendix J method
for determining the required emission reductions for attainment of the oxidant
alr quality standard; for thils reason, only the hydrocarbon emission inventory
is included in Table 3.9. The NDx inventory Is included in Appendix B, how-

aver,

The computations of aircraft I emlssions assumed thag the entire fleet
will meet the new cngine emission standacds proposed by FAA,  in Project Year
10. In Project Year 1, all of the [lcet 15 expected to use current engines,
as characterized in U.S. EPA's Report AP-42.24 By Project Year 5, roughly
half of the fleet will be composed of aircraft having the newer, cleanar en-

gines. This assumption on the part of the airport is a crucial one In this




Table 3.9. Detailed Metro Alvpoert Hydrocarbon Fiission

81.

Inventory With Troposed Project

Emissions (10° kg/vear)

2T M R T e S R |

\ Project Year
; Category 1 5 10
: Aircraft 1520.3 1533.2 1546.0
o Access Traffie 196.1 204.6 213.2
, Ground Service Vehicles 306.8 369.4 432.1
: Fuel Storage and Handling 397.7 470.6 543.4
: Heating and Cooling 0.8 0.8 0.8
L Engine Tests 36.1 21.6 7.0
Miscellanvous 6.7 8.1 9.5
1 On~Airport Total 2464.5 2608,3 2752.0
:: Induced Growth
; Air Passenger Traffic 59.2 g82.2 131.3
i Employee Traffic 138.0 152.6 160.4
b New Workplaces 0.1 0.9 2.1
Manufacturing Processes 0.2 1.8 4.2
Induced Growth Total 197.5 237.5 369.9
TOTAL DUE TO AIRPORT '
WITH PROJECT 2662.0 2845.8 3121.9
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analysls, Alrcvaft arc responsible for 57.1% of the emlsslons in Project
Year 1, yet they drop to less than 50% of the total in Project Year 10, ac—
counting for only 3.6% of the overall increase in airport emissions over tliat
rime peried. Glven the 39% dincrezse In jet aircraft operations, only the
assumptlon of clean engines in Project Year 10 keeps the total airport emis-
slon growth so low {17.3%), 1f the flect changeover does not occur at the
rate projected by Metro Alrpert, considerable recalculation and recansidera-
tlon would be called for. The potential error in the emissions foreecast due
te an underestimating of aircraft emissions is at minimmm 570 x 10° kg in the

tenth year, or nearly 20% of the airport total In that year,

Ground service vehicles are another large source of HC emlssions. The
emissions increase 417% over the analysis peried, growing from 11.5% to 13.8%
of the airport total. Thus the increase in emisslons is parallel with the
40% increase in jet operations, since the emission factors for ground service
vehicles are assumed not to change over the ten years. The relative share of
the alrport total increases for ground service vehicles as aircraft emissions

reduce their share of the total.

The on-silte access traffic i1s also a relatively large source of HC
emissions, These emissions increase very little (1.7%) over the ten years,
Although vehicle miles of travel inereases proportional to the passenger move-
ments, the composite emission factors for automobiles are lowering each year
tending to negate the effect of the inereased VMI. As a result, access traf-
fic emissions become a less significant source from project year 1 to year 10
(7.4% to 6.8%). Fuel storage and handling is the other major HC emission
gource on the alrport slte. As fuel needs are directly proportional to air-
eraft operations and the fuel emission factors are congtant over the ten
years, fuel emissions increase nearly 37% over the analysis perlod. Thelr
share of the airport total also increases, from 14.9% to 17.4%, again because

alreraft emissions are nearly constant and omissions from fuel are increasing.

The remalning on-airport sources of HC enissilony account for less than
2% of the total in any year. The heating needs are not expected Lo change
since 'the terminal size will not change. The englue test emlssions actually
decrease over the analysis period, even though the number of engine tests will

increase along with operations, becausc of the new elean engines which will be
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tested in Year 18. The miscellaneous sources Ineclude refuse incilneratfon and

various airline maintepance faeilities that countribute from 0.2-0.3% of the
annual total,

Induced growth increases its share of the alrport total from 7.4% to
11.9% over the ten years. The emissions increase B7Z over that time. The
growth is due wainly to the vehicle miles of travel due to new alr passenpgers
and employees at new off-site jobs. The airport's importance in the region's

economy is demonstrated by the growth attracted te the region on its account.

3.2.3 Regional Alr Quality Plan

Green Apple AQMA has prepared on attainment and maintenance plan for
the oxidant air quality standard, as it is a non-attaimment area for oxidants.
There is available an inventory of HC emissions for the base year of the plan
with forecasts until five years beyond the projected compliance year. A sum-
mary of the plan is presented in Table 3.10. This plan called for a reduction
of 7.64% din HC emissions between the plan's base year and the compliance year,
The region is falrly close to compliance at the start of the ajirport's ten~
year analysis perilod, as indicated by the relatively low percentage reduection
needed to achieve the oxldant NAAQS. Note that the years are indicated In
tarms of the proposed project's analysis years. The compliance year for the
AQMA happens to occur in the third year of operation of the proposed new run-
way. The year five years before compliance (3 years before the project) is
the baseline year for the air quality plan. Project Year 1 will be used as

the baseline for any correctlons to the inventory, however.

In the regional alr quality plan, the alrport was expected to grow by 25%
over the ten years, since its physical facilities limited 1ts growth. With the

proposed runway, however, operations growth of 40% 15 expected. The new engine emis~

sion standards were cxpected to be In effect. These assumptions led to the
amounts noted in Table 3.10 for aireraft emissions. The on-airport categorles
of heating and cooling and access traffic were also included 1n the regional

plan, in the apprepriate source categories.

As the projeet's analysis vears do not mateh the plan's analysis time
frame, it 1s necessary to interpolate the roequirements of the plan to matel

the project's analysis years. Tn Table 3,11, the interpolatlon is shown,
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Table 3.10. Sunmary of Hydvocarbon Emissfon Inventory
From Regional Alr Quality Plan

Emissions €10} kg/year)

-Project Year

Emissions Level

3 years 3
Category before project {Compliance Year) 8
Gasoline Handling & Storage
Bulk Storage 2252 2384 2384
Terminal Loading 848 901 901
Service Station Storage 159 159 159
Service Station Pumps a7l 397 397
Power Plants 1695 980 980
Refuse 270 270 270
Diesel and Shipping 3179 3258 3258
Industrial and Process Heating 2093 2119 2119
Drycleaning 260 260 260
Other Solvents 10278 10437 10437
Miscellaneous Gasoline Engines 1007 1060 1060
 Alreraft 1534 1474 1474
Total Automotive 46252 41139 41139
TOTAL 70198 64838 64788
Compliance
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Table 3.11. Interpolation to Campute Plan Requirements
in Projeet Years 1, 5, 10

" HC Emissions (10° kg/yenr)
‘ Project Year
’" Category -3 1 3 Sb
Rest of region® 22412 22300 22225 22225
Autonmotive 46252 43184 41139 41139
Adrcraft 1534 1498 1474 1474
TOTAL 70198 66982 64838 64838

aCategories "Gagoline Handling ond Storage" through "Miscellaneous Gasoline
Engines" on Table 3.10.

,rq bSince compliance is reached in Project Year 3 and forecast in the plan te
i Project Year 8, the plan requirements for Project ‘[ear 10 are assumed to be
o the same as those indlcated for Project Year 3.

i
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Tha data from the plan, in the columns headed Project Year -3 aond Project
Year 3, are taken from Table 3.10, The data for I-‘mje.ct Year 1 ds n slmple
linear interpolation betwaen them., Project Year 5 repeats the requirenents
of Project Year 3, sinca compliance was forecast out to Project Year 8.
Project Year 10 1s assumed to be the same as Year 5, since the regional plan

stops at Year 8.

~ In Table 3.12, the HC emission Iuventory for Metro Alrport for Project
Year 1 without the runway being bullt is provided. It 1s necessary to compute
these emissions since the reglonal air quality plan does not include all of
the relevant sources, as noted above. In the tahle, all of the HC emissions
estimated from each of the on-alrport sourccs are listed in the firsat column.
The next two columns distinguish the emission source categorles that were in-
cluded in the plan fram those that were not. The total from the third column,
730 x 10° kg/yr, represents the total amount of emlssions not accounted for

in the original emissions inventory.

This amount {730 metric tons) must now be included in the reglohnl
emlsaions, and reduced by R = 7.64%, the required regionzl emission reduc-
tion. The reduced amount is added to the compliance year emlssion level,
yielding the corrected compliance emission level. The results of these com-
putations are presented in Table 3.13 for the airvport project's analysis
years and for the reglonal air quality plan's compliance year, The same
amount is added to the plan's totals for Years 5 and 10 as for the compli~
ance year, since compliance is forecast beyond the cempliance year. The totals
in the third column represent the emission levels that cannot be excecded in each

year 1f the plan is to be adhered to and the oxidant NAAQS to be met,
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Table 3.12. Detailed Alrport Emission Inventery for Base Yiar®
(without project)

(10° kg/yvear)

:: Actual HC Extra Emisslons

; llydrocarhon Emissions Due to Detailed

oL Category Emissions in Plan Inventory

: Alrerafe 1498.4 1498.4 0

: Heating and Cooling 0.8 0.8 0

f Access Traffic 166.7 166.7 0

Ground Service Vehicles 302.4 0] 302.4
Engine Tests 35.6 0 35.6

Fuel Starage and llandling 392.0 0 392.0

P Induced Growth® 0 0 0
Alrport Total 2395.9 1665.9 730.0

i aPro:ject: Year 1

i . Table 3.13.

bImclu.lcim:l elsewhere in the regional inventory.

Modification of Desired Ewmission Laevel
for Each Project Year

s, 1

e

Total Desired
Project Year from Plan Increment Emission Level
66982 730.0 67712
3 (Compliance 64838 674.2 65512,2
year in plan)
5 64838 674.,2 65512.2
10 648138 674.2 65512.2
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3.2.4 The Declsion to Require Dalancing

Given the desived emission luvuy for the region for each analysis
year, Lt can now be determlined whether these desired totals will be exceeded
at any time as a result of the alrport madificatlon, In Table3.l4, the
emission inventory for the replon with the project is presented year by year.
Only the airport sources are broken out, since they are the only ones that
have changed at this point in the analysis. The Alreraft and Alrport Non-
Alrcraft categorics include only theose emlssions not already eounted in the
Remainder of Region category. That is, no aircraft emissions are included
in the Remainder of the Region; they are all counted in Aireraft. The heat-
ing and access traffic emissions already in the Remainder of the Reglon cate-
gory are not in the Airport Non-Aireraft category. Referring to Table 3.8,
the Alrport Non-Aireraft category includes all tha source categories except
aircraft, heating and cooling, and 85% of the access traffle emlssions,

The totals shown in Table 3.14 represent the emissions that would occur in
the reglon if the project were bullt and no other changes in emissions occurred.
These totals when compared with the desived emission level in each year yield
the excess emissions. In thils test case, there arve excess emissions in every
analysls year. If the project is to be huilt, then reductions in HC emis-

sions must be found in the regien to offset these proposed lncreases.

3,2.5 Balancing and Trade-offs

Emission reductions greater than the excess amounts shown in Taﬁle 3.14
must be found from some source of HC emissions in the region. The first place
to examine in this case 1s the airport itself. There are saveral aspects of
the airport's design and operation which lend themselves to improvements that.
would reduce emissions. Metro Airport is poorly laid out from the perspective
of minlmizing taxi and 1dle time. Thus a strategy te rveduece airerafe emis-
slons by lessening idle and taxi emissions could be Eruitful, Towing air-
craft, in place of taxiing, meets this uced. The simulation model was used
to determine the maximum emigsion reduction possible by complete conversion
to towlag. In the first year, a reduction of over 1300 x 10% kg/yr is possi-
ble. But 2 reduction of only 266 x 10° kg/yr is needed in that year. The
ailrport might then introduce towing slowly, requiring one-third of the opera-

tions to use it, By the [Lfth year, howover, all operatiens will need to use
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the Propesed Alrport Modification

Hydrocarhon #mission Inventory Including:

Cmissions (10° kg/year)

Project Year

Category 1 5 10
Remainder of Regilon® 65484 63364 63364
Alreraft 1520 1533 1546
Airport Non-Alrcraft® a74 1138 1434
TOTAL 67978 66035 66344
Desired Emission Level 67712 65512 (5512
Excess Emissions 266 523 832

%gum of first two categories on Table 3.11.

Includes induced growth; excludes airport emisaion
amounts already in "Remainder of Region" (1.e., heat-

b

ing at alrport, access traffic at without-project

levels).

-k

A e
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towing to achieve suffielent reduction in emisslons to trade-off against tha
propoescd Increase of 523 x 10? kgfyr. In the tenth year, the effect of the
lowered englne emlisslon standards is such that only 60% of the necessary cmission
offset can be found through the use of towing for all operatlons. An additional
strategy is required in this year. Even though jet fuel (JP-3) i1s net very vola-
tile, a large reduction in emissions can he achieved by using floating roof
instead of fixed roof tanks for storage. The new floating reof tanks elimi-
nate just about 75% of the emissions of a fixed roof tank. This stratepy

then would yield a reduction of 346 x 10° keg/yr In HC emissions. The two
strategies together, towing and the use of floating roof tanks, will create

a large cnough reduction to tyade~off against the increase due to the higher
traffic levels, These strategics are summarized on Table 3.15; detalls of

the towing strategy ave presented in Appendix B.

This test case Illustrated the large effect that on-airport strategles
can have. Again, the need for careful computations is emphasized. Detalled
knowledge of the airport's operation is essential in identifying on-airport

emigsion reduction strategles.
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Strategy for Trade-offsy

Excess
Project Emissions Trade-offs
Year (10? kg/year) {107 kg/year)

1 266 442,5 Usc of tow vehicles in place
of aireraft taxiing {for one
third of the operations)

5 523 579.6 Use of tow vehicles in place
of aircraft taxiing

10 832 495.5 ‘Use of tow vehlcles in place

of aircraft taxiing

346,42 Use of floating roof tanks
for jet fuel storage

835% of fuel storage emissions due to jet fuel; 75% emisalon reduc-

tion due to new tanks.
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3.3 CGONCLUSIONS

There are several issues brought ocut by these taest cases, using the
balance sheet analysis technique for a proposed new airport., They lnclude:
1) The necd for a firm understanding of the growth assumptions

included in the reglonal air quality plan and in particular
Just what rates are assumed for various source categories.

2) The impertance of an accurate accounting of the emissions from
induced growth sources since induced growth, conservatively
estimated In these test cases, cantributes 5~10% of the airport
total,

3) The problem of double counting airpert sources vhen computing
the base year correctlon term.

&) The importance of having a line-by-line inventory for the air

quality region in defining trade—off strategies.

The application of the technique was straight-forward. The problems
arose generally in the need for a strict accounting of emissions and
correspondingly good data regarding the regional air quality plan and the
airport emissions inventory. The mismateh of analysls years between the
alr quality plan and the project poses no problems - only additional
computation to determine the air quality plan's requirements for the project
years. The computation of any corrections to the inventory deserves careful
attention, however. In doing the test cases it became clear 1) that
the inclusion of previously uncounted emlssions from alrport sources must
be added in the air quality plan base year, and 2) that the additional
amount must be reduced by the regional emisslion reduction percentage, R.

If growth in airport emissions has been linear between the air qualicy

plan base year and project year 1, then the project year inventory for the
without=-project scenario could be used. However, the correction amount
must still be reduced by R in the compliance year, even though the time
between project year 1 and the compliance year 1s less than the time
between the air quality plan base year and the compliance vear. %The amount
of the reduction specificd by a proportional reduction method such as
Appendix J 1s independent of the perdiod of time chosen by the air pollution
contrel agency to effect that reduction and as such the full reduction

must be made.
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4. HIGHWAY TEST CASES

4.1 TEST CASE 1 -~ SHORELINE FREEWAY COMNUECTION

4.).1 Pescripeion of Propoesed Project

For this test case, a major link in the downtown portion of the highway
natwork of a medium sized metropolitan area is proposced for construction.
A 4.1 mile segment, 6 lanes for most of 1ts length, will conneck two frceways.
This link in the highway network passes through the central area of the city.
A sketch of the proposed construction and the study aresaz i8 included in
Fig. 4.L. The study area was defined by the highway planners as that area

which would contaln the traffic increases or decreases brought about by
this new freeway segment.

The traffic changes that might be brought about by the completion
of this freeway link can be measured either in terms of the additioaanl

capacity using average dailly traffic (ADT) or in terms of the additional

trip mileage using vehicle miles of travel (VML) as a measure. The traffic

levels with and without the project were forecast using a trafflc assignment

model. A traffic assignment model assigns the trips from the trip interchange

matrix to a particular network of freeways and arterials using either a

capacity-rastrained or free assignment algerithm. The trip interchange

matrix was 1tself generated from other planning models. The matrix contains

the number of trips between every pair of zones in the reglon under study.

The zone is the basle element in the highway demand modeling process, sinee

all measures of activity are specified for each zone. Zones are smaller

in area in densely populated portions of the study area, and become very

large (4 sq mi) as the populatlon thins out. In this particular test case,

the entire study area is densely populated, as only the central portion

of the urban area is included in it.

To analyze the effects of the new link on thae network, several runs

of che assignment wmodel were made. Flrst, the ADT and VMT were determined

for the situation in whileh the proposed link is not completed — tha no-build

or do-pothing alternative. The, using the same trip interchange matrix,

the ADT and VMT were determined for several with-project alternatives. The

alrernatives differ mainly in the exact path of the roadway {with no significant

differences in length) and the number of interchanges along the new link.
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Only one altevnative is presented herc. The resules of these traffic

assignments are presented in Tabla 4.1,

Table 4.1, Test Case 1 - Highway Trafiic Measures

ADT yMT©
Project Year 1 5 10 1 5 10
Option
No Build a
Sereenline 1 0 v} -0 1,691,124 2,113 905 2,325,292

Screenline 2° 20,960 26,200 28,820

Build

Screenline 2° 20,960 69,700 76,670

Sereenline 1? 0 68,300 75,130 1,752,182 2,190,352 2,409,383

®Sauth of bridge on Fig. 4.1
bAt bridge on Fig. 4.1
CFor entlre study avea on Fig. 4.1

By inspection of Table 4.1, it can be scen that the proposed project
is subject to preconstruction review under the criterion of a 50,000 increase
in ADT over ten years, starting from the opening date of the project (Project
Note that the ADT for Project Year 1 1s the same for
The gstarting point for the pgrowth forecasts

Year 1 on the tabla).
the builld and no-build options.
is taken to be the no-bulld traffic levels, since by the end of even the first
year of the project a large increase in traffic over the no-build optien will

ocour.
Some discuasion cof the source of these ADT and VT osotimates is

The transportation forecasting tools used in the study are

appropriate,
The demand fer

tailered for highway capaelty purposes, not impact analysls.

trips was forccast for one year—project year 5 in thils case. 'The fraction

of trips by highway, as vell as the trip interchapge matrix, were then caleulated

using standard models. The traffic asslgoment using the existing network

cepml L
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indieated deficiencies in this "no-build" network. Varlous "build" stLrategles

were examined by inputting the same set of highway trips to the assignment model :

+ but with an improved network. As the project stavt-up date is five years i

before the year of the point forcceasts assumptions of growth before and
after the forecast year were made: 0.8 of PY5 in PY1, and 1.1 of PY5
in PY10.

The diffaerences In VIT must be very small as a rasult of this
process, regardless of the size of ADT changes in any corrider. The additon
of capacity serves the forecast traffic; increases in WMT (3.6% in this case) |
rasult from serving all the forecast trips by lifting the capacity limitation
and, to a smaller extent, result from trips shifted into the proposed roads |
from other roadways. Thla method of analysis is adequate for highway capacity i
purposes because it does successfully ildentify the places in the network A
vhere additional capacity will be needed. Certain defieiencles in this
method can be identified for impact analysils purposes, however, especlally
including the inability of the exidsting standardized transportation planning
patkage to predict travel due to growth induced by the additon of the

highway link. |

4,1.,2 Emissionsa Due to Project

The decermination of HC emissions due to the proposed highway project
reliss on the results of the traffic assignment model (VMI and average speeds),
using the emlssion factors of EPA's Supplement 5. The emissions of concern
are those due to Eraffle on the proposed roadway and any ether craffic in-
creases in the study area, during the ten year analysis period. Tt is
essential to capture all VMT increases and speed changes that result from
the praposed project, including induced traffle. The study areca Indicated
on Fig, 4.1 includes all segments of the nerwork which are expected to show
any VMT changes or speed changes ns a result of f;he praject, according to
the transpetation planners. Using current transporiatlion planning methods it
is difficult, howaver, to idantify inereases in VT due to development
attracted to the area on account of the facility. It is probable that the

VMI used is an underestimate of what will occur.

A summary of the HC enmissions for the build and no-bulld optilons

is presented in Table 4.2.
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Table 4.2. 1IC Emissions for Study Area for Test Caoe 1

(103 kg)
Project Tear
1 10
Daily Annual Daily Annual
No Build 6.72 2452 7.88 © 2878
Build® 6.90 2518 ' §.11 2961

aAssuming traffic increases in openinp year.

It must first be pointed out that the apalysis that produced these emission
totals presumed an increase in traffic in the first year of the project,
aceounting for the difference In emissions for the two situatlons in the

fitst year., This 1s in contrast to Table 4.1, where this Increase was not
ineluded in the ADT figures (although it was iIncluded in the VMI) to demonstrate
the computation of the ADT change in determining whether the project is

subject to review.

If it is assumed that the project was neot included in the regional
air quality plan, but that the VMT, and therefore emissions, growth without
the project were included, then the difference between the with and without
preject écenarios is the main concern. In the tenth year, the increase in

annual HC emissions due to the project is 2.9% of the no-build scenario,
or 83 x 103 kg annually,

Compared to regional annual HC emissions on the order of 40,000 x
103 kg (see Tables 3.3 and 3,10), this difference is incensequential. The
small increase is a direct consequence of the small lnecrease in VME due to
the project. The emissions Increcase of 2.9% is less than the 3.6% increase
in VMT because of the decreasing automobile emission facters over the analysis

period and alse due to higher speeds on some roadways,

A reglonal emlssions analysis is not in order, given the small change
in emissions. However, a discussion of the sensitivity of the HC emlssions
forecast to possible errors in the VHT forecast 1s in order as current

transportation planning methods are constrained in certaln aspects crucilal

to alr quallty impact analysis.
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4.1.3 Seasletivity of HC Emission Forecasts to VMI Torecasts

If the VMNT forecast for this project is indeed correer then 1t appears
chat no balancing analysis need he donc. Let us examine, however, the effect

of arrors in the increased VNI, due to the project, on JIC emission forecasts.

Focusing on the tenth project year, the relevant data are summarized

in Table 4.3 below.

Table 4.3. Project Year 10 Data for Highway Test Case 1

No Bulld Build

ADT

Screenline 1 0 75,130

Sereenline 2 28,820 76,670
vir (207 mi) 2,325.29 2,409.38
HC Epissions : 2,878 2,961

{10” kg/year)
4VMT due to project - 3.6%

If no significant downward change in the distribution of speeds is assumed
to occur and various magnitudes of error in the forecast of VMI due to the
project are selected, the following is the effect on the absolute increase-

in HC emissions in the study area:

Increase in

Increase in VAT HC Emissions

Due to Project (1063 kg/yr)
3.6% . 83 (Actual forecast)
7.2% 188

36.0% 1012

I
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An error of a factor of 10 in the forecast of vehicle miles travelled,
a relatlvely small ervor with respect to the highway eapacities, yields a
slgniflcant change dn the emissions picture. An iIincreasc of a thousand metric

tons of HC emissions is not te be ignored, from an air quality perspegtive.

4.2 TEST CASE 2 - URBAN INTERSTATL CONNECTION

4.2.1 Description of Proposed Project

The secend proposed highway construction project is the completioh
of a major interstate highway through an urban area. The proposed link will
be 10-15 miles long, depending on the selection of the best route locatioen,
with six lanes for most of its lenpth. A sketch ef the proposed project
(Fig. 4.2) illustrates the two possible paths through the urban area (they
are labeled 2 and 7).

The effect of this proposed link was modeled by the transportation
planners in the same manner as the first highway test case. That is, the
various route locatlon alterpatives were input to the traffic asslgnment model,
using the same trip interchange matrix in each case. The alternatives numbered
2 and 7 seem to the transportation planners to be more desirable on several
counts than the others proposed; so this review focuses on those two alterna-
tives. Both go through heavily developed urban areas. The study reglon
includes all roadways whese traffic speed or volume would be affected by the

new route, A summary of the traffic levels with and without the project is

presented in Table 4.4.

Table 4.4. Test Case 2 = Highway Traffic Measures

ADT VMT Uﬂsmﬂeﬂ
Project Year Project Year
1 i0 1 10
No-Build 24,000 31,000 24.0 29.9
Alternative 2 54,000 68,000 24,4 30.5

Alternative 7 97,000 127,000 24.6 30.7
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This project qualifies for review as an indirect source, as seen by
the increase In ADT of 103,000, undey Alternative 7 over the ten years. The
increase in ADT shown for the first preject year for the two build options
16 reflective of the linecar prowth assuuptions over a twenty-year perlod that

are the basis for these foreecasts (Project Year 1 1s the tenth planaing year).

4,2,2 Emissions Due ta Project

The emissions due to this project were forecast for all tha options
mentioned above using emisslon factors from Supplement 5 of AP-42. Emissions
were computed from each link in the network, adjusting for the speed on each

link, The results of these computations are found in Table 4,5.

Table 4.5. Tenth Year HC Emissions for Highway Test Case 2

(107 kg)
Daily Annual
No Build 41,9 15,293
Alternative 2 42,1 15,386

Alternative 7 4.2 15,403

The difference, in the tenth year, between the build and no-build alternatives
For a project of this scope, it is an
The

is, at worst, 110 tons per year.
almost negligible increase in emissions as a result of the project.
small magnitude of the difference in ewlssions directly corresponds to the small
inerease in VI due to the project. The sitvuation is very similar te that

of the previous test case. In fact, a similar analysis of the sensitivity of

the change in forecast emissions to small changes in the VMT forecast can be
If the percent increase due to the project (Alternative 7),

done here also.
compared to no-build, were 274, instead of 2,.7%Z, the forecast teath year

VMT would be 38.0 x 103 mlles. The emissions, assuming the same average
emission factor as the analysis of alternative 7, would iIncrease nearly
25%, or 2700 tons annually, over the wlithout prdjecr_ seenario, This would
be a significant Increase in regilonal emilssions although the ehange in

traffic levels for the region Is not as severe with respect to system capacity,

h
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4.3 SUMMARY AND CONCLUSLONS

The assewbly of the data ond the pursuant analysls for the two highway
test cnses has beon enlightening. The analysis differs from the airport
test cases In several ways, Including the number of emilssion sources consideved
(rraffic oﬁly vs. saven alrport sources), the level of analysis (aystem and
project level), the detail of the without-project forecasts (greater for high-
ways), and the foreecasting techniques used for system usage (demand}.
Although the highway test cases provided more detail in the without project
forecasts, the eonstraints of the highway planning process were more binding.
The major effect on traffic levels of a new facility is not captured by
current methods. The induced prowth in traffic (also cnlléd the development
traffic, mentioned in an FiliA publicacionzaj ig not forecast by the existing
methods, since facility improvements are not fed back into the land use plan
and then allowed to affect trip-making characteristics. The highway'test
cases have demonstrated this insensicivity very clearly. The forecast impackt
of a major faecillty in each of two urban areas is zbout 2% of the reglons
traffic. Because of the expected effect on the Federal Metor Vehicle Control
Program on future auto engines, the emlssions increase is lesa, on the order
of 1%, in the tenth year of the analysis perled. If 1% emission increases
are in fact all that do result from such large scale highway projects, then
the role of project-by-project review must be relegated to thot of an updating
procedure for the consistency review of the highway system plan under
Scetion 1097 of the highway act. If the actual growth is higher, and there
is reason to suspect that it might be, the project-by-project raview is

extremely dimportant from an air quality perspective.

Work underway in U.S5. EPA Regilon II underlines the saverity of this
problem. The EPA Regionzal 0Oifice is beglnning the system level consistnecy
determination in a forim compatible with balance sheet analysis. That
is, each of the proposed projects for the next 10 years is identified
on the system plan, and VMI changes are identified for each project.

The dala Lrow the slate beiug raviewed does not, however, reflect any'
significant VHP increases as a result of any of the proposed projects.
They are using standard techniques for transportation planning. This
situation 1s basically the same as that found in the test cases, One

of the reasons to suspect underprediction is the comparison with the
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effect of airport projects, Mighway traffic to and from an airport is

only a part of the airport's contribution te emissions and only a part of

the traffic in the resion; increases dn cuto traffile due enly o the airport,
however, are more significant frow an emisslons viewpoint, thanr those

due to large hlghway projects seem to he. "The new alrport test case, for
example, generated about 200 metric tons annually over the ne-project scenario
due to auto trafiic alone In the tenth year, and presuming no facility changes
except connections teo the main roads from the new airport, compared to

80 and 110 matric ton increases expected from the large highway facility
construction projects.

A thorough review of the transportatlon planning process and the
existence, of lack thereof, of trends of underprediciion of traffic levels
after major facilities are constructed, 1s beyond the seope of this contract.
The analysis that was performed did point to several probelems of using
traditicnal transportation planning techniques for impact analysis., Had
we been able to carry out the reglonal analysls for the highway projects,
the application would have been straightforward, The primary difficuley
. lies in the requirement for an analysis tool that is sensitive to the
craffic changes caused by highway facility construction so that air quality
dmpacts may be more accurately forecast. The balance sheet itself is
fairly simple to compute. It is essentially a comparison between emilssions
forecast for the ailr quality plan at one point in time, and the emissions
expected including a particular project not previously in the forecast,

Or, 1f a system consistency plan has been completed, the balance sheet
review 1s a way to insure that the system plan is proceeding as projected,

using the detailed dats available at the time of project programming.
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5. CONCLUSIONS AND SUMMARY

5,1 AYPLICABILITY OF THE TECINIQUE

Based on the two test cases, the balance sheet analysis technique
is applicable to airport project review. The technique applies equally
well to the cases of the new alrport and the modification of an exlsting
airport. The importance of accurate accounting of emissions, both due to
the airport and in the entire analysils region, is not te be understated.
Both test cases brought out the significance of double-counting, 2 problem
encountered if the reglonal inventory is not well documented or if careful

attention is not paid to what is included or excluded from the various categories

detailed in that inventory.

The regional oxidant modelling technique used in conjunction with
a balance sheet review must be a proportional reduction technique. This
type of emisalon balancing presumes equality of all soureces in the analysis
reglon, in that a 50 ton annual reduction of any source is expected to have
the same effect on reglonal air quality as an equal reduction of any other
gsource i:n the analysis region. This is an assumption of the use of the
enission trade-offs in the defined analysdis region for the balance sheet
review. The simulation models that have been developed for oxidant formation
do not require this assumption. These models follow the emissiens from
various sources, tracing the interactions between source emissions located
on a grid and meteorolegical conditlons to determine the spatial distributien
of oxidant levels throughout the region. As a result, such simulation
models will not mesh with a balance sheet analysis. Instead, the proposed
redyction strategles, and the project itself without the reduction strategies,

should be input to the model directly to see the effect on reglonal air
quality.

In the case of highway projects, the test cases demonstrated that the
technique itself can be applied successfully in the highway context, clther
in the context of consistency planning at the system level or looking only
at projects individeally, although it is not recommended at this juncture
to use‘ the balance sheat uatil problems stemming from the transporcation
models are resolved, In the context of system level consistency plans, the
balance sheet review of each projeet serves as an updating procedure,

checking off each proposed project as it 1a programmed and assuring that
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effect of alrport projects., Uighway traffic to and frow an airport is

only a part of the airport's contribution to emissions and oenly a part of

the truffic in the region; increases in auto traffic due enly to the airport,
however, are more sipnificanr from an emissions viewpoint, than these

due to large highway projects seem to be. The new alrport test case, for |
exomple, generated about 200 metric tons annually over the no-project scenario
due te aute trafflec alone,in the tenth year and presuming no faecility changes
except connections to the main roads from the n-v airport, compared to

80 and 110 metric ton iIncreases expected from the large highway facility

construction projects.

A thorough review of the transportation planning process and the
exlstence, of lack thereof, of trends of underprediction of traffic levals
after major facilities are conatructed, 1s beyond the scope of this contract.
The analysis that was performed did point to several probelems of using
traditional transportation planning techniques for impact analysis. lad
we been able ta carry out the reglonal analysis for the highway projects,
the application would have been straightforward. The primery difficulty
lies in the requirement for an analysis tool that 1s sensitive to the
traffic changes caused by highway facility constructilon se that air quality
impacts may be more accurately forecast. The balance sheet itself is
fairly simple te compute. It is essentlally a comparison between emissions
forecast for the alr quality plan at one point in time, and the emissions
expected including a particular project not praviously in the forccast,

Or, if a aystem consistency plan has been completed, the balance sheet
review is a way to insure that tihe system plan is proceeding as projected,

using the detailed data available at the time of project programming.
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5, CONCLUSIONS AND SUMMARY

5.1 APPLICABILITY OF THE TRCHNIQUE

Based on the two test cases, the balance sheet analysis technique
is applicable to alrpert project review. The technique applies equally
well to the cases of the new alrport and the modification of an existing
airpnrt. The importance of accurate accounting of emissions, both due to
the airport and Iin the entire analysils region, is not to be understated.
Both test cases brought out the significance of double-counting, a problem
encountered if the regional inventory is mot well documented or 1f careful
attention is not paid to what is included or excluded from the varicus categories

detailed in that inventory.

The regional oxidant modelling technique used in cenjunction with
a balance sheet review must be a proportional redvetion technique. This
type of emissien balancing presumes equality of all sources in the analysis
region, in that a 50 ton amnual reduction of any source is expected to have
the same effect on reglonal alr quality as an equaf reduction of any other
source in the analysis region. This 1s an assumption of the use of the
enission trade-offs in the defined analysis region for the balance sheet
reyley. The simulation models that have been developed for oxidant formation
do not require this assumption. These models follow the emissions from
various soutces, tracing the interactions between source emissions located
on & grid and meteorological conditions to determine the spatial distribution
of oxldant levels throughout the region. - As a result, such simulation
models will not mesh with a balance sheet analysis. Instead, the proposed
reduction strategies, and the project itself without the reduction strategies,
should be input to the model directly to see the effect on reglonal air

quality.

In the case of highway projects, the test cases demonstrated that the
technique itself can be applied successfully in the highway contexz, elther
in the context of consistency planning at the system level or looking only
at projects individually, although it is not recommended at this juncture
to use thé balance sheet until problems stemming from the transportation
models are resolved. In the context of system level consistency plans, the
halance sheat review of each project serves as an updating procadure,

checking off each proposed project as it 1s programmed and assuring that
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forecast systom-wide emission levels will not be exceeded. Alternatively,
the project-by-project reviews done in cthe absence of a review of the system
plan for transperation projects, could be used to examine each project

in the same way as the alrport projects are examined for thelr fimpackt on

reglonal desired emission levels.

5.2 LIMITATIONS OF THE TECHNIQUE

The primary limitacion of this technique is that it should not be
used when simulation models have been used for reglonal oxidant air qualicy.
It is flexible in many respects, in that it is basically an accounting
technique designed to fit in with current air quality planning practices
for oxidants. In the case of highway projects, the balance sheet.techniqua
might appear to be limited; the real limitaticns are in the transportation
planning process, however. That planning process ls not well-suited to the
needs of air quality forecasting. Given an excess amount of emissions, above

and heyond the level forecast in the air quality plan, the balancing process

" can take place, If the transportation forecasting technlques are insensitive

te change in the variables that affect HC emissions, then no Internal
emission trade-offs can be identified, and the initial highway emission

forecasts are themselves suspect.

In general, the balance sheet technique is limited by the quality
of the data used in the review. The regional emission inventory should be
a riech source of data; if it is not, however, the raview using the balance
sheet will not be adequate. The emissions forecast for the alrport must be
thorough and detalled; if it is not, the effect of the project cannot be

ascertained,

Adddiclonally, the technique itself does not point out effective
trade-~off strategles, nor does it indieate when it might be worthwhile
to ignore small amounts of excess emissions. The work done in organizing
the reglonal emissions inventory may help guide the reviewing agency in
defining reductlon strategies for trade-offs, but the review technique does
not provide them., In short, it is an accounting tool that leaves the
exercise of Judgement to the reviewers. This accounting tool is useful for

identifying the effect of a project on reglonal emission levels and polnpting
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out the need for trade-offs to halance projected increases In emissilons.

The limitations of the balance sheet technique regarding its insensitivity

to the size of the trade-off must alse be recopnized. As an accountlng
technique, 1t must be used In conjunction with a set of policles regarding

the significance of the size of the emission trade-offs. The highway test

cases emphasize this point. Although the technique can be applied to the

test cases, it was not applled in eiﬁher case becsuse of the judgement that

the predicted iIncreases in emissions due to the projects were not significant
within the range of accuracy of the models that produced the results, What

was warranted for those highway test cases was a discusslon of the models

that produced the results, since it appears that they are inherently insensitive
to changes in the variables affecting emission burden calculations. The need

to work on the regional level for hydrocarbon emissions is olso clearly stated.
Used in the context of ragional air quality plans based on proportional reduction

models, the halance sheet analysis technique shows promise as a useful method

by state or regional reviewing agencies. i
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Appendix A - Test Case 1, Neway Adrport

This appendix explains the methods used to calcﬁlata hydrocarbon (HC)

and nitrugen oxides (NOx) emisaions from the Neway Airport, Test Case 1.
As there were insufficient data to use a simulation model, the ealculacions

were made using the method outlined In An Alr Pollution Impact Methodology

for Alrports - Phase I 4 (APTM), a hand ealculatlon procedure. Forecasts

of emissions from each of the slx major on-alrpert categories - alrcraft,
access traffic, ground service vehicles, fuel handling and storage, heating
plants, and englne tests - are made first for Projeect Year 1 (PYl), the
year the airport opens, and then for the next five and ten years (PY5 and
PY10). Except where noted, most of the data used are from a consultant's
report on the proposed new alrport, using conversion factors when necessary.

Many of the emlssion factors are available from the Compilation of Air

Pollutant Emission Factors, Report Number AP-4224, published by the

Environmental Protection Agency (EPA) and Supplement 525 to the same
report. When the factors are not available from either of these sources,
they can be computed by the methods explained later in this Appendix.
Occasionally,data are incomplete and must be estimated from observations
or experlence at other alrports. The APIM report is the source for the

data regarding other airports,

A,1 EMISSIONS FROM AIRPORT SOURCES

Since the biggest source of HC emissions at an airport is alrerait,
most of the data required pertalns to ailreraft type and activity., Exactly
what aircraft operate from the ailrport and the number of flights made by
each typec of aircrafe are the fivst pleces of information that are necessary.
Table A.1 lists the aircraft classes operating at Neway Airport with an
example of the aircraft ox type of aircraft included in each class. The number
of seats avallable and number and type of cngines for each elass are also
ineluded. Thege ciasses represent kinds of service that will be available
at this airport; they may vary at other airports. Orher necessary
Information is the number of operatlons and number of landing and take-off
(LI0} cyeles. The number of average dally eperatlons by alrcraft type is
shown on Table A.2. The number of LTO ecyecles is derived by dividing the
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Table A.1.
Number Number Type

Class Model or Type of Secats of Enplnes off Engines
General Aviation Logal - 1 Lycoming 0-320
Plston Mrorafe
General Aviation Business 10 2 Lycoming 0-320
Business (non-jet} Alr Taxi TPE 331
General Aviation I Government 20 2 TPE 331
General Aviation IT Commut er 30-70 2 JT 8D
Medium Range Jet T nc-9 70-95 2 JT 8D

B=-737
Medium Range Jet II B-727-100 95-125 3 Jr 8D

B-727-200 ’
Long Range Jet I B~707 125 & JT 3D

DC-8
Long Range Jet II A-300-B 200 4 JT 3 D (PY1)

2 GE CF-6 (PY5, PYL0)

Jumbo Jet I DC=-10 250 3 GE CF-6

L-1011
Jumbo Jat II B=747 350-500 4 JT 9D
Cargo Cargo - # JT 3 D (PYl, PY5H)

4 JT 9 Tt (PYL0)

T

Alrerafe Classification, Number of Seats and Enplne Chncactarigtius
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Table A-2. Average Dally Cperations by Aircrafe Class

BRAFT

Project Year

Class® IR 5 10

GA Piston 326.0 1304.1 -

GA Business {non-jet) 173.1 242.1 293.6
GA T ' 32.4 33,7 36.4
GA IT < - 28.4 59.2
‘MR Jet I 7.2 57.0 76.4
MR Jer I ' 2.5 54.5 9.5
LR Jet I 8.0 46.2 65.4
LR Jet II - - 46.1
I 5.9 - b4, 5
JJ 11 - 36,2 109.0
Cargo b b 47.1
TOTAL 553.1 802.2" 872.2

8cA = General Aviation; MR = Medium Range; LR = Long Range; JJ = Jumhe Jet

bIncluded in LR Jet I craffic.
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number of operatlons by two. Table A.3 hreaks down the operations by
type of service category, Including demestic and oversens air carrier,

cargo, business jet, and local and itinerant geneval aviacien flights.

Once the type of operating aireraft and the number of LTO cycles
are known, the emissions can be calculated by applying the appropriate emlssion
factors. Table A.4 contains the emission faators by operational mode
for each aireraft class. The basle factors for each engine type are from
Report AP-42 mentioned sbove, These factors, in kilogrz;ms per hour per engine,
are then multiplied by the pumber of engines per aircraft to produce a
factor in kilograms per hour per afireraft for both HC and NOx for tayi-

idle, rake-off, climbout and approach modes. EPA's report AP-42 alse contains

typical times in mode for an LT0 cycle by aircraft elass for the same modes

used in Table A.4. By taking the sum of the products of the factors for each
operating mode in Table A.4 multiplied by the times-in-mode for the corresponding
alrcraft class on Table A.5, a single LTO ecycle emlssion factor of kilograms

.par ailrcraft for HC and NOx is obtained for each class (Table A.5).

Tables #&+6 apd A.7 contain the annual and daily emissions for HC and Nox
respectively for project years 1, 5 and 10. Daily emissions are simply

the products of the enlssion factors from Table A.5 and the number of daily

LTO cyeles for cach ailrcraft class. Annual emissions are dally emissions

multipled by 365.

The zecond largest source of HC emissions is access traffie.
The data needed to compute the emissions from this source are the vehicle-miles
traveled per year (VMT), average speseds and the emission factor by year and ve-
hicle class calculated from Supplement 5. In this case, the VMT is supplied in
the consultant's report on the proposed project. If thn consultant does
not supply the data, the estimating procedure outlined in AFIM can be used.
Figuring the emission factor, however, is a complex procedure. The
number and cype of vehicles driven must be known, as well as the age
distribution of each lyps. Supplement 5 also takes lolo account the
speeds driven and the fraction of cold starts, A separate factor for
evaporative emissions of HC is also included. By welghting the cmission
factors provided in Supplement 5 by the age and type distributions forecast
by the airport, and applying a speed correction factor also found in
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Table A.3. Annual Alrcraft Operations by Flight Category
at Neway Airport

Proiect Year

A I A 2 e a2 Tt st i 4 et s e

Flight Category L 5 10
Alr Carricra

Domestic 2,600 49,200 128,200

Overseas 3,250 13,206 31,000
Total Alr Carrier 5,850 62,406 159,200
Cargo 2,720 8,400 17,200
Busilness Jet 3,750 11,100 21,300
General Aviation

Local 119,000 111,000 0

Ltinerant 71,250 100,000 124,700
Total General Aviation 190,250 211,000 120,700
Total Anaual Operations 202,570 292,906 318,400
aIncluding charter flights as follaws:

Domestice 2,600 2,600 2,500

Overscas 3,250 5,000 8,000
Total Charter 5,850 7,600 10,500



Table A4,

Modal Emigsion Factors by Alrcraft Type

(kg/hr/aireraft)
HC NO
%
a Number
Class Engines Taxi-Idle Takeoff Climbout Approach Taxi-Tdle Takeoff Climbout Approach
GA Piston 1 0.161 0.676 0.594 0.225 0.006 0.097 0.170 0.023
GA Business
{(non-jet) 2 0.560 0.701 0.618 0.334 0.439 1.747 1.67 0.790
GA L 2 0.798 0.050 0.048 0.218 0.866 3.30 J.00 1,534
GA II 2 7.42 0.706 0.836 1,588 2,64 179.6 118.8 28.0
MR Jet I 2 7.42 0.706 0.836 1,588 2,64 179.6 118.8 28.0
MR Jet 1I 3 11.13 1.059 . 1.254 2,382 3.96 269.4 178,2 42.0
LR Jet I 4 178.8 8.44 8.92 14,24 2.596  268.4 174.4 39.56
LR Jet IT~PYL 4 178.8 B.44 8,92 14.24 2,596 268.4 174.4 39,56
PY5, PY10 2 14.0 1.18 1,18 1.72 3.26 490.0 302.0 157.0
JII 3 21.0 1.77 1.77 2.58 4,89 735.0 453.0 235.5
JJ II 4 49.6 5.36 4.80 5,44 11,00 1308.0 832.0 98.0
Cargo-PFYL,PY5 4 178.8 8.44 8.92 14,24 2,596 268.4 174.4 39.56
PY10 4 49.6 - 5.36 4,80 5.44 11,30 1308.0 832.0 88.0

*TTY

aGA = General Aviation; MR = Medium Range; LR = Long Range; JJ = Jumbo Jet

&



Tahle A.5.

LTO Cycle Emlssion Factors
(kg/aircraft)

EPA Typical Time in Mode, minutes

Emission Factors'per LTO Gyele

Class® Taxi-Idle  Takeoff Climbout Approach He NO,
GA Piston 16,00 0,30 4,98 6.00 0.1181 0.0185

GA Busincss

(non=Jct) 21.00 0.40 3.74 5.25 0.2684 0.3385

GA L 26.00 0.50 2.50 4.50 0.3646 0.6428

GA IT 26.00 0.70 2,20 4.00 3.360 9,462

NIt Jet L 26,00 0.70 2,20 4.00 " 3,360 9,462

MR Jet II 26.00 0.70 2,20 4.00 5,040 1519 I
LR Jat L 26.00 0.70 2,20 4.00 78,85 13.29 a
LR Jet IT - PYL 26.00 0.70 2.20 4.00 78,85 13.29

PYS, PYLO . 26,00 0.70 2,20 4.00 6.238 28.67

SARY 26,00 0.70 2,20 4.00 9.358 43.00

31 11 26.00 0.70 2.20 4,00 22.09 57.07

Cargo ~ PYl, PY5 26,00 0,70 2.20 4,00 78.85 13,29

PY 10 © 26,00 0.70 2,20 4,00 22.09 57.07

4GA = General Aviation; MR = Medium Range; LR = Long Range; JJ = Jumbo Jet




Table A6

Datly and Annwal HC Emissions by Alveraft Class

Project

Year 1

Project Year 5

Project Year 10

Daily Number

Emissions (kg)

Daily Number

Emissions (ke)

Emissions (k

Daily Number

Class® of LTO Cycles Dailly Annual of LT0O Cycles Daily Anmual of LTQ Cycles Dally Annual

GA Piston 163.0 19.25 7,026 152.05 17.96 6,554 0 0 0

GA Business

(non-jet) 86.55 23.23 8,479 121,05 32.49 11,859 146.8 39.40 14,381

GA I 16.2 5.907 2,156 16.85 6.144 2,242 18.2 6.636 2,422

GA II 0 0 0 14.2 47.71 17,415 29.6 99.46 36,301

MR Jet T 3.6 12.10 4,415 28.5 95.76 34,952 38.2 128.4 46,848

HR Jet LI 1.25 6.30 2,300 27.25 137.3 50,129 47.25 238.1 86,921 E
LR Jet I 4.0 315.4 115,121 23.1 1821.0 664,824 32.7 2578.0 941,114

LR Jet II 0 o 0 0 0 23.05l 143.8 52,482
JJx 2.95 27.61 10,076 0 0 0 22.25 208.2 75,999
JIII 0 o 0 18.1 399.8 145,938 54.5 1204.0 439,425
Cargo b b b b b 23,55  520.2 189,880
fOTAL 277.55 409.8 149,573 401.1 2538.2 933,913 436.1 5166.2 1,885,773

86A = General Aviatlon; HR = Medium Range; LR = Long Range; JJ = Jumbo Jet

bIncluded in LR Jet T traffic. e



Table A,7. Daily and Annual Nox Imissions by Ailrcraft Class

Project Year 1

Erotjecl: Year 5

Project Year 10

Dally Number

Emissions (kp)

Daily Number Emisgions (kg)

Daily Number

Emigsions (kg)

Class” of LTO Cycles Daily Annual of LTO Cycles Daily Annual of LTO Cycles Daily Annual
OA Piston 163.0 3,016 1,101 152.05 2.B13 1,027 0 ] .0
GA Business

Cnon=jel) 86,55 29,10 10,693 121.05 40,58 14,9506 140.8 9. 64 18, 198
GA L 16.2 10,41 3,801 16.85 10.83 3,953 18,2 11,70 4,270
aa 1T 0 0 0 14.2 134.4 49,042 29.6 280.1 102,227
MR Jet I 3.6 34,00 12,433 28.5 269.7 93,428 38,2 361.4 131,929
MR Jet II 1.25 17.74 6,474 27.25 386.7 141,137 47.25 670.5 244,724
LR Jet I 4.0 53.16 19,403 23,1 307.0 112,055 32,7 434.6 158,623
LR Jer II 0] 0 0 0 0 0 23.05 660.8 241,208
JI T 2,95  126.9 46,300 0 0 0 22,25  956.8 39,24
A IL o 0 1.1 1033.0 377,033 54.5 3116.0 1,135,265
Cargo b b b b b b 23.55 13440 490,55
TOTAL 277.55 274.6 100,205 401.1 2185 ,4 797,631 436.1 7879.6 2,876,157
nGA = General Aviation; MR = Medium Range; LR = Long Range; JJ = Jumbe Jet l

e

blncluded in LR Jet I traffic.

*GiY




115.

Supplement 5, one conposite emisslon factor for each vehicle class for each
calendar year can be computed, New standards for automobiles and gaseline
engines are ineluded where applicable, Table A.8 gives the annual VNI,
emlission factors, und totel emissilons for the four vehicle classes to be
operating at the Neway airport for the project years considered. The total
emlasions are obtained by multiplying che VMT by the composite emission
factor. Note that the facter is different for each class of vehicle and
also for each project year.
The access traffic emissions calculated above represent the tatal i
emissions forecast for the "with projeczt' scenarlo - that is, emissions .
from Oldfield and Neway airports combined. A portion of these emlssions
are contributed by "new" air passengers and visitors. These people !
represent the increase in traffic brought about by the construction of Neway
Alrpert, or the net increase in traffic over what was forecast for 0ldfield
without Neway being built. To figure the cmissions due only to this new
traffic, data showing the difference in VMI between the with and without
project scenarios must be assembled., Table A.9 shows the percent of new
passengers who will originate or terminate (0 and T) at Neway and alsc
the mode of ground transportation chosen. In Project Year 1, all passengers
start and end thelx trips at Neway hecause there are only charter and general
aviation fligﬁts. Aé the airport grows, general aviation decreases and air
carrler service dominates the operations. As for ground transportation,
automobile trips always account for the largest portion of the total person
trips. However, with the construction of the raillroad terminal and its
service, the percent of travel by auto and bus decreases. This transpertation
node split is taken into acecount when figuring the accaess traffic at the
new alrport. Given the total number of vehicle trips forecast without the
project in the consulrant's repert, the percent of the total vehiele trips
forerast for Neway Adrport made by new passengers or visitors can be deter-
mined by comparing the number of with-project trips to the number of without-
project trips. In Project Year 5, the new passengers and visltors account
ior B.IZ of the total trips forecast and for 36.4% In Project Year 10,
Applying these percents to the total HC emissions from access traffic on
Tahle A.8 produces the HC emissions due to the trips made by new passengers

and visiters at Neway Alrport only, as shown on Tahle A,9., One more fact



Table A.8. Annual VMT, Emission Factors and Emissions From Access Traffic

1c
Project Year 1 Project Year 5 Project Year 10

Vehlele VT Factor Emissions VME Factor Emissions VML Tactor CEmissions

Class (103 w/yr)y  (gm/mi) (103 kg) (103 mifyr) (gm/mi) (103 kg) (103 mi/yr) (em/mi) (103 kg)
Autos 5437, 5.417 28,830 3,031 87.441 75,980 L.253 95.212
s Trucks 54.97 25,57 L1.296 254 16,50 4190 762 Ll.60 8,839
Dlesel

Vehicles 34,41 3,257 0.112 159 3.257 0.518 477 3.257 1.554
Buses, Line, )

Kte. ] B, 335 B35 160 6.568 1.051 466 5.343  _2.490
TOTAL 5560.28 31.154 209,403 93.201 77,685 108.085

NQO
X
Project Year 1 Project Year 5 Project Year 10

Vehiele SVWE Factor Emissions 3VMT Factor Emlgsions 3VNT TFactor Emigsions
Class (107 mifyr) (gw/mi) (103 1g) (107 mt/yr) (gm/mi) (203 kg) (107 mifyr) (gm/mi) (10° kg)
Autos 5433, 4,142 22.503 28,810 2.175 62,705 75,980 0.784 59,568
Gus Trucks 54,97 10.95 0.602 254 12.14 3.084 762 13.04 9.936
Diesel
Vehicles 34,41 25,13 0.865 159 25,13 3.996 477 25.13 11.987
Buses, Lima,. '
LEte. __ 37,90 21.58 0.818 160 21.88 3.501 460 22,11 10.301
TOTAL 5560.28 24,788 29,403 73.286 77,685 91,7

) oh s ml b b ot e e e

“ITT
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Table A9, Portion of Apnual HC Emissions due to Conatruction of Yeway Alrpor:

DRAFT

Project Year

Data 1 5 10
Total Annual New Passcrgers 800,000 4,606,000 16,181,000
#0and T 100 ax.2 71.1
Number of passengers 800,000 3,786,132 11,504,691
Ground Transportation Mode Split at Neway
# of passengers using:
Auto 85.0 72.9 69.7
Rail 0 13.7 17.5
Bus 15.0 13.4 12,8
HC Emissions due to trips made by new
passengers and visitors (103 kg) - 7.5 33.9
HC Emissions due to increased length of
trips at Neway over Oldfield (103 ke) - 48.0 41,6
Portion of total access traffic HC emisslens
attributed strictly to Neway (103 kg) - 55.5 75.5
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must be taken into account in determining the portion of the accc;ﬂa traffic
ginlzsions due only to the building of Neway Alrport, The difference between
the total access traffic emissions at Neway (Table A.8) and the emissions
dug to "new" automobile trips 1s greater chan the emlssions forecast without
the project. That is because the trips forecast for Oldfield without the
project are only 3.0 miles long, compared with a 6.8 mile average on-site
trip at Neway. Multiplying the difference in emission tetals by the ratio
of trip lengths (0.44) yields the forecast Oldficld - only access traffic
emissions; the complement is rhe emissions due to longer trips at Neway,
which amount is shown in Table A.9. These increased trlp length emlssions
added to the new passenger and visltor trip emissions ylelds the portion
of the total on-site access trafiic NHC emissions contributed only by

Neway Adrport.

Ancther major socurce of HC and NOx emissions is ground service
vehicles. The emissions from this source are directly related to airecraft
activity. Fmissions are figured by muleiplying the cmlssion facter found
in EPA's AP-42 by the ground service vehicle time per LTO cycle. Since
some of the service vehilcles are diescl-powered, factors for both gasoline
and diesel cngines are used. To figure the service time per LI0 ecyele,

a table of data collected at other ailrports is used, specifying the number
of vehicle-minutes required for each type of ground sérvice vehicle to
service each aircraft class., Times are glven for jet alrcraft only.

Since the same emisslon factor is used for each vehiele, by adding the
service times of all vehicles a total number of vehicle-minutes per class
1s established. Then the preduct of total service-minutes per class and
the nuwber of annual LTOS per class is the total service hours i:er year.
This fugure multiplied by the appropriate emilssion factor yilelds the annual
emlssions. The erission factor is based on gasoline and dlesel truck
emission facters from AP-42, assuming 6 mpg and 10 wph, as described

in the APIM publication. TablesA.l0andA.ll summaridze the. HC and NOx

emissions from ground service vehicles.




Table A,10. Annual HC Emissions from Ground Service Vchiclcaa

Total . . r T1ect Yo
Emlesion Service Tima Project Year 1 Project Year 5 Project Youar 10
b Factor per LTO Cycle Vellecle hrs Emissions Vehicle hrs Emissions Vehiele hrs Emigsions
(lass (gm/hr)c {(Vehicle-hours) per year (103 kg) per year (103 kg) per year (10% k)
MR Jet T 372.7 3.083 4051 1.51 32,011 11.95 42,986 16,02
MR Jetb IL 372.7 2.950 1346 0.502 29,341 10.94 50,876 18.96
LR Jetr I 372.7 d 4,533 6618 2.47 38,220 14.25 54,104 20,16
49,27 0.200 292 0.014 1,686 0.083 2,387 0.118
6910 2,484 39,906 14.333 56,491 20,278
LR Jet II 372.7 a 4.533 ) 0 38,137 14,21
: 49.27 0,200 1,633 0.083 o]
[==]
39,820 14,293 )
JI I 372.7 6.600 7107 2.65 0 53,600 19.98
JIII 372.7 d 8,200 4] 54,173 20,19 233,604 87.06
49,27 0.033 218 0.011 940 0.046
54,391 20,201 234,544 87.106
TOTAL 19,414 7.146 155,709 57.424 478,317 176.637
frssumed use only by jet alreraft dincludipg cargo,
b
MR = Medium Range; LR = Long Range; JJ = Jumbo Jet. . -
. ) Jareinia
'cGasoline engines except where noted. "ﬂq

[+

Diesel fueled vchicles,



Table A.1L.  Annual NOx iimissions [rom CGround Scurvice Vchiclesa

e o Project Year 1 Project Year 5 Projeet Yoar 10
Imissflon Service Time
b Tactor per LTC Cycle Vchigle-hrs Emigslons Vehdcle-hrs Emissions Veliicle-hrs Emlssions -
- Class (gm/hr)c (Vehicle~hours) per year  (10° kg) per year (103 kg) per year (103 kg)
MR Jet I 95.19 3,083 4051 0.386 32,071 3.05 42,986 4.09
MR Jet IT 95.19 2.950 1346 0.128 29,341 2.79 50,876 4,84
LI Jet T 95.19d 4,533 6618 0.630 38,220 3,64 54,104 5.15
257.8 0.200 202 0.075 1,686 0.435 2,387 0.61.5
6910 0.705 39,906 4,075 56,4M 5.765
LR Jet IT 95.19d 4.533 0 0 38,137 3.63
257.8 0.200 1,683 0.434 s
39,820 4,064 =
JI I 95,19 ‘ 6.600 7107 0.677 0 . 53,600 5,10
J1 1T 95'196 8.200 0 54,173 5.16 233,604 22,24
257.8 0.033 . 218 0.056 940.1 0.242
54,391 5.216 234,544,1 22,482
TOTAL 19,414 1.896 155,709 15,131 478,317.1 46,341
Apssumed use enly by jet alrveraft including cargo.
hMR = Mud Lum Wange; IR = Long Rangey JJ @ Jumbo .Jek,
¢
Ganoline englnes except where noted. o ey
Nz

leuscl fucled vehdleles.
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Fuel handling and storage represents another source of HC emissions.
The fuel is broken down Into two categories - jet fuel (JP-5) and aviatlon
gas. The vapors emitted during refueling or handling of the fuel are the
working loss, while the vapors emltted durlng storvage are called breathlng
losses. It 1s assumed that all storage tanks are fixed-roof tanks since
there is very little evaporation from JP-5. Additionally, New Source
Performance Standards do not require floating-roof tanks for JP--5.26 To calculate
the emissions first the annual fuel use per LTO cycle must be available.

In this test case, the consultant did not provide the information,
so experience from existing alrports was used to estimate the average amount

of fuel used. Once this figure has been established for both jet and general
aviation fuel it i multiplied by the average number of LTOs per year to
calculate the anrnual fuel use as shown on Table A.12, The emission
factors,when applied to these annual fuel use figures, will produce

thg working loss emissions of the fuel. To account for the breathing

loss, the average dally fuel storage must be sstablished. Since

airports store more than a one-day fuel supply, this figure must

be more than merely the average daily fuel use. The assumption

for this test case is that the alrport will store the amount of fuel

needed for five days while still using a full day's requirement each day.
The refilling schedule is such that the average daily fuel storage is

3,2 times the average daily amount of fuel used. There are four

emission factors to be used when calculating fuel handling and storage
emissions., The working loss and breathing loss factors for commercial jet
fuel are taken from an EPA publicatlon, Revision of Evaporative lydrocarhon

Emission Factors 22 For general aviation fuel the emissions for both

working loss and breathing loas from fixed-roof tanks are taken from EPA
Report AP-42. Table A.13 shows the emission factors used and then the
total HC emissions for each type of fuel for each project year. The
emlssions from working losses of jet and general aviation fuel are arrived
at by muleciplying the annual fuel use by the appropriate emissilon factors.
In the case of jet fuel, however, the product was then cdoubled te account
for underestimation of fuel used and also for any emissions resulting from
filling the alrcraft tanks. To arrive at total emissions from breathing

loss of both fuels, the appropriate emission factor was applied to the



Table A.12.

Annual and Average Daily Fuel lae

Average Fuel Used Per LTO

Commercial

Annual Fuel Use

Project Jet Fuel Aviation Cas Commercial Jot Fuel6 GCeneral Aviation Gas6 Total Tuel -
. Year (liters) {liters) No. of LT0Os Tuel (1071) No, of LT0s Tuel (10°1) No. of LTOs Tuel (1071)
1 10,220.6 18.9 4,285 43,80 97,021 1.83 101,306 45.63
5 10,220.6 18.9 35,403 361.84 111,017 2.10 146,420 363.94
10 12,113.3 18,9 88,200 1068.40 70,977 1.34 139,177 1069.74
Average Daily Fuel Use (1061)
Commercial Jet Tuel General Aviation Gas Total K
Average Average Average b
Daily Daily Daily
1 Day Use Storage 1 Day Storage -1 Day Storage
1 0.12 0.384 0.0050 0.016 0.125 0.40
5 G.991 3.171 0.0058 0.0186 0.997 3.190
10 2,927 9,366 G.0037 0.0118 2.931 9,378




Table AL13. 0O Ewmisslon Pactors and Annual HBalssions from Puel Handling ond Storape

HC Emissions (lozkg)

Source of Emisgsions ‘ Emission Factors Project Year 1 Project Year 3 Project Year 10

Commerelal Jer Fuel

Working Losas” 0.0032 kg/10°1 0.284 2.316 6.838
Breathing T.oss 0.007 1kg/1031/day 0.981 8.099 23.929
Total Commerclal Jot 1.265 10.415 0,767

General Aviation Fuel

Working Loss 1.1 kg/10%] 2.013 2.310 1.470

Breathing Loss 0.026 kg/1031/day 0.152 0.177 0.112
Total General Aviation 2,165 2.487 1.582 p
| s

Total All Fuel 3.430 12.902 32.349

#imissions have been doubled to account for underestimation of fuel used and any emissions resulting
from filling of airecraft tanks.
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average daily storage figure computed earlicr (Table A.12). The fuel

handling and storage emissions from ground service vehicle fuel were also

. computed but were found to be negligible so are net inclucded in the case

study.

Another source of HC and Nox emlssions 1s the heating plant on the’

airport site. Knowing rhe size of the bullding, the energy required to

heat it can be determined by applying an average factor of 21% x 10
Btu/sq.ft./year, based on other ailrports in similar climates. This con—
version yields the amount of Btus required to heat the area in one year.

For this test case, the consultant's report stated that No. 6 fuel oil is

the only feasible fuel. Dividing the yearly energy requirement by the average
heating capacity of 144,000 Btu/gallon, yields the average fuel use. Applying
the emission factors from EPA's Report AP-42 to the yearly fuel use will
produce the emissions of HC and NOx by the heating plant. This procedure

is summarized on Table A.l4.

The final emission source consldered for the Neway airport is jet
engine testing. Based on Information from other ailrports an assumed number
of tests per 500 LTOs for all engines was used, The distribution of types
of engines to be tested is assumed to be In the same ratico as the alreraft
operations for ﬁha correspending aircraft types in each year (sece Table
A.15). Engine tests are assumed to use the idle and approach modes, for
0.3125 hour and 0.1042 hour respectively. The number of engine tests per
year is computed by multiplying the assumed number of tests per 500 LTOs

by the number of LTOs per engine per year and then dividing by 500. This

product is the activity level used to figure emissions. The emission

factors are composed of two sums. The first sum is the percentage of

- use of each engine multiplied by the cmission factor for the idle mede

for each respective englne (see Table A.4); this sum Is then nultiplied
by the time in 1dle mode, which is assumed to be the same for all engines.

The same procedure is followed for the approach mode. The idle and

approach products are added to produce a compoaslte emlssion factor. This

is done for both HC and NO? and for both Project Years 5 and 1O since the

distribution of engine usc changed for each year. It is assumed that no

engine testing would eccur In the £irst year., Finally, the calculaced

emission factors are multiplied by the number of engine tests per year to

chtain the total emissions shown on Table A.15,




Table A.14, Data and Annuval Emissions frowm the Heating Souice

lata Projaect Year 1 Project Year 5 Projcet Year LO
Size of Building
(sq. £t.) 127,100 513,400 1,617,400
Energy Required to Heat
Building (109 Btu/yr) 27,835 112.435 356,211
Average Fuel Use per Year
(1081fyr) 0.731 2,956 9.312
a
.Emission Factors®: HC = 0.35 kg/1031
3
NO_ = 4.8 ke/1071
HC Emissions
(103 kg) 0.256 1.035 3.259
NO  Emissions
*103 xg) 3.509 14,189 44,70

aReference 24,



Table A.15. Data and Annual Emissions from Engine Testing Source i

Diatribution of Engines No. of Jet LIOs

No. of Engine Tests

Total Emiasions (103 k)

Lo be Tested (%) per Year per Year HC Nox
Engine PY 5 PY 10 PY 5 PY 10 PY 5 PY 10 PY 5 PY 10 PY 5 PY 10
Jr 8D 57.0G 35.4 20,392 . 31,223 815.7 2372.9 3.98 9.73 1.40 8.46
Jr 3 b 23.8 13.5 8,426 11,507 337.0 904.9 1. 64 3.71 0.580 3.23
Jroan 18.6 32.3 6,585 28,489 263.4 2165.2 1.28 8.88 0.453 7.72
CE CF 6 0 18.8 0 16,581 0 1260,2 0 5.17 0 4,49
TOTAL 35,403 88,200 1416.1 6703.2 6.90 27.49 2,433 23.90
— - —— o
-]

91t is assumed that no engine testing will take place in project year 1.

bAssumed number of engine tests per 500 LT0s -~ PY 5: 20; PY 10: 38,

cComposite Emission Factors!

HC (ke/engine test)

PY 5

PY 10

4,875

b AR o MR T 4 b b e B el A e Lkl

4,102

N

O, (kg/cngine cost)
PY 5 PY 10
1.72 3.565
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Since thare were ne miscallaneous sources of emisslons for this
test case, the total emissions for the on-alrport sources is simply the
sum of emisslions {rom each of the six sources as shown on Table AL16,
The procedures followed here arc applicable to any new.airporc, gilven
the necessary data from the airport planning documents or environmental
impact report. When no simulation medel is. available or the data is
insufficient, this is one method of hand calculating en-airport emissions.

The reraining source of emissions due to the alrport, induced growth

sources, 1s discussed below.
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Annual Emigsions Due to On~Airport Sources

HC Emissions (loakg)

Source PY 1

PY 5

PY 10

NOX Emissions (lUjka}

PY 1

PY 5

PY 10

alreraft - 149.6
Access
Traffic 31.2

Ground
Service
Vehicles 7.1

Fuel Han=-
dling and
Storage 3.4

Heating
Plant 0.26

Engine
Tests 0

933.9

93.2

57.4

12.9

1.0

5.9

1885.8

lo8.1

176.6

32.4

3.3

27.5

Total due
to on-air~
port

sources 191.56

1105.3

2233.7

100.2

24.8

1.9

3.5

797.6

73.3

15.1

14.2

2.4

2876.2

91.8

46,3

h4.7

23.9

130.4

902 .6

3082.9
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A.2 EMISSTIONS DUE TO INDUCED GROWTH

The construction of Neway Airport will result in dncreesed activicy
near the ailrport site in the surrounding region. There will be more auto
travel by the new passengers and visitors to the airport, and by new cmploycees
at off-site jobs. These people will produce a dramatlec Increase in VMP
resulting in a higher lavel of hydrocarben t;.missions. In addition te traffic,
new industrial and commercial cencerns will appear and cause increased HC
emissions from their heating plants; industrial concerns may also praduce
emissions due to thelr manufacturing processes. The activity included in
this analysis of induced growth represents nct increases due to the building
of the alrporr. It is recognized that many activities will shift in the
reglon to be closer to the new alrport. These shifts are not considered in

the computations - only the net growth.

Toe calculate the vehicular emissions from new passengers and visitors,
forecasts of trips from the airport commission's or copsultant's reports
must be utilized. Table A.17 cutlines the procedure followed in this case.
Firat the forecasts for 0ldfield are compared with the total number of
passenpers forecast for borh airports, O0ldfield plusz Neway. When considering
only 0ldfield, it is as if the project were non-~existent {(without project).
Addipg Neway alrport forecasts to those from the existing airport produces
the with~project scenario. The total number of passengers is glven to show
the increase expected over the l0-year analysis periocd. The number of
visitors i1s expected to ipcrease in the same ratio as the local passengers.
It 1s assumed that all originating and ternivating (0 and T) passengers
use local ground transportation to and from the airport, and that through
pasgengers make no use of ground access travel modes. By applying the
appropriote O and T air passenger or visitor load factor to the number of
pergon~trlps, the number of new vehicle-trips is produced, To arrive at
the annual VML, the numbar of new vehlecle-trilps is multiplied by the
-~ average trip length of 10.0 miles or 16 km. Once the VMI' is known it is
simply a matter of applying tht compusite emission fagztor frowm Table A.8
te obtain annual emissions. The final HC emission figure on Table A.17 is
the amaunt of HC emissions produced by the off-site portion of trips to the
airport due to the new project. There 1s also an increase in the number of

airport employaes, but only thaely travel on-site is considered, It is

.

[
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Table A,17. Drta and Annual HC Emisslons from OF[-Site
Portien of New Alr Passenger Related Trips

Annual Passengers (106 peonle)

R

AL TET:

T SMAISIT S L P m i A e o

Data ry 1 PY 5 PY 10
Oldficld only
(w?.thout new project)
Total passengers 3.3 4.0 5.5
Local Oand T passengersa 2.8 3.2 4,7
Visitors 1.4 1.6 2.4
Oldfield plus Neway Alrport
{with projeet)
Total passengers a 3.3 4.6 16.2
Local 0 and T passengers 2.8 3.7 11.5
Visitors 1.4 1.9 5.8
% increase in total number of
local passengers and visitors
due to proposed project 0% 147 597
Fractilon of trips by auto 72% 70%
New Air Passénger Related Tripsb
(106 trips) 6 C.36 4,76
New Visitor Trips {10 trips) 0.3 3.4
Total New Person-Trips by Auto (106 tripa) 0.66 8.16
Emissions Computations
Alr Passenger Vehicle Load Factor 1.9 2.0
Viaitor Load Factor 2,5 2,5
New Vehicle Trips . 309,474.0 3,740,000.0
" Average Trip Length (mi) 10.0 10.0
Annual WMT 3,094,740.0 37,400,000.0
Composite HC emission factor (gm/ml) 3.033 1.233
Annual HC Eailssions (lCO3 kg) 9.4 46,9

a . .
Originating and Terminating Passengoers

meIa split for auto trips 1s applled to these trips,

CALl visitor trips are assumed to be by auto,
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i

assumed that these new emplayees ware previously driving to other jobs in

This

the reglon, so no new off-site emissions are congidered for these trips.
i35 a conservative estimate of the airport's effect on emissions, since some
of the on-site jobs might be in excess of what was forecast without the

The activity included in this analysis of induced

project for the reglon.
It is

growth represents net ilncreases due to the bullding of the alrport.

recognized that many activities will shift in the reglon to be closer to

the new alrport. These shifts are not considered in the computation - only

the net growth.

While the new on-site alrport employees' off-site travel is not
considered to increase regioﬁal emissions, travel by new off-site employees
does inerease the total. These are the people who are employed by the
new industrial or commercial concerns brought about by the ailrport project.
The number of new employees expected in the region was forecast in the con-
sultant's report and is shown on Table A,18, By applying a load factor
of 1.2 employees per trip and multiplying by the assumed trip length,
the VMI per new off-site employee 1s calculated. As was done previously,
multiplying the VT by the composite auto emission factor from Table A.8
produces the total amount of HC emissilons generated by new off-site
employment (Table A.18). Note that even though employment rises-in the
fifth to tenth years, the amount of emlssions decreases because of the lower

enlssion factor.

The heating and cooling of these new commercial or industrial
concerns i3 another compenent of the emissions due to induced growth.
The number of annual emissions 1s calculated the same way for off-site
buildings as it was earlier for' the on-site plant. Again, No. 6 fuel oil
is assumed to be the only feasible fuel, with a heat content of
144,000 Btus per gallon of oil, Applying an average factor of 219 =x 103
Bru/fsq.ft./yr to the number of square feet of building space to he heated
produces the number of Btus necessary to heat the space, éonverting the
number of gallons needed to liters and multiplying by the cmission factor
which 1s in kg/lﬁal yields the annual HC emissions Erom the heating plant.
Emissions due to cooling were estimated as 30% of those due to heating.

This procedure 1s summarized on Table A.19.
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Tabhle A.18. Traffic and HC Emissions Generated by

New Employees Working at Off-Site Jobs

Project Year

1 5

10

Number of new employees at
off-glte jobs 2200 17,900

Assumed trip length for each
new employee {(mi/day) 5.5
Annual VMT due to new employees .

Total HC emlssions genergted by
off-site employment (107 kg) 19.7 94,2

5.7

42,200

5.7

73,000

91.5
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Table A,19. DUata and Annual 1€ Enissions from Heating and Cooling
Plants [ovr New Commerelal and Industrial Concerns Dua
te Induced Growth of Region

Project Year

Data 1 5 10
S8q., Fr. of Bullding Space to be Heated 40,000 340,000 800,000
Annual Heating Needs (107 Bru) 8.76 4.5  175.2

Quantity of No. 6 Fuel 0il
{103 gal) 60.8 517.1 1216.7
(103 1 230.2 1957.4 4605.7

HC Emission Pactor for No. £ Fuel 01l :
(kg/i03 1) 0.35 0.35 0.35

HC Emlssions from Heating and Cooling & a a
(kg) 104,7 890.6 2095.6

Aemissions from heating plant multiplied by 1.3 to account for cooling also.
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There were no specific data for estimating the emissilons contributed
by the manufacturilng processes expected to be attracted to the area, so
a pollutant load equal to twice the heating and cooling emissions 1s used.
There are other small sources, but the activities listed above are the
major off-site contributors of emissions., These activities and the amount
of emissions contributed by each are summarized on Table A.20. Clearly,
new off-site employment accounts for the largest portion of HC emissions.
These emissions are all due to the net growth in the region brought about
by the construction of Neway Airport.
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Table A,20. Annual HC Emissions Due to Net Regional Induced Growth

HC Emissilons (lO3 ki)

Project Year

Activity 1 5 10

Alr Passenger-Related Travel ) 0.4 46.9
0ff-Site Employment 19.7 94,2 91.5
lleating and Cooling 0.1 0.9 2.1
Manufacturing Processes 0.2 1.8 4,2
Total Off-Site Emlesions 20.0 106.3 144.7
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Appendix B - Test Case 2, Metro Alrport

For this test case, it Is assumed that an airport is already
in existence; however, it has insufficlent capaclty to mect forecast air
travel demands. To help alleviate the problem, a new jet runway Is proposed,.
The emission caleulations are based on the assumptilon that the runway is
opened for operation in project year one (PY 1)} and continues in use
throughout preoject years five and ten (PY 5 and PY 10). The Argonne
Airport Viecinity Air Pollucion (AVAP) 6 simulation model was used to
calculate hydrocarbon (HC) and nitrogen oxides (Nox) emissions. The data
used in the model are from the ailrpoxrt forecasts of activity with the new
runway. The major on-airport emission sources are the same as in Test
Case 1 - aircraft, ground service vehicles, access traffic, engine tests,
heating and cooling, and fuel handling and storage. In addition, emissions
from maintensnce facilities and refuse incinerators are included as miscel—

laneous sources, since these data were included in the forecasts,

B.1l EMISSIONS FROM AIRPORT SOURCES

As expected, the largest contributor of on-airport emissions is
aircraft. To caleulate annusl emissions the number of annual operations
wust be known. Since this test case assumes an exlsting airport, the
number of operations from previous years was used to calibrate the model
and forecast the number of operations for Project Years 1 and 10. With
data from Project Year 1 and Project Year 10, linear interpolation can
be applied to produce data for Project Year 5. It is assumed in all
instances that the amount of emissions Increases or decreases linearly within
the ten-year period addressed here. The annual number of operations for
Froject Years 1, 5 and 10 are shown on Table B.l listed by type of aircraft
operating at the alrport. The model uses the number of operations combined
with the emission factor for each type of aricraft to determine total emi:sions,
The emission factors for Project Year 1 are those given in the Compilation of
Alr Pollutant Emisslon Factors, Report AP-4224, published by the U.S. Environ-

mental Protection Agency (EPA). The factors for Project Year 10, however, are
ones which will meet the Federal Aviatlion Administracion's (FAA) new engine

emission scandards7 - The factors ara given by operating mode for each engine.
Tables B.2 and B,3 list the factors used in the model by aircraft type. '

That 1s, the modal emission factor for a specific aircraft 1s the engine



Table B.1,
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Annual Operations by Adrceraft Tvpe

Project Year

alreraft 1 5 10

DC-9 190,560 226,145 261,730
B-727 126,720 150,384 174,047
2e-99 8,640 10,253 11,867
¥S5-~11 2,880 3,417 3,935
B-737 16,800 19,937 23,074
B~747 44,160 52,407 60,653
L-1011 29,760 35,317 40,874
DC-10 60,000 71,204 82,408
Genera} Aviation - jet 12,386 18,549 24,732
General Aviation - piston 8,834 13,251 17,668
Total jet 483,246 577,360 671,473
Total non-jet 17,474 23,504 l 29,535
TOTAL 500,720 600,864 701,008




Table 8.2, HModal Emlssion Pactors by Alreralt Uype - Project Year 1
(kg/hr/aircraft)
HC Factors by Made NO? TFactors by Mode
Climb- Climb-
a No., of Taxi- Engine Runway Taxi~ FEngine Runway

Alrerafe” Bopgine Engines Idle  Check Roll  Approach Landing Iéle  Check Rell Approach Landing
DC-9 JT8D 2 T.42 0.836 0.706 1,588, 4,876 2.64 118.8 179.6 28,0 49.16
B-727 JT8D 3 11.13 1.254  1.059 2.382 7.314 3.96 178.2  269.4 42.0 13.74
Be-94 Q3vz 2 0.322 1.188 1.352 0.450 0,5896 0.012 0.34 0.194 0.046 0.0611
¥5-11 56A7 2 5.86 0.432  0.390 0.470 3,684 1.96 18.24  20.8 7.06 7.298
B-737 JTBD 2 7.42 0.836 0.706 1.588 4.876 2.64 11B.8 179.6 28.0 49,16
B-747 JTYD 4 49,6 4.8 5.36 5.44 31.916 11.0  832.0 1308.0 8.0 336.2
L-1011 CF6 3 2L.0 1.77 1.77 2.58 13,437 4.89 453.0 453.0 235.5 149.34
De-10 Cra 3 21.0 1.77 1.77 2.58 13,437 4.89 453.0 453.0 235.5 149.34
GA-jet J610 2 14.3 0.72 0.72 1.14 9.936 0.78 52.4 52.4 11.86 14,942
GA-piston 0302 1 0.161 0.594 0.594 0.225 0.2752 0.006 0.17 0.17 0.023 0.0481

36a = General Aviation

B P VUSRS

“RET



Tuble 8.3 Hodal Emission Foccors by Alreralt Type = Projoct Year LO

(kg/hr/airerafe)
HC Tactors by Mede Nox Factors by Mode
Climb- Climb-
No. of Taxi- Tngine Runway Taxl=- Engine Runway

Alreraft® Engine Engines Idle Check Rell  Approach Landing Idle Cheel Roll Approach Landing
nCc-9 Jr8Dn 2 2.20 0.248  0.208 0.470 1.445 1.04 47.0 7.0 11.06 19.43
B~727 JT8D 3 3.30 0.372 0.312 0.705 2.168 1.56 70.5 106.5 16.59 29.15
Be-99 Q302 2 3.60 0.308  0.308 0.448 2.342 2,32 215.6 349.8 11.2 87.14
Y5-1% 50A7 2 3.06 0.226  0.204 0.246  19.24 1.96 19,24 20.8 7.06 7.298
8-737 JT8D 2 2.20 0.248  0.208 0.470 1.445 1.04 47.0 71.0 11.06 19.43
B~747 JTYD 4 50.0 1,34 1.48 L.52 30.6 4,44 336.0 528.4 39.56 135.8 g
L-1011 Cr6 3 10.38 0,87 0.87 1.275 6.642 1.95 1%20.3 1B80.3 93.4 - 59.43
DC-10 CFé 3 10.38 0.87 0.87 1,275 6.642 1.95 180.3 180.3 . 93.6 59.43
GA=jet J610 2 0,82 0,042  0.042 0.066 0.5120 0.16 10.68 10.68 2.42 3,046
GA-piston 0302 1 1.83 0.154  0.154 0.224 1.171 1.16 107.8 107.8 5.6 27.46

ToA=Ceneral Aviacion
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emlssion factor from AP-42 pultiplied by tha number of ecagines on the alr-
craft, Table B.4 shows the annual amount of HC and Nox emilsslons caleulated
by the mod=l for cach type of alreraft for Project Years 1, 5 and 10. The
emlssions are shown for jet and noen-jet aireraft. Included as non-jet air-
craft are the Re-99 and the general aviatiou-piston type aircraft. The
number of operations increascs over the ten-year period for all aireraft
types; however, in most cases the amount of Nox emisslons decreases., Only
the non-jec aircraft are forecast to increasc Nox emissions significantly.

In the case of hydrocarbons, the total amount of emissions increases slightly;
this is duc mainly to the B-747 aireraft's higher emissions and also to the

L-1011 aircraft and increased emlssions from non—jet aireraft.

Another major source of emissions is ground service vehicles. Since
the amount of emissions 1s direectly related to the type of aireraft ta be
serviced, the service times and number of service vehlcles used in the model
are based on actual counts. The type of service vehicles and length of
service time for each of these vehicles is used to estimate a tobtal ground
service vehicle emissioﬁ rate per aircraft. The emission rates used in the
model are shown on Table B.S for both gasoline and diesel fueled vehicles.
The amount of HC and :\'Ox emission from ground service vehicles 1s listed
on Table B.6 by aircraft type. No serviecing times were allowed for any

genaral aviatlon or non-jet alrcraft.

Access traffic emissilons are caleculated in the model by using forecast
VMT for all road segments on the site. The length of the road sogments was
defined over continuous segments having the same average speed along the
roadway., Elght different types weres identified, at speeds of 10, 20, 25, 27,
35, 40, 45 and 55 miles per hour. The VMT for six vehicle classes was
estimated and then multiplied by the appropriate emission factors from EPA's
Report AP-42 to arrive at the annual access traffic emissions. The six
classes ronsidered are: 1) passenger cars, 2) light-duty trueks, 3) heavy-
duty gas trucks--6000-16,000 pounds, 4) heavy-duty gas crucks—-16,001~33,000
pounds, 5) heavy-duty gas trucks greater than 33,000 pounds, and 6) heavy-duty
diesel vehicles. These VMTI figures are found on Table D.7. Annual HC and

NOx emisslons dee to access traffle, and the remaining on~-site sources, are

summarized on Table B.8.




Table D.4.
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Annual Alrcraft Emissions by Type

UL Emissions (103 k)

NO, Emisslons (103 kg)

Atrerafc® Pyl Y5 FY10 TVl TY5 Y10

DC-9 280.2 255.8 231.3 678.5 528.0 377.6
B-727 329.1 305.3 281.4 695.6 510.9 326.2
Be-99 0.7 2.6 4.7 0.1 33.2 66.4
Ys-11 2.2 2.1 1.9 2.7 3.3 3.8
B-737 24.4 22,6 20.8 57.0 444 31.8
B-747 460.4 550.6 640.7 967.3 758.7 550.0
L-1011 158.5 162.0 165.5 471.2 367.6 263.9
DC-10 234.2 210.6 187.0 1089.8 810.6 531.3
GA~jet 30.1 19.5 8.8 19.2 12,5 5.8
GA-piston 0.5 2.2 3.9 <. 21.3 42.6
Total jet 1519.1  1528.5  1537.4 3981.4 3036.0  2090.4
Total non-jet 1.2 4.8 8.6 0.1 54,5 109.0
TOTAL 1520.3  1533.3  1546.0 3981.5 3090.5  2199.4

aGAﬂGeneral Aviation
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Table B,S,  [mission Factors .for Ground Service Vehiclaes
(kg pcr operatilon) '

Gagsoline-Fueled Vehicles Diesel-Tualaed Vehicles

Alrcrafe Typea HC Factor Nox Factor HC Factor NOx Factor
DC-9 0.800 0.200 0.038 0.420
B-727 1.08 0.280 0.038 0.420
Be~99" - - - -
¥5-11 0,760 0.180 0.026 0.280
B~737 0.820 0.200 0.032 0,354
B-747 2,86 g.700 0.038 0.420
L~-1011 2.32 0.560 0.030 0.326
DC-10 : 1.60 0.400 0.030 0.326
cA~jet? - - - -
GA—pistnnh - - - -

#6A=General Aviation
bNo ground service vehiclea are used for these aircrafc
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144,

Annual Emlssions from Uround
by Alrcrvaft Scrvieed

Servier Vehieles

HC Emissions (107 kg) NO_ Enisslons (107 ke)
 Adreraft® PY1 Y5 Y10 PY1 PY5 PY10
DC-9 79.8 96.1 112.4 59.1 71.2 83.2
B~727 70.8 85.3 99.7 44,3 53.4 62.5
Be-99 0 0 0 0 o 0
¥S-11 1.1 1.3 1.6 0.7 0.8 0.9
B-737 7.2 B.6 10.1 4.6 5.5 6.5
B-747 64.0 71.1 90.1 24,7 29.8 34.8
1-1021 35.0 42,1 49.3 13.2 15.9 18.6
DC-10 48.9 58.9 68.9 21.8 26.2 30.7
GA-jat 0 0 0 0 0 0
GA~piston 0] 0 ] o] 0 o
TOTAL 306.8 359.4 432.1 168.4 202.8 237.2

aGA=Genera1 Aviation




Table B,.7, Amnual VHI at Metre Adrport Durdlng Project Year 1 (103 miles)

Heavy-Duty Heavy-Duty Heavy-Duty
Average Speed  Passenger  Light-Duty Gas Truck Gas Truck Gas Truck Heavy-Duty Total
on Roadway Car Cas Truck  6000-16,000 1b 16,001-33,000 1b >33,000 1b Piosel Veiiicles Vil
10 2595.5 21.4 65.8 7.6 4.0 10.6 2705.9
20 1030.9 28.8 121.4 11.3 6.2 17.1 1215.7
25 65%.0 13.4 38.6 5.6 1.5 8.8 758.9
27 3716.1 7.7 19).0 32.1 19.3 46,3 4082.5
35 1458.7 i} 98.2 0 0 1.6 1558.5
40 7471.2 345.7 364.0 143.6 85.9 209.7 8620.1
45 AL4.5 0 28.0 0 ] 0.4 442.9
55 1327.3 0 89.4 0 0 1.4 1418.1
TOTAL 18,703.2 AB8T7.4 996.4 00,2 119.5 295.9 20,802.6
“Annual VMT at Metro Airport During Project Year 10 (103 miles)
Heavy-Duty Henvy-Duty Heavy-Duty
Average Speed  Passenper  Light-Duty Gas Truck Gas Truck Gas Truck Heavy~Duty Total
on Roadway Car Gas Truck  6000-16,000 1b  16,001-33,000 1b  »33,000 1b  Diescl Vehicles VNMT
‘10 3515.8 26.0 93.6 10.8 6,5 16.8 3669.5
20 1466.6 41.0 172.8 16.0 8,7 24.4 1729.5
25 979.5 159.0 55.1 8.0 5.0 12.5 1079.1
27 5282.8 110.1 271.7 45,6 274 66.9 5B04.5
35 2075.1 0 139.6 0 ] 1.8 2216.5
40 12,047.3 491.9 517.9 204.5 122,2 208.4 .13,682.2
45 589.6 ] 39.9 0 ] 0.6 630.1
55 1879.2 4] 127.2 0 )] 2.0 2008.4
TOTAL 27,835.9 £88.0 1417.8 284,9 169,8 423.4 30,819.8

et e TR A e s

=t
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b
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Table B.§, Annunl On-Alrport Emissions (103 ka/yr)

HC Emisslons ND? Emissions.
Scurce PYL PYS PYL0 PY1 PYS PY10
. Adrcraft 1520.3 15133.2 1546.0 3981.5 3090.4 2199.4
Ground Service
Vehicles 306.8 369.4 432,1 168.4 202.8 237.2
access Traffic 196.1  204.6 213.2 88,3  85.4 B2.4
Engine Test 36.1 21.6 7.0 199.6 162.2 124.8
Heating and
Cooling 0.8 0.8 0.8 9.4 9.4 9.4
Fuel Handling
and Storage 397.7 470.6 543.4 0 0 0
Miscellaneous 6.7 8.1 9.5 2.3 2.3 2.3

TOTAL 2464.5 2608.3 2752.0 4449.5 3552.5 2655.5
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The dnca used to cualculate the cmisslons from rhe rnmuiutgg BouUTCOY
are based on collected information for a basec year and then forccast for
project years 1 and 10, Again, linear interpolation wis used to arrive
at project year 5 emlssions. TFor example, the number of engines tested iy
based on the current ratlo of engine tests te the aircraft operations at
Metro Alrport. While the nuumber of operations, and therefore aireraft,
is forecast to increase, the emissions from engine testing are expected to
decrease because of the changeover to new engines expected to meet the
new engine emission standards promulgated hy the Federal Aviation Administration
(FAA)., The heating and cooling plant emissions are based on existing data
and assumed to stay approximately the sama since there is no change proposed

for the size of the terminal.

The information required to calculate fuel handling and storage
emissions was also given for a base year. The size, location and type of the
tanks was known. Only fixed-roof tanks are used at Metro Airport, From this
information, forecasts of future fuel storage and handling needs were made

and future emisslons were computed.

As mentioned above, data from two miscellaneous sources were also
forecast and emlssions calculated from main:cpnance facilities and from refuse
incineracors. In all cases, emission factors from EPA's AP-42 were used

when available.

B.2 EMISSIONS DUE TO INDUCED GROWTH

The modification te Metro Alrport alse attracts growth in the area
surrounding the airport. The majJor activities affected are the increased air
passenger and visitow auto trips to and from the airport site and auto traffic
from new employeces in jobs away from the airport. Both of these activitles
increase tha regional hydrocarbon emlssion levels. Two smaller contributors
are the emissions from the heatins and cooling of these new work places and
alse emissions from the manufacturing processes. bBata on the forecasted
Increase of this induced growth was given, so the amount of HC wumissions
can be ecomputed. The figures on Table §.9 represent emissiens from the four
largest source activities affected hy the project. (That is, activities
which are a direct result of the net growth of the area surreunding the
airport.) By adding these totals te the total on-site‘cmissions, the "with-

project' scenario is complete.
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DRAFT

Tabla B.9. Annual HC Emisslons from Induced Growth

HC Emlssions (103 kg)

Activicy PY1 PY5 PY10
Air Passenger and Visitor Auto

Traffic To and From Hetro 59.2 82.2 131.3
New Off-Site Employee Auto Traffiec 138.0 152.6 160.4
Heating and Cooling of Hew

Workplacas 0.1 0.9 2.1
Hanufacturing Processes 0.2 1.8 4.2
TOTAL 197.5 237.5 288.0
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B.3 ON-SITE EMISSIOL REDUCTION STRATLEGY

To help decrease on-site airport emisslons, a test case was run using
the AVAP model. It was assumed thar instead of taxiing to the runway, each
aireraft would be towed by a ground vehicle. To simulate this strategy the
emlssion factor for the taxi-idle mode was decreased to account only for
emissions from the idle mode. The modified emission Facrors, assumed the
same for all years, are shown on Table B.10. Applying these new factors
to the alrcraft operations produces the new emissions by alrcraft type
listed on Tahle B.1l. Table B,12 summarizes the total on-airport emissions
using the towing strategy. This strategy, used for all aireraft, can produce

‘& decrease in alrcraft HC emissions of 44%, 38%, and 32% in project years

1, 5, and 10, respectivaly. Total airpert emissions decreased 27% in project
year 1, 22% in project year 5 and 18} in project year 10 as a result of this
towing strategy.
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Table B.10. Emission PFactors for Taxi-~Idle Mode for
Alrcrafc Towing Strategy (kp/hr/aireraft)
All Project Years
Alrverafe® HE NO_
DC-9 0.602 0.264
B-727 0.903 0.396
Be-99 0.502 0.264
¥S-11 0.602 0.264
3=-737 0.602 0.264 |
B-747 1.204 0.528
L-1011 0.9503 0.396
DC~10 0.903 0.3%6
Ga-jet 0.602 0.264
GA~piston 0.301 0.132

8GA=General Aviation
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Annual Emissions by Aireraft Type for
Aireraft Towing Stratepy (103 kg)

HC Emissions

NO_ Emissions
x

Afrcrafe?® PYL PY5 Y10 YL Y5 PY10

DC-9 163.6 178.3 192,9 637.7 498.3 358.8
B~727 212.6 231.5 250.4 654.8 482.9 311.1
Be-99 0.9 1.3 1.7 0.3 32.2 64.1
¥8-11 0.9 0.9 1.0 2.4 2.9 3.4
B-737 14.7 16.1 17.5 53.6 41,9 30.2
B-747 246.8 292.2 337.6 520.9 723.4 526.0 "
L1011 100.6 113.8 127.0 458.0 357.8 257.6
DC-10 107.3 110.0 112.7 1061.4 790.2 518.9
GA~jet 8,5 8.4 8.3 18.4 12.2 6.0
GA-piston 0.7 1.1 1.4 0.2 20.6 40.9
Total jet 855.0 951.2  1047.4 3807.2 2909.6  2012.0
Total non-~jet 1.6 2.4 3.1 0.5 52.8 105.0
TOTAL 856.6 953.6  1050.5 3807.7 2962.4  2117.0

ElGA=-G1=.-r:u?.l:aJ. Aviation
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kg)

Annual On-Airport Emigsions Wich
Airveralt Towing Strategy (10

HC Emisaiens u Fmissions

Source PYL PYS PYIO PYL PY5 PY106
Alrcraft with

Towing 856.6 953.6 1050.5 3807.7 2962.4 2117.0
Ground Service

Vehicles 306.8 369.4 432.,1 168.4 202,8 237.2
Access Traffic 196.1 204.6 213.2 88.3 85.4 82.4
Engine Test 36.1 21.6 7.0 199.6 162.2 124.8
Heating and

Cooling 0.8 0.8 0.8 9.4 9.4 9.4
Fuel Handling

and Storage 397.7 470.6 543.4 0 0 0
Miscellaneous 6.7 8.1 9.5 2.3 2.3 2.3
TOTAL 1800.8 2028.7 2256.5 4275.7 3424.,5 2573.1
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