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1.0 INTRODUCTION

The Aviation Safety and Nolse Abatement Act of 1979 authorized the
establishment of a voluntary program of local airport noise compatibility planning,
and directed the standardization of the procedure for representing and evaluating
alrport noise. Speciflcally, the Act directed the Secretary of Transportation,

through regulations, to:

a Establigsh a single system of measuring noise, for which there {8 a highly
reliable relationship between the projected nolse exposure and surveyed
reactions of people to noise, to be uniformly applied in measuring the
noise at alrports and the areas surrounding the airports;

b Establish a single system for determining the exposure of individuals to
nofse which results from the operations of an airport and which
includes, but is not lUmited to, noise intensity, duration, frequency, and
ttme of occurrence; and

c. Ildentify land uses which are normally compatible with various exposures
of individuals to nofse. (Public Law 96-1953, Sec. 102.)

In response to this legislative mandate, the Federal Aviation Administration
(FAA) tssued Part 150 of the Federal Aviation Regulations, Alrport Noise Compat!-
bility Planning (14 CFR 150) in 1980. This procedure adopted A-welghted Sound
Level as the "single" unit for measuring noise, designated Day-Night Average
Sound Level (DNL) as the "single system" for determining the exposure of
individuals to airport noise, and included a table of land uses which were
considered to be normally compatible or incompatible with various levels of

Yearly DNL.

The selections of A-welghted Sound Level, DNL, and the normally com-
patible land uses were based on the best scientific information available at that
time (References 1 to 3), In general, DNL was also adopted by the FAA for Its
environmental assessments under the National Environmental Policy Act (Refer-
ence 4), and by most other federal agencies in their environmental reviews,
Recent research has supported these findings [Reference 5).

1-1



]
1—.—

1]

bl

i_.

L1

4

L.

— L

l"‘:

In recent years, there have heen Indications of increasing dissatisfaction
with the accepted ailrport noise evaluation methodology and the compatibility
guidelines designed above. In particular, the U.S, Environmental Protection
Agency (USEPA) has raised a number of {ssues concerning the present federal
process for evaluating alrport environmental noise effects, ‘The USEPA's concerns
focused on the adequacy and applicability of current methodologles and metrics,
the definition of full disclosure, and the extent of mitigation measures which
should be considered in an environmental document. Of particular concern to the
USEPA, and one of the subjects of this report, is the evaluation of impacts at levels
of impact below a DNL of 65 decibels (dB).

The purpose of this report is the quantification and documentation of
alrport nofse impacts using a noise exposure metric based cn single-event nolse
levels, rather than the equal-energy concept embodied In the DNL metrie,

1-2




20 ANALYSIS PROCEDURE

2.1 Purpose

This report Is intended to provide a quantitative analysis to determine if a
single-event noise metric will provide additional insight and sensitivity in the
assessment of ailrport community noise impacts i comparison with the accepted
DNL, and whether such a metric would lead to a different decision regarding the
adoption of alternative nolse abatement actions, especially at nofse exposure levels
normally considered compatible with residential land use (a DNL less than 65 dB),
By comparing noise impacts around representative airports, determined through
the use of a single-event noise metric based on Sound Exposure Level (SEL), with
those determined through the use of DNL, and in turn comparing both with an
intuitive judgment of those nofse impacts, it was intended to determine if the
SEL-based metric provided meaninglful advantages over DNL.

22 Description of the Duta Base

To provide a realistic basis for comparing the efficacy of the two metrics,
the study selected eight U.S. alrports (or analysi{s purposes. An earlier FAA study
{Reference 6) had analyzed the noise characteristies of the U.S. airports providing
commercial atr service, and had grouped those airports into five categories for
analytical purposes, These were;

¢ Large-size, Long-range alrports {LLR) - 6 major airports with average
daily operations ranging from 166 to 789;

* Large-size, Medlum-range airports (LMR) - 22 major airports with
average datly operations ranging rom 153 to 791;

* Large-size, Short-range alrports (LSR) - 44 majfor airports with average
dally operations ranging from 139 to 628;

s  Medium-size, Short-range airports (MSR) - 111 alrports with average
dally operations ranging from 14 to 72; and

¢ Small-size, Short-range airports (SSR) - 64 alrports with average dally
operations ranging from 6 to 29,

2-1
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Using these categories as a guide, eight airports were selected for analytical
purposes, providing a representative sampling of the U.5, airports included above.
These selections were also influenced by the amount of information on hand for
each, to facilitate quantitative analysis. The selected alrporis were:

s One Large-size, Long-range airport, designated Airport "A";
s One Large-size, Medium-range airport, designated Airport "B™

s Three Large-size, Short-range alrports, designated Airports "C", "D"
a.tld liEllI

* Two Medium-size, Short-range airports, designated Airports "F" and "G";
and

¢ One Small-size, Short-range airport, designated Airport "H".

Sufliclent data were on hand for each of these alrports to allow computer analysis
with the FAA's Integrated Noise Model.

IT SHOULD BE EMPHASIZED THAT THE SELECTION AND USE OF
‘THESE EIGHT AIRPORTS DO NOT IMPLY ANY UNIQUE CHARACTERISTICS
OR OTHER IMPORTANCE IN REGARD TO THEIR NOISE IMPACTS, OR THAT
THE NOISE IMPACTS RESULTING FROM THIS ANALYSIS ARE HIGHLY
ACCURATE OR REPRESENTATIVE OF THE ACTUAL COMMUNITY NOISE
CONDITIONS THERE. THE AIRPORTS ARE PURPOSELY NOT IDENTIFIED
BY NAME TO ENSURE THAT NO UNWARRANTED CONCLUSIONS COULD
BE DRAWN FROM THE ANALYTICAL RESULTS. THESE AIRPORTS WERE
SELECTED SOLELY TO PROVIDE SOME QUANTITATIVE REPRESENTATION OF
REALISTIC OPERATING CONDITIONS. SOME OF THE PERTINENT CHAR-
ACTERISTICS OF THESE AIRPORTS WERE PURPOSELY ALTERED AND
SIMPLIFIED FOR COMPUTATIONAL CONVENIENCE, 80O THAT THE
RESULTS CANNOT BE TAKEN TO REPRESENT THE ACTUAL AIRPORT
NOISE CONDITIONS.
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2.3 Description of Altemnatives Ananlyzed

To provide a basis for the comparisont of nioise analyses employing the two
different metrics, a base case was assumed for each of the elght airports,
approximating the latest available operations information appropriate to each. As
noted above, some simplifications were made to facllitate the computations.
Inasmuch as the results are intended for comparison purposes only, the absolute
accuracy of the assumptions was relatively unimportant. For direct comparison to
the base case, four alternative actlons were applied at each airport, intended to
alter the noise impacts on surrounding communities in a predictable manner, so
that the changes in the noise Impacts as represented by the metrics could also be
compared with the intuitive changes expected. The alternatives used were:

Alternative #1 - All nighttime operations (those from 2200 to 0700 the
following morning) were converted to daytime operations, with the total
number of operations and mix of aircraft types held constant; because of
the nighttime penalty of 10 decibels Included in the definition of DNL,
this alternative was expected to reduce noise impacts around all

alrports;

Alternative #2 - An air cargo hub operation was added to each airport,
representing a "Federal Express-like” operation such as that currently
present at Memphis International Airport; the addition of a large
number of nighttime operations was expected to increase nolse impacts
substantially around all airports;

Alternative #3 - All operations of Stage 2 airplanes at each airport were
converted to Stage 3 models of similar performance [but inherently
quieter, of course), with the same number of total operatlons; the
substitution of quieter airplanes was expected to reduce noise impacts
significantly around all of the airports; and

Alternative #4 - Flight tracks were altered as judged beneficial to take
advantage of less noise-sensitive areas around each airport; no attempt
was made to assure that such changes were practical or to determine if
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they affected air traflic safety or airport/aifrspace capacity: the purpose
was only to make changes in community noise impacts which should
provide some small reductions in those impacts,

Air traffic patterns at Atrport "B" have been reviewed and studled in
considerable depth during recent years, because of noise issues there. In
attempting to apply Alternative #4 to Airport "B", it was not possible to find any
better flight tracks than those already {n use there. This alternative was not used

for the analyses at Airport "B,
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30 CALCULATION OF IMPACTS

This section describes the technlque used to compute the areas and
number of people impacted by aircraft operations around the candidate airports.
It also describes the results of these computations,

3.1 Introduction

The areas enclosed by the DNL and SEL contours are calculated hy the
COMPUTE and SELCOMP module (described in detall in Appendix C), respec-
tively, and are printed at the bottom of the contour plots as well as in the output
files that these programs generate, Thus tabulating these data is a straightforward
task. It should be noted that these areas do not distinguish between land and
bodies of water. Thus, in the case of alrports near major boedies of water, the
actual populated areas impacted can decrease substantially.

On the other hand, determining the populations impacted by aireraft
operations is a time-consuming and labor-intensive task. Several methods can be
used to analyze the !mpacts for the DNL and SEL contours independent of each
other. However, the method finally selected had to be one that would allow a
direct comparison of the two diiferent noise metrics, The alternate techniques
that were tried as well as the one that was eventually chosen are described in the
following section.

The resulis for Alrport "H" have not been considered in this analysis, This
is due to the [act that the contours associated with this alrport are very small in
relation to the scale of the census traet map (1 inch = 2 miles), making it difficult
to determine accurately the populations impacted by operations at this airport.

At an early stage of the analysis it became evident that extending the SEL
population irnpact computations to 85 dB was extremely time-consuming, since
these contours extend outward for very large distances - far greater than even the
lowest DNL (55 dB) contour. Since this study seeks to compare the two metrics,
it was decided that the analysis would be limited to the region affected by DNL
55 dB and higher, It was therefore agreed by a!l the parties involved in this study
to limit the analysis to SEL of 90 dB and higher - although the SEL 90 dB contour
also usually extends beyond the PNL 55 dB contour.

3-1




32 Technigue to Determine Population Impacts

The techniques described below were used to determine the populations
impacted by aircrafi operations around each of the candidate airports and for all
the scenarios described earlier.

In all instances, the 1980 census tract maps and the associated "Census of
Population and Housing” document prepared by the U.S. Census Bureau were used
to determine the impacted populations. The maps are generally drawn at a
standard scale where 1inch represents 2 miles, However, densely populated
areas are sometimes drawn at a more detailed scale. Insofar as the eight
candidate airports are concerned, a!l the maps were at the standard scale except
Alrport "C", which was represented at a scale of 1 inch equals 4 miles,

The coordinate system that is used in the INM Is normally a right-handed
one with the origin located at some prominent [eature, such as the end of a
runway or the Intersection of two runways. However, this choice is entirely
arbitrary and Is determined by the user. Thus, before any analysis was attempted,
each of the candidate airports' runways was accurately located and drawn on the
assoclated census tract map at the appropriate scale, The origin of the coordinate
system was consistent with the INM Input flles,

All the INM nolse contours were plotted at the same scale as their
associated census tract maps. They were then copled onto transparent sheets so
that they could be overlald on the maps.

In Appendix C, it i3 noted that the program DNLSEL generates a detailed
report that gives the DNL value as well as the numbers of operations that exceed
specifled SEL values at regular intervals, For the purpose of this analysis, all the
cases yielded detailed reports at one-mile intervals. Thus a regular square grid
was prepared on a large trangparent sheet such that it could be overlaid on the
census tract maps and the information in the detailed reports could be used,

Technique #1

For a given DNL contour plot, the following method was used to determine
the impacted population.



First, the contour plot was posltioned on top of the census map, with the
runways correctly aligned, All the census tracts that lay within the contours were
determined. The total population for each of these tracts was then determined
from the "Census of Population and Housing" publication.

To determine the population within each contour interval of a census tract:

L A one-eighth-inch grid map was overlaid on the census tract and the
total number of grid cells within that tract was determined.

it. The total population of the tract was divided by the total number of grid
cells determined in step 1, above, to obtain a population-per-grid cell,

il, The number of grid cells within each contour interval in this census
tract was determined, and this was multiplied by the population-per-
grid cell to chtain the population impacted within that contour intetval,

Once the population impacted within each contour interval had been
compuited for all the census tracts, they were summed to determine the total
population Impacted in each contour interval for the alrport and scenario being
analyzed,

This method is possibly the most accurate way to determine the numbers of
people impacted by the different DNL contours. However, this technique is not
appropriate for the maximurm SEL contours, since what is required i3 not merely
the number of persons that lie within each contour interval, but rather the
"people~incidents” — that i{s, the number of persons that are exposed to a given
SEL level muitiplied by the number of operations that exceed that level. For
this analysis, the "people-incidents" that exceed SEL 90, 95, 100, and 105dB
were required,

For completeness, the technique deseribed above was also used for the SEL
contours to determine the number of persons that are impacted within each
contour interval - that is, without the additlonal computation of the "people-
ineidents”, As mentioned earlier, this technique is not valid for the SEL analysis,
and so a comparison of the two results (DNL and SEL) is not meaningful,
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Technique #2

The first step fn this technique was the same as in the previous one-
namely, the contour plot was positioned on top of the map, with the runways
correctly aligned, All the census tracts that lay within the different contour
intervals were identified. The tota! population for each of these tracts was then
determined from the "Census of Population and Housing" publication,

To determine the population per square mile within each contour interval
of a census tract:

L The census tract was overlald with a one-eighth-inch grid and the
number of grid squares within that tract was counted,

i, The total population of the tract was divided by the total number of grid
squares to determine the total population per grid square,

itt, The population-per-grid square was multiplled by 186 or 4 if the census
tract map scale was 1 inch = 2 miles, or 1 inch = 4 miles, respectively, to
obtain the population per square mile.

In order to obtain the "people-incidents”, the detailed report generated by
the program DNLSEL was entered into a computer spreadsheet, As described
previously, this report contains the numbers of operations that exceed each SEL
level at the centers of one square mile areas. The census tract in which each of
these points lay was tdentifled, and the population per square rnile for that census

" tract (determined earller) was multiplied by the numbers of operations in each

SEL interval (that is, greater than 90, 85, 100, and 105 dB) to yield the corre-
sponiding "people~incident" count, These are then summed over each of the SEL
Intervals to obtain the total people~incidents for the alrport being considered.
Since the numbers of operations in the detailed report are cumulative, the resuit
of these computations {s a table of cumulative "people~incidents”.

The sarne methodology was adopted to compute the populations impacted
within the DNL contours. Apart from the SEL values and numbers of operations,
the detailed reports also list the DNL value at the centers of the one-square-mile
areas. The population within each of these areas had already been tabulated in the
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computer spreadsheets while performing the computations of the "people-
Incidents". It was then a relatively straightforward procedure to sum up these
populations based on whether the points lay within 55 and 59.9 dB, 80 and
64.9 dB, and so on up to 80 dB. The tolals that were generated at the end of this
analysis gave the populations impacted within the DNL 55-60 dB, 60-65 dB, etc.,
"banda". These were then appropriately summed to obtain the cumulative totals
that are shown In the following sections.

3.3 DNL Anulysls Results

The resuits of the DNL analyses, for both the areas and populations
impacted, were consistent with that which was expected. The relative changes
from the base case agreed Intuitively with the expected changes for all. of the
seven airports, especially for those areas outside the DNL 65 dB contour, These
trends are tabulated in Table 3-1 (impacted areas) and Table 3-2 (impacted
populations), and are presented graphically in Figures 3-1 through 3-14. The
baseline DNL contours are included in Appendix A, Note that the areas and
population counts are cumulative; that is, the values shown represent the totals
enclosed within each nolse contour. Because of the small nolse impacts found for
Airport "H", its results are not considered meaningful and are not included in the
following discussion,

Although the noise contours are displayed for DNLs from 55 through 80 dB
in 5-decibel increments, the areas and populations counts are tabulated only for
75 dB and below. For all of the airports analyzed, no resfdential populations were
impacted by DNLs above 80 dB. Thus this level of impact was disregarded.
Addressing each of the alternatives examined:

o Alternative #1 (no night operations): Because of the 10 dB nighttime
penalty incorporated in the DNL, the ellmination of nighttime operations
at an airport should reduce the extent of the DNL noise contours,
depending on the proportion of nighttime operations in each case;
except for the very small contours at Afrport "H", Alternative #1
produced reductions in cumulative areas and populations impacted at all
alrports and DNL contours.
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Table 3-1

Summary of Cumulative Areas Impacted by

Levels Exceeding Various DNLs

Alrport

Scenario

Tmpacted Areas, Square Miies

Day-Night Average Sound Lével (DNL) Greater Than

5848 €0dB 68 dB 70dB 78483
A BASE 183.5 77.0 32,5 16.1 9.1
ALT 11 1153 48.8 22,0 119 6.5
-37% -37% -329 -26% -29%
ALT #2 279,2 118.2 46.9 21,9 11.4
52% 54% 44% 36% 25%
ALT #3 78.5 333 13.8 6.7 2.2
-57% -57% -58% -58% -76%
ALT #4 1811 77.0 az2.6 162 8.8
-1% 0% 0% 1% -3
B T HASE 1198 | B58.1 28.0 11.9 a4
ALT 91 86.8 42.4 20.3 8.0 3.0
-28% -27% -2B% -33% -32%
ALT #2 248.1 106.7 52,0 26.0 10,5
105% 84% 86% 118% 139%
ALT #3 29.5 10.6 4.2 2.1 1.0
-75% -82% -85% -82% -77%
ALT #4 NA NA NA NA NA
C BASE 713 35.0 15.9 5.4 .5
ALT #1 62.2 31.7 13.8 48 L7
-13% -12% -13% -0% -11%
ALT #2 2209 99.8 49,3 25,8 9,9
2129 178% 210% 387% 421%
ALT #3 16.8 6.4 2.6 12 0.4
-76% -82% -B4% -77% -79%
ALT #4 66.9 35.5 16,3 53 2.0
-8% -1% 39 0% 5%
D BASE 26.8 14.4 8.0 3.6 14
ALT #1 22,0 11.9 6.4 2.5 1.0
~18% -17% -20% -28% -29%
ALT #2 44,4 25.0 14.4 7.8 3.6
66% 74% 80% 117% 157%
ALT #3 148 7.1 3.0 1.3 07
-45% 518 -63% -64% -50%
ALT #4 25,4 14.2 8.2 3.7 1.3
5% -1% 2% 3% -7%

NOTE; Ferccntages denote change relative to the Dase case,
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Table 3-1 (Continued}

Impacted Arens, Square Milea

Alrport | Scenarlo Day-Night Aversge Sound Lovel (DNL) Greater 1 han
588 dn £0 dn 65 dB 70 d8 73 dB
E BASE 129.4 54,7 25.1 105 4.1
ALT #1 65.2 30.7 13,5 5.3 2.1
-50% -44% -46% -50% -49%
ALT #2 245.7 1188 54.6 27.9 109
90% 117% 118% 186% 166%
ALT #3 34.0 132 49 2.4 0.7
-74% -76% -80% -78% -83%
ALT #4 130.3 63.9 25,2 10.6 4,1
1% 1% 0% 1% 0%
F E 39.1 16.9 6.3 3.2 0.7
ALT #1 24.5 9.3 a3 1.1 0.4
-379% ~45% -48% -50% -43%
ALT #2 84.4 40.9 19.4 7.3 2.4
116% 142% 208% 232% 243%
ALT #3 7.4 2.6 0.9 0.3 0.1
-81% -85% -86% -86% -86%
ALT #4 36.6 17.3 6.7 2,2 0.8
-6% 204 6% 0% 149
G BASE —ar.4 17.8 7.5 2.9 1.1
ALT #1 36.7 17.4 7.5 2.9 1.1
2% -2% -1% 0% 0%
ALT #2 182.3 81,7 39,2 19.0 8.1
387% 359% 416% 555% 636%
ALT 43 13.1 55 2.3 1.0 0.5
-65% -69% -70% -66% -55%
ALT #4 37.5 17.8 7.9 3.0 1.1
0% 0% 4% 3% 0%
H BASE 4.3 1.8 0.7 0.3 0.1
ALT 11 4,1 1.7 0.7 03 0.1
-5% -6% 0% 0% 0%
ALT #2 62.9 31.8 15.3 59 2.0
1363% 1667% 2086% 1867% 1900%
ALT 43 43 1.8 0.7 03 0.1
0% 0% 0% 0% Q%
ALT #4 4.8 1.8 0.7 0.3 0.1
129 0% 0% 0% 0%
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Table 3-2

Summary of Cumnulative Populations Impacted by

Levels Exceeding Varlous DNLs
Impncted Populations
Afrport | Scenario Day-NIght Average Sound Level (DNL) Greater Than
5848 6048 65 dB 70 dB 7548
A BASE | 482325 | 263354 | 99,594 38,416 13,504
ALT #1 | 385612 | 185484 | 71034 38,416 0
-20% -30% -29% 0% -100%
ALT #2 | 545526 | 342,872 | 140908 | 80474 13,504
13% 30% 41% 57% 0%
ALT #3 | 304280 | 172822 | 59,162 38,416 13,504
-37% -34% -41% 0% 0%
ALT #4 | 426202 | 261322 { 99,594 38,416 13,504
-12% -19 0% 0% 0%
B BASE | 246,080 | 1ILB40 | 60,064 4,495 0
ALT #1 | 188326 | 73.670 24,448 2,400 224
-23% -34% -59% -47%
ALT #2 | 378521 | 220,656 | 86,432 59,840 4272
53% 97% 44% 1231%
ALT #3 | 49,600 12,112 224 224 0
-80% -89% -100% 050 0%
ALT #4 NA NA NA NA NA
C BASE 81,008 50,806 98,512 2,499 0
ALT #1 72,174 45,940 21,529 2,490 0
-11% ~10% +24% 0% 0%
ALT #2 | 144523 | 102,062 | 64,495 37,702 13,568
78% 101% 126% 1409%
ALT #53 | 36,935 1,950 0 0 0
-54% -96% «100% -160% 0%
ALT #4 | 85,185 50,524 28,668 2,499 0
5% -1% 1% 0% 0%
D BASE 54,063 30,944 16,394 12,144 0
ALT #1 | 47408 28,512 14,576 2,480 0
-9% -8% -25% -80% 0%
ALT #2 | 609,854 48,776 27,312 14,576 12,144
34% 58% 41% 20% _
ALT #3 | 34,556 18,188 9,644 0 o
-34% -41% -50% -100% 0%
ALT #4 | 52,084 30,944 19,344 12,144 0
0% 0% 0% 0% 0%

NOTT: Percentages denote change relative to the base case.




Table 3-2 [Continued)

Impacted Populations
Alrport | Scenarlo Day-Night Average Sound Level (DNL) Greater Than
5348 80dB 63 dB 7048 7848
E BASE 94,502 39,994 11,901 4,455 608
ALT i1l 45,371 17,307 4,867 814 304
-52% -57% -59% -82% -50%
ALT #2 | 261475 | 115424 | 40,043 15971 4,656
176% 189% 236% 258% 666%
ALT #3 | 28,707 9,176 3,387 716 0
-70% -77% -72% -84% -100%
ALT #4 | 97201 36,809 12,733 4455 608
3% -8% 7% 0% 0%
T BASE 03392 | 43,408 15.696 4,032 1394
ALT #1 60,064 21,552 5,376 4,032 0
-42% -50% ~66% 0% -100%
ALT #2 | 207.660 | 108388 | 42,912 16,000 2,668
101% 1509 173% 297% 100%
ALT #3 17,040 5,376 1,344 0 0
-84% -88% -91% -100% -100%
ALT #4 | 85,964 38,544 12,672 4,032 1,344
-17% <119 -19% 0% 0%
G BASE | 7LG53 22,147 13,910 7,360 41
ALT #1 70,040 21,699 13,810 7,368 41
-2% -2% 0% 0% 0%
ALT #2 | 160,975 | 106784 | 54,363 16,472 6,541
125% 3829% 363% 124% 15854%
ALT #3 15,335 10,549 7,200 41 0
-79% -52% -48% -99% -100%
ALT #4 | 74,852 24,100 13,910 7.368 41
49 9% 0% 0% 0%
H BASE 2,144 2,144 0 0 0
ALT 11 2,144 2,144 0 0 0
0% 0% 0% 0% 0%
ALT #2 | 140436 | 67.360 11,072 2,144 0
6450% 3042% _ _ 0%
ALT #3 2,144 2,144 0 0 0
0% 0% 0% 0% 0%
ALT #4 3,216 2,144 0 0 o
50% 0% 0% 0% 0%
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Alternative #2 (increased nighttime operations); Again because of the
10 dB nightiime penalty, the addition of nighttime operations at an
airport should increase the extent of the DNL noilse contours; Alterna-
tive #2 consistently praduced larger areas and populations impacted at

all alrports.

Alternative #3 (all Stage 3 airplanes): Airplanes certified to the Stage 3
noise standards are substantially quieter than the older, Stage 2 models,
so that the conversion of all operations at an airport to Stage 3 models
should decrease the extent of the DNL noise contours; with the excep-
tion of Alrport "H", Alternative #3 produced smualler areas and popula-
tions impacted.

Alternative #4 {changes in flight tracks): This alternative was intended
to take advantage of non-noise-sensitive areas, such as bodies of water,
industrial developments, and major surface transportation rights-of-way
around each atrport., to minimize populations impacts, insofar as
feasible; the noise contour areas were expected to remain essentially
unichanged, as Table 3-1 clearly shows. The impacted populations
generally decreased, although in some Instances the changes resulted in
an {ncreased impact. There are several reasons why this could happen,
Some of the candidate airports do not have major bodles of water
{or similar non-noise-sensitive areas) that they can utllize to minimize
the impact on the population. Since the adjoining areas are frequently
very heavily populated, a change In one flight track may result In
decreased impact while another modified flight track could actually
increase the impact, resulting in a net increase In impacted population,
The modifled flight tracks were chosen simply by identifying a nominal
"path of least impact" on the base map: some of these maps were fairly
old. No detailed flight track analysis was attempted. Thus the scenarios
mentioned above could clearly have occurred, resulting in some Incon-
sistent results,
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34  SEL Results

The results of the SEL analyses were not consistent with the changes in
nolse impacts that were expected. The areas of the contours of maximum SEL did
not change for Alternatives #1 and #2, inasmuch ag these contours are governed by
the noisiest airplane operating at each airport. and the elimination or addition of
nighttime operations did not affect that factor, Alternative #3, the substitution of
only Stage 3 operations at each afrport, produced a decrease in contour area,
reflecting the operation of only quieter airplanes. Alternative #4, the changes in
flight tracks, generally produced smaller SEL contours. These trends are
tabulated In Table 3-3 (impacted areas) and Table 3-4 (impacted populations), and
are presented graphically in Figures 3-15 through 3-28, The baseline SEL
contours are included in Appendix B.

On the other hand, the "people-incidents" counts did vary considerably, in
somewhat unexpected ways. Since this measure of impact 1s a function of the
number of ailrplane overflights above the specifled SEL threshold multiplied by the
exposed population, the results are most sensitive to those factors.

* Alternative #i1 (no nighttime operations}: The numbers of "people-
incidents" computed for this alternative showed only slight changes,
except within the highest SEL contour (105 dB), These slight changes
result from the computational procedure (l.e., rounding down of frac-
tional operations towards zero), inasmuch as the number and mix of
alrplanes and thelr flight tracks did not change,

* Alternative #2 (increased nighttime operations): The number of
“‘people~-incidents” computed for this alternative increased as expected,
consistent with the increase in numbers of flights represented by the
added nighttime operations, with the exception of Alrport *G" for SELs
above 95 dB; the reductions In "people-Incidents” at Airport "G" are due
to the rounding down of fractional operations towards zero, whereby a
grid point with a significant population was not included in the final

totals,
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+ Alternative #3 (all Stage 3 airplanes): ‘The SEL contour areas decreased
in size as the result of substituting quieter airplanes at each airport, as
expected; the reductions in areas and "people-incidents" are roughly of
the same magnitudes as the reductions from the DNL analyses,

especially beyond DNL 65 dB,

+  Alternative #4 {change in flight tracks): The changes in SEL contour
areas and population impacted do not fellow any apparent pattern, The
reasons for this were discussed in the previous section.
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Table 3-3

Summary of Cumulative Areas Impacted by Levels

Exceeding SEL 90 dB
Impacted Areas, %unre Miles
Alrport | Secenarlo Sound LLxposure reater
20dB 9548 10043 108 dB
A BASE 77.1 3r.s 241 129
ALT #1 77.1 37.3 24.1 12.9
0% 0% oot 0%
ALT #2 77.1 ar.a 24.1 129
0% 09 0% 0%
ALT #3 50.9 24,5 12,2 4.8
-34% -34% -49% -63%
ALT #4 771 37.3 24.1 12.9
0% 0% 0% 0%
B BASE 134.0 60.8 36.5 15.3
ALT 11 1340 60.8 35.5 15.3
0% 0% 0% 0%
ALT #2 134.0 60.8 35.5 153
0% 0% 0% O%
ALT #3 1.0 24.4 10.5 4.2
-47% -60% -70% -73%
ALT #4 NA NA NA NA
c BASE 101,58 51,2 20,8 10.2
ALT #1 101.5 51.2 20.8 10.2
0% 0% 0% 0%
ALT #2 1015 51,2 29.8 10.2
0% 0% 0% 0%
ALT #3 152 46 1.3 0.5
-85% -91% -96% -95%
ALT #4 92,2 46,8 27.4 9.6
-9% -9% -8% -6%
D BASE 70.7 6.3 18.3 5.0
ALT #1 70.7 36.3 18.3 5.0
0% 0% 09 0%
ALT #2 70.7 36.3 18.3 5.0
0% 0% 0% 0%
ALT #3 399 18.7 8.5 2.4
-44% -48% -64% -5204
ALT #4 56.0 a1ns 17.0 4.5
-21% -13% -7% -8%

NOTE: Percentages derote change relatve to the base case,
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Table 3-3 (Continued)

“Impacted Arcas, Squarc Mifes
Alrport | Scenario Sound tapocure Level Greater Than
80 dB 9548 100 dB 108 dD
E BASE 1683.8 68.9 39,1 13.6
ALT 11 163.6 63.9 39,1 13.6
0% 0% 0% 0%
ALT #2 1836 68.9 39,1 13.6
0% 0% 0% 0%
ALT 43 92.7 39.7 17.7 62
-43% -42% -559% -54%
ALT #4 1490 66.5 38.1 13,5
9% -3% 304 -1%
3 R 87.5 40.7 T3 7.8
ALT #1 875 407 22,3 75
0% 0% 0% 0%
ALT #2 87.5 40,7 22.3 7.5
0% 0% 09 0%
ALT #3 10,0 3.0 0.8 0.1
-85% -53% -96% -99%
ALT #4 63.6 30.2 17.1 8.1
-27% -26% -23% -19%
G BASE 114.5 56.1 26.1 6.9
ALT #1 114,5 5§6.1 26.1 6.9
0% 0% 0% 0%
ALT #2 114.5 56.1 26.1 6.9
0% 0% 0% 0%
ALT #3 ars 16,0 4.2 1.7
-67% -71% -84% -75%
ALT #4 92,1 45.8 21.5 6.2
-20% -18% -18% -10%
H BASE | 84.2 14.9 34 1.8
ALT #1 34.2 14.9 4.4 1.8
0% 0% 0% 0%
ALT #2 89.1 42,0 23,7 8.1
161% 182% 439% 350%
ALT #3 34,2 149 44 1.8
0% 0% 0% 0%
ALT #4 18,9 104 4,1 1.8
-45% -30% -7% 0%
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Table 3-4

Summary of Cumulative Populations Impacted by Levels

Exceeding SEL 90 dB
People incldents (Persons Alfected = No. of gpgﬂ
Alrport | Scenario Sound Exposure Level (SEL} Greater
20 dB 03 dB 100dB 105 dB
A BASE 18,598,096 4,483,152 B43,060 69,920
ALT #1 18,712,035 4,494,756 859,332 87,450
1% 1% 286 25%
ALT #2 21,021,312 5,017,962 860,020 83,424
13% 13% 29 19%
ALT #3 12,218,628 3,108,738 717,215 48,468
-34% -30% -15% -319%
ALT #4 17,889,664 4,399,136 843,060 69,920
-4% =196 0% 0%
B BASE 5,155,660 1,711,904 626,640 55,120
ALT #1 5,266,608 1,776,172 658,000 7,472
2% 4% 5% 30%
ALT #2 6,796,077 2,194,432 940,480 78,752
32% 2894 50% 43%
ALT #3 266,178 27.728 7.616 224
-95% -98% -09% -100%
ALT #4 NA NA NA NA
C BASE 2,295,481 971,457 582,247 163,312
ALT 2,242,668 968,943 377,191 187,806
2% 0% =19 2%
ALT #2 3,452,023 1,386,961 596,873 281,929
50% 43% 56% 549
ALT #3 1,146,323 363,253 195,840 4}
-50% -64% -49% -100%
ALT #14 2,329,083 975,580 389,555 178,080
1% 0% 2% -3%
D BASE 2,048,330 974,688 358,768 17.248 |
ALT #1 2,056,763 a77.072 359,936 17248
0% 0% 0% 0%
ALT 2 2,440,800 1,199,376 485,200 51,744
158% 23% 359 200%
ALT #3 814,978 308,768 51,040 11,088
-60% «68% -86% -36%
ALT #4 2,064,352 964,128 358,768 41,568
1% -1% 0% 141%

NOTE; Percentages deniote change relative to the base case,
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Table 3-4 (Continued)

___.L_a_

Peopic Incldents (Persens Allected £ No. of Ops.)

Airport | Seenario Sound Exposure Level (SEL) Greater Than
80 dB 95 dB 100 dB 108 dB
E BASE 1,200,522 398,784 161,246 23,297
ALT #1 1,251,671 422 549 156,424 25,769
4% 6% 3% 11%
ALT #2 1,901,842 555,859 213,253 30,607
58% 39% 419 31%
ALT #3 299,751 20,109 2,829 0
-75% -95% -08% -100%
ALT #4 1,235,009 406,578 151,774 23,405
3% 2% 0% 0%
T BASE 1,125,696 524,028 196,208 69, 104
ALT #1 1,144,416 524,806 194,320 67,776
1% 0% -1% -29%
ALT #2 1,662,176 738,720 200,304 89,824
47% 41% 48% 30%
ALT 43 175,820 34,944 10,752 0
-84% -83% -95% -100%
ALT #4 1,051,659 483,136 184,082 76,037
-7% ~79% -6% 10%
G BASE 2,212,459 970,105 595,131 134,037
ALT #1 2,212,559 972,397 396,277 135,183
0% 0% 0% 1%
ALT #2 2,688,640 861,821 265,928 62,539
21% -11% -33% -53%
ALT #3 586,329 237,608 80,203 7.413
-73% -75% -77% -54%
ALT #4 2,236,472 1,005,437 446,871 184,814
1% 4% 13% 38%
H — BASE 87,5684 10,720 4,288 4,258
ALT #1 84,584 10,720 4,288 4,288
3% 0% 0% 0%
ALT #2 364,082 118,816 70,528 8,576
316% 1008% 15450 100%
ALT #3 87,584 10,720 4,288 4,288
0% 0% 0% 0%
ALT #4 30,016 10,720 6,432 4,288
-66% 0% 50% 0%
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4.0 COMPARATIVE DNL/SEL ANALYSIS

In order to compare the results of this analysis, the DNL and SEL impact
matrices of the previous sectionn have been reproduced side by side in Table 4-1
{iImpacted areas) and Table 4-2 (impacted populations),

The purpose of this analysis was to determine if the use of a noise metric
based on a single-event nolse level, such as Sound Exposure Level, would provide a
more sensitive measure of nolse {mpacts than does the Day-Night Average Sound
Level currently used to represent noise impact and compatible land use around
airports. This issue {s most pertinent for DNLs below 65 dB, the level which is
considered to be normally compatible with residential use. As a means of deter-
mining the relative efficacy of these two noise metrics, each was used to compare
the changes in noise {mpacts at seven airports, and In turn compared with the
intuitive changes in those impacts which should be expected. Table 4-3 sum-
marizes these comparisons for noise levels above DNL 55, 60, and 65 dB and above

SEL 90, 95, and 100 dB,

Examining each alternative in turn, the elimination of nighttime operations
at each of the airports {Alternative #1) would be expected to provide a moderate
reduction in noise impacts around those airports. This change is reflected in the
results of the DNL analysis for people impacted above 55 dB, with reductions
varying from 2 percent at Airport "G" to 52 percent at Airport "E". The SEL
analyses provide changes in people-incidents above 90 dB which vary from a
reduction of 2 percent to an increase of 4 percent, although no changes would be
expected because the number and mix of airplanes did not vary for this alterna-
tive. The minor changes calculated result from the rounding down of fractional
operations in the software used. Basicaily, the SEL analysis i3 Insensitive to the
elimination of nighttime operations.

The addition of nighttime operations at each of the airpeorts (Alternative #2)
was expected to add moderate to large impacts, depending on the numbers of
nighttime operations already there, The DNL analyses provided increases in
impacts varying {rom 13 percent to 175 percent among the seven alrports shown.
The SEL analyses provided increases In impacts varying from 13 percent to
58 percent. The DNL is more sensitive to those changes because of the 10 dB

nighttime penalty.



Table 4-1

Summary of Cumulative Areas Impacted by
Levels Exceeding DNL 55 dB and SEL 90 dB

Impuocied Areas, Square Milea
Day-Night Average Sound Level (DNL)

“mpacted Areas, Square Miles

Alr- Sound Exposure Level (SEL)
port | Scenario Greater Than: Greater Than:
5348 | 50dD | 68dB | 70dB | 785dB 00dB | 86dB | 1004B | 108 dB
A BASE | 1835 77.0 325 16.1 9,1 77.1 | 373 24.1 12.9
ALT #1 | 1163 48.8 22.0 11.8 6.5 77.1 | 372 24,1 12.9
37% | -37% | -32% | -26% | -29% 0% | o% 0% 0%
ALT #2 | 2792 | 1182 | 468 21.9 11.4 77.1 | 37.3 24,1 12.9
5296 54% 44% 36% 25% 0% | 0% 0% 0%
ALT #3 | 785 333 13.8 6.7 2.2 509 | 24.5 12,2 4.8
57% | -57% | -s8% | -58% | -76% -34% | -34% | -49% | -63%
ALT #4 | 181.1 77.0 32,6 16.2 8.8 77.1 | 373 24,1 12.9
-194 0% 0% 1% -3% 0% | o% 0% 0%
B | BASE 119.8 58.1 28.0 11.9 4.4 134 | 60.8 a5.6 15.3
ALT #1 | 868 42,4 20.3 8.0 3.0 134 | 608 355 15.3
-28% | -27% | -268% | -33% | -32% 0% 0% 0% 0%
ALT #2 | 2461 | 1087 | 520 26.0 10.5 13¢ | 608 35.5 15.3
106% | B4% 86% | 118% | 139% 0% 0% 0% 0%
ALT #3 | 295 10.6 4.2 2.1 L0 71 24,4 10.5 4.2
~765% | -82% | -85% | -82% | -77% -47% | -60% | -70% | -73%
ALT #4 | NA NA NA NA NA NA | Na NA NA
C BASE 71,8 35.0 15.9 5.3 1.9 1015 51.2 29.8 10.2
ALT #1 | 622 317 133 4.8 1.7 10L8 | 51.2 29.8 10.2
-13% | -129% | -13% 9% -11% 0% { 0% 0% 0%
ALT #2 | 2222 99.8 49.3 25.8 9.9 1015 | 51.2 29,8 10.2
2129% | 178% | 210% | 387% | 421% 0% | 0% 0% 0%
ALT #3 | 188 6.4 2.6 1.2 0.4 162 | 46 1.3 0.5
-76% | -829% | -84% | -77% | -79% -85% [ -91% | -96% | -95%
ALT #4 | 669 355 16.3 5.3 2.0 922 | 468 27.4 9.6
-6% -1% ag 0% 5% -9% | -9% -8% 6%
D BASE 26.8 14.4 8.0 3.6 1.4 70.7 | 36.3 18.3 5
ALT #1 | 220 11.9 6.4 2.6 1.0 70.7 | 363 18.3 5
-18% | -17% | -zow | -28% | -200% 0% 0% 0% 0%
ALT #2 | 444 25.0 14.4 7.8 a8 70.7 | 36.3 18.3 5
66% 74% 80% | 117% | 157% 0% 0% 0% 0%
ALT #3 | 148 7.1 3.0 1.3 0.7 399 | 187 65 2.4
-46% | -51% | -63% | -B4% | -50% -44% | -48% | -84% | -52%
ALT #4 | 254 14.2 8.2 a7 1.3 56 aLs 17 4.6
-59% -1% a% a% -7% -21% | -13% | -7% -8%

NOTE: Percentages dencte change relattve to the base case.
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Table 4-1 {Continued)

Impacted Areas, Square Miles

Impacted Arens, Square Miles

Alr- Duoy-Night Average Sound Level (DNL) Sound Lxpoenre Level (SEL)
port | Scenario Greater Than Greater Than:
5548 | 60dB | 8568 | 7048 | 754D 80dE | o548 | 10048 [ 10848
E BASE | 1204 | 547 25.1 10.5 4.1 163.6 | 689 39.1 13.6
ALT #t | 65.2 30.7 13.5 53 2.1 163,6 [ 689 39.1 13.6
5006 | -449 | -46% | -50% | -19% 0% 0% 0% 0%
ALT #2 | 2457 } 1188 | 545 27.9 10.9 163.6 | 68.9 29,1 13.6
90% | 117% | 118% | 166% | 166% 0% 0% 0% 0%
ALT#3 | 34.0 12,2 4.9 2.3 0.7 92,7 | 89.7 17.7 5.2
74% | -76% | -80% { -78% | -83% -43% | -42% | -55% | -54%
ALT #4 | 1303 | 539 25.2 10.6 4.1 149 | 66.5 38.1 13.5
1% -19% 0% 1% 0% 9% | -3% -3% -1%
F BASE 39.1 16.9 6.3 2.2 0.7 | [ 87.6 | 40.7 2.3 75 |
ALT #1 | 245 9.3 33 1.1 0.4 B87.5 | 40.7 22,3 7.5
-37% | -45% | -48% | -50% [ -43% 0% 0% 0% 0%
ALT #2 [ B4.4 40.9 19.4 7.8 2.4 87.5 | 40.7 22.3 7.5
116% | 142% | 208% | 232% | 243% 0% 0% 0% 0%
ALT #3 7.4 2.6 0.9 0.3 0.1 10 3 0.8 0.1
-81% | -85% | -868% | -86% | -86% -89% | -93% | -96% | -95%
ALT #14 | 36.6 17.3 6.7 2.2 0.8 63.6 | 30.2 17.1 6.1
-6% 2% 6% 0% 14% 227% | -28% | -23% | -19%
G BASE | 37.4 17.8 7.6 2.9 1.1 1145 | 56.1 26,1 8.9
ALT #1 | 387 17.4 7.5 29 1.1 1145 | 561 26.1 6.9
-296 -2% -1% 0% 0% 0% 0% 0% 0%
ALT #2 | 182.3 | BL7 39.2 19.0 8.1 1145 | 56.1 26.1 6.9
3879% | 359% | 416% | 555% | 636% 0% 0% 0% 0%
ALT #3 13,1 5.5 2.3 1.0 0.5 37.5 16 4.2 1.7
-65% | -89% | -70% | -66% | -55% -67% | -71% | -84% | -75%
ALT #4 | 375 17.8 7.9 3.0 L1 92,1 | 458 21.5 62
0% 0% 4% 3% 09 -20% | -18% | -18% | -10%
H BASE 4.3 1.8 0.7 0.3 0.1 34.2 | 12.9 4.4 1.8
ALT #1 4.1 1.7 0.7 0.3 0.1 3142 | 14.9 44 18
-59 -6% 0% 0% 0% 0% 0% 6% %
ALT #2 | 629 31,8 15.3 5.9 2.0 B9.1 42 23.7 81
1363% | 1667% | 2086% | 1867% | 1900% | [ 1619 | 182% | 439% [ 350%
ALT #3 4.3 1.8 0.7 0.3 0.1 342 | 14.9 44 1.8
0% 0% 0% 0% 0% 0% 0% 0% 0%
ALT #4 4.8 1.8 0.7 0.3 0.1 189 | 104 4,1 1.8
12% 0% 0% 0% 09 -45% | -30% | -7% 0%
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Table 4-2

Summary of Cumulative Populntions Impacted by
Levels Exceeding DNL 55 dB and SEL 90 dB

Impacted Populations People-Incldents (Persons Affected x No. of Opa.) |
Alr- | Scenarlo Day-NIght Avernge Sound Level (DNL) Greater Than Sound Exposure Level (SEL) Greater Than
port 53 dB 60 dB 83 dB 70dB 75dB 20dB 28 dB 100 dB 103 d5
A BASE | 482325 | 263,354 99,694 | 38416 13,504 18,588,096 | 4,453,152 843,060 69,920
ALT #1 | 385,612 185,484 | 71,034 | 38,416 o 18,712,035 | 4,494,756 859,332 87,450
-20% ~30% -29% 0% -100% 1% 196 296 25%
ALT #2 | 545526 | 342,572 | 110,908 | 60,474 13,504 21,021,312 | 5,017,962 860,020 83,424
13% 0% 41% 57% 0% 13% 13% 29 18%
ALT #3 | 304,280 172,822 569,162 | 38,416 13,504 12,218,628 | 3,108,738 717,215 48,468
~37% -34% -4 1% 0% 0% -34% -30% -169% -31%
ALT #4 | 426,202 | 261,322 99,594 38,116 13,504 17,889,664 | 4,399,136 843,060 69,820
-12% -1% 0% 0% 0% -4% =196 0% 0%
B BASE | 246,080 111,890 | &0,069 4,496 [4] b, 155,660 | 1,711,504 626,640 65,120
ALT #1 | 188,326 73,670 24,448 2,400 224 5,266,608 | 1,776,172 658,000 71,472
-23% -34% -59% -47% -—- 29 49% 5% 30%
ALT #2 | 376,521 | 220,658 | 86,432 | 59,810 4,272 6,796,077 | 2,194,432 940,480 78,762
53% 97% 44% 12319 -- 329 28% 50% 43%
ALT 43 | 49,600 12,112 224 224 Q 256,176 27,728 7,616 224
-80% -88% -100% -95% 0% -55% -98% -99% -100%
ALT #4 NaA NA NA NA NA NA NA NA NA
C BASE 81,008 50,8086 28,512 2,499 4] 2,299481 971,457 382,247 183,312
ALT 41 72,174 45,940 21,529 2,499 0 2,242,668 968,943 377,191 187,806
-119% -10%6 ~240% 0% 0% -2% 0% -1% 2%
ALT #2 | 144,523 102,062 64,495 | 37,702 13,568 3,452,023 | 1,386,961 596,873 281,829
78% 101% 126% 1409% - 50% 43% 56% 54%
ALT #3 | 36,935 1,850 0 0 o 1,146,323 353,253 195,840 0
-54% -06% -100% | -100% 0% -50% -64% -49% -100%
ALT #4 | 85,185 50,624 28,668 2499 0 2,320,083 975,680 389,585 178,080
59 -1% 1% 0% 0% 1% 0% 2% -3%

NGTE: Percentages denole change relative o the base case.
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Table 4-2 (Continued)

Tmpacted Populntions . People-incldents (Persons Allccted x NG, 0] Opa,)
Alr- | Scenarlo|  Day-NIght Average Sound Level (DNL) Grenter Than und Exposure Leve J Greater
port B8 di 60 dB &8dB 7048 7848 80 AB o3 48 100 dB 106 dD
D BASLE 62,084 30,994 19,344 12,114 0 2,048,320 974,688 358,768 17,248
ALT #1 47,408 28,512 14576 2,480 0 2,056,763 977.072 359,938 17,248
-9% -8% -25% -80% 0% 0% 0% 0% 0%
ALT #2 69,864 48,776 27,312 14,676 12,144 2,440,800 | 1,199,376 485,200 51,744
34% 58% 41% 20% - 19% 23% 35% 200%
ALT #3 34,558 18,188 9,644 0 0 814,976 308,768 51,040 11,088
-34% -41% -50% -100% 0% -60% -58% -B6% -36%
ALT #4 52,064 30,944 15,314 12,144 0 2,064,352 964,128 358,768 41,568
0% 0% 0% 0% Q% 1% -19% 0% 141%
E BASE | 04,502 | a0.901 11,901 4,450 (3] 1,200,502 | 598,784 161,246 23,287
ALT i1 45,371 17,307 4,867 814 304 1,251,671 422,549 166,424 25,769
-52% -57%% -59% -82% -50% 49% 8% 3% 119
ALT #2 | 261,475 116,474 40,043 15,971 4,656 1,901,842 555,859 213,263 a0,607
178% 189% 236% 268% 666% 58% 39% 419 3146
ALT #3 28,707 9,176 3,987 718 0 299,731 20,109 2.829 0
-70% -77% -72% -84% -100% -75% -95% -88% -1009%
ALT #4 97,201 36,899 12,733 4,455 608 1,235,099 406,578 151,774 23,405
aw -8% 7% 0% 0% 3% 2% 0% 0%
T BASE | 103,392 | 43,408 | 15696 | 4,002 | L3H 1,129,606 | 524.028 | 106,208 | 09,109 |
ALT #1 60,064 21,552 5,376 4,032 0 1,144,416 524,896 194,320 67,776
-42% -50% -66% 0% -100% 1% 0% -1% -206
ALT #2 | 207,680 108,368 42,912 16,000 2,688 1,662,176 738,720 290,304 89,824
101% 150% 173% 297% 10056 47% 41% 418% 30%
ALT #3 17,040 5378 1,344 0 0 175,020 34,944 10,762 0
-84% -88% -91% ~100% -100% -84% -93% -85% -100%¢
ALT #4 85,964 38,644 12,672 4,032 1,344 1,051,659 488,136 184,082 76,037
<17% -11% -19% 0% 0% -7% -79% -69 10%
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Tahle 4-2 {Conlinued)

People-Incldenta (Peraons Allected x INO. 01 Opa.

Impacted Populations
Alr- | Scenarlo[ Day-Night Avcruge Sound Level (DNL) Greatcr Than und Exposire Lovel (BEL) Greater Than
port BS do 60 1B 6848 70d8B 78 4B 2048 o8 dn 100 db 108 dn
G HASE 71.653 22,147 13,910 7,368 41 2,212,459 870,105 395,131 134,037
ALT #) 70,040 21,699 13,910 7.368 41 2,212,659 872,397 386,277 135,183
-2% -2% 0% 0% 0% 0% 0% 0% 194
ALT #2 160,976 106,784 64,363 16,472 6,641 2,686,540 861,821 265,028 62,539
125% 382% 383% 124% 165854% 21% -11% -33% -53%
ALT #3 16,335 10,549 7,200 41 0 586,329 237,608 90,203 7.413
~79% -52% -48% -99% -100% -73% -75% -77% ~949%
ALT #4 74,652 24,100 13,910 7,368 41 2,236,472 | 1,005,437 446,871 184,814
4% 9% 0% 0% 0% 1% 4% 13% 38%
H HASE 2,144 3,144 0 0 0 ar.5ed | 10720 4,088 4288 |
ALT #1 2,144 2,194 0 0 0 84,584 10,720 4,288 4,288
0% 0% 0% % 0% -3% 0% 0% 0%
ALT #2 110,436 67,360 11,072 2,144 0 364,082 118,816 70,628 8,676
6450% | 3042% - - 0% 316% 1008% 1546% 100%
ALT #3 2,144 2,144 0 4} 0 87,584 10,720 4,288 4,288
0% 0% 0% 0% 0% 0% 0% Q5% 0%
ALT #4 3,218 2,144 + 0 ] 30,016 10,720 6,432 4,288
50% 0% 0% 0% 0% -66% 0% 50% 0%
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Table 4-3

Comparative Changes in Cumulative Population Impact
Using DNL and SEL (Relative to Base Case}

People Impacted People-Incidenta

Scenario Alrport DNI Greater Than: SEX Greater Than:
83dB | 60ds [ &5dB 2048 9548 [100d4B
Alternative #1; A -20% | -30% [ -29% 1% 1% 2%
Moderate B «283% | -34% | -59% 2% 4% 5%
Decrease C -11% | -10% | -24% -29 0% -1%
Expected D -9% -8% | -25% 0% 0% 0%
E -52% | -57% | -59% 4% 6% 3%
F -42% -50% -56% 1% 0% -1%
G -2% -2% 0% 0% 0% 0%
Alternative #2: A 13% 30% 41% 13% 13% 2%
Moderate to B 53% 97% 449 32% 28% 50%
Significant c 78% 101% | 126% 50% 43% 56%
Increase D 34% 58% 41% 19% 23% 35%
Expected E 175% | 185% | 236% 58% 39% 41%
F 101% | 150% | 173% 47% 41% 48%
Alternative #3; A -37% -34% -41% -34% -30% «15%
Significant B «80% | -89% |-100% -95% | -98% | -99%
Decrease c -B4% | -96% {-1009% -50% | -64% | -49%
Expected D -34% | -41% | -80% -80% | -88% | -B6%
E -70% | -77% | -72% -75% (| -95% | -98%
F -84% | -88% | -91% -849% | -93% | -95%
G -79% | -52% | -48% -73% [ -75% | -77%
Alternative #4: A -12% «1% 0% -4% -1% 0%
Small C 5% -1% 1% 1% 0% 2%
Decrease D 0% 0% 0% 1% -1% 0%
Expected E 1% -8% 7% 3% 204 0%
F -17% -1184 -19% -7% -7% -6%
G 4% 8% 0% 1% 4% 13%
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The ellmination of the older, nnisier Stage 2 alrplanes at each of the
airports (Alternative #3) was expected to provide a significant reductlon int nolse
impacts around those facilities. The DNL analyses provided reductions varying
from 34 percent to 84 percent in the population impacted around the seven
airports shown, The SEL analyses provided similar reductions varying from
34 percent to 95 percent in the people-incidents computed, The two metrics
appear to provide a similar degree of comparative change and sensitivity for
this alternative,

Finally, adopting different flight tracks around each airport (Alternative #4)
was expected to achieve small reductions {n nolse impacts there. The DNL
analyses provided changes varying from an increase of 9 percent to a reduction of
19 percent in population impacted. The SEL analyses provided changes which
varied from an increase of 13 percent to a reduction of 7 percent. The two
metrics appear to provide a similar degree of comparative change.

Table 4-4 presents the same comparison of impacted areas calculated for
the four alternatives at the seven airports., In general, the same observations as
those noted above for Alternatives #3 and #4 hold true here.*

One other comparison was performed between the DNL and SEL represen-
tations. Since the DNL measure includes a 10-decibel nighttime welghting for
flights between the hours of 2200 and 0700, it is Inherently more sensitive to
changes in nighttime operations. Alternatives #1 and #2 were designed to identlfy
this characteristic, The calculation of SEL "people-incidents" did not include
any such weighting, To achieve this comparison, the SEL "people-incidents”
were also caleulated using a similar nighttime penalty by multiplying the
number of nighttime operations by a factor ¢f 10, Table 4-5 presents these
results. Figures 4-1 and 4-2 plot the corresponding changes for each alternative,
relative to the base case.

* In the case of Alternatives #1 and #2, the areas covered by the SEL contours do
not change at all relative to the base case since they are a function of the
noisiest aircraft, which remains the same regardless of the number of
operations,

4-8
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Table 4-4

Comparative Changes in Impacted Areas
Using DNL and SEL [Relative to Base Case)

Impacted Areas Impacted Arens

Scenario Alrport DNL Greater Than! SEL, Greater Thans
83dR | eodn | 65dB 00 dn 95dB | 10048
Alternative #1; A -37% -37% | -32% 0% 0% 0%
Moderate B -28% -27% | -28% 0% 0% 0%
Decrease C -13% § -12% | -13% 0% 0% 0%
Expected D -18% -17% | -20% 0% 0% 0%
E -50% -44% | -46% 0% 0% 0%
F -37% -45% -48% 0% 0% 0%
G -29% -2% -1% 0% 0% 0%
Alternative #2: A 52% 54% 44% 0% 0% 0%
Moderate to B 105% 84% 86% 0% 0% 0%
Significant c 212% | 178% | 210% 0% 0% 0%
Increase D 65% 74% B0% 0% 0% 0%
Expected E 90% | 117% | 118% 0% Q% 0%
F 116% 142% | 208% 0% 09 0%
Alternative #3: A -57% -57% | -58% -34% | -34% -49%
Significant B -75% -82% -85% -47% -60% -70%
Decrease c -76% | -82% | -Bd4% -85% | -91% -86%
Expected D -45% | -51% | -63% -44% | -48% -64%
E -74% -76% | -80% ~43% | -42% -55%
F -81%% | -85% | -86% -59% | -93% -96%
G -65% | -60% | -70% -67% | -71% -84%
Alternative #4: A =186 Q% 0% 0% 0% 0%
Small c -6% -1% 3% -9% -9% -8%
Decrease D -5% -1% 3% -21% -13% -7%
Expected E 1% -1% 0% -9%, -3% -3%
F -6% 2% 6% -27% | -26% -23%
G 0% 0% 4% -20% | -18% -18%
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Table 4-5

Comparative Changes th Cumulative People Impacted
o Using DNL and SEL (Relative to Base Case):
Nighttime Penalty Imposed on People-Incidents

! People Enpacted Welghted People-Incidents
b Scenario Alrport DNL Greater Than: SEL Greater Than:
- 5548 | 6048 | 658 | 90d4B | 93dB | 10048
. _J‘ Alternative #1: A -20% «30% -29% ~34% +36% -4%
. Moderate B -23% | -34% | -59% -37% | -36% -29%
- Decrease c -11% | -10% | -24% -16% | -12% -19%
o Expected D -9% -8% -25% -30% -29% -31%
- E -52% | -57% | -59% -56% | -55% -56%
- F -42% | -50% | -66% -48% | -47% -42%
, G -2% -2% 0% -2% 0% 0%
- Alternative #2: A 13% 30% 41% 86% 75% 54%
. Moderate to B 53% 897% 44% 197% 174% 338%
Significant (o] 78% 101% 12694 467% | 448% 503%
_— Increase D 34% 58% 41% 133% | 162% 242%
\ i Expected E 176% 185% 236% 272% | 215% 232%
vt F 101% 150% 173% 262% | 248% 319%
ot Alternative #3: A -37% | -34% | -41% | -34% | -28% | -6%
Significant B -80% -89% | -100% -95% -99% -09%
re Decrease c -54% | -B6% | -100% -50% | -62% -58%
!m; Expected D -34% | -41% | -50% -66% | -78% -90%
E +70% ~77% ~72% -76% -98% -99%
- F -84% | -88% | -91% -80% | -92% -90%
i G -79% -52% -48% -74% -75% -77%
- Alternative #4; A «12% -1% 0% -3% -5% 0%
= Small c 5% -1% 1% 1% 0% 2%
Decrease D 0% 0% 0% 1% -1% 0%
Expected E 3% -8% 7% 3% 1% 0%
F -17% | -11% | -19% -2% -4% -4%
G 4% 9% 0% 1% 4% 13%
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DNL Greater Than 55 dB, SEL Greater Than 90 dB,
NCTE: Nighttime Operations have been multiplied

by a factor of 10.
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‘The changes from the base case as measured in population exposed to DNL
and SEL "weighted people-incidents" appear to correlate reasonably well, A first-
order, least-squares regression provides the following relationship between
people exposed to a DNL above 55 dB and "weighted people-incidents" for SEL
greater than 90 dB:

Aggl, = 89.7 + 1.96 x ApnL. dB (4-1)
(correlation coefliclent = 0.862)

where Aggr = percent change in "weighted people-~incidents" relative to the
base case;

ApnL = percent change in impacted populations relative to the base case.

The same relationship for people exposed to a DNL above 60 dB and "weighted
people-incidents" for SEL above 95 dB is;

Asgr, = 25.2 + 1.57 x ApNL. dB (4-2)
(correlation coefficlent = 0.874)

In effect, the two measures are equivalent when similar nighttime penaltles are
applied to both,
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50 CONCLUSIONS

In general, the changes which are obtained {rom the DNL analysis reflect
the expected changes in noise impacts around the ailrports used here. The
changes obtained from the SEL analysis are not consistent with the expected
changes unless a nighttime weighting factor is {ncorporated in the definition of
"welghted people-incidents". This {s to be expected, since the SEL values are
determined by the loudest airplanes in operation. Thus, for example, in changing
nighttime operations to an equal number of daytime operations, there would be no
change in the SEL results unless a nighttime weighting factor were used.

With a nighttime weighting factor applied, the two measures of populations
exposed above a certain DNL value and "welghted people-incidents” above a
similar SEL value appear to correlate reasonably well.

It should be noted that this entire analysis was performed based on
cuttulative results rather than individual "hands® or intervals, i.e., the computa-
tions were performed for areas and populations impacted by levels gbhove the given
values (55, 60 dB, ete.) as opposed to hetween 55-60 dB, 60-65 dB, and so on.
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APPENDIX A

DNL Contour Plots for
All Candidate Airports (Base Case)
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APPENDIX C
Supplemental Softwure

This section describes the supplemental software that was developed for
this analysis, Two programs — DNLSEL, which computes numbers of operations
that exceed specified SEL levels, and SELCOMP, which generates contour plots of
maximum SEL — are described in detatl,

Cl Introduction

In its current form, the Integrated Noise Model {INM), Version 3.8, enables
the user to generate DNL contours as well as perform Grid Analyses at specified
ohserver points. The detailed Grid Analysis report lists the 20 noisiest aircraft at
those points (ranked in descending order of noise contribution) as well as the
maximum SEL associated with each flight and the numbers of day. evening, and
nighttime operations.

In order to perform a comparative DNL/SEL analysis, more detailed
information {s required ~ first, contour plots of maximum SEL, and second, the
numbers of operations that exceed these maximum SEL levels at regularly spaced
intervals, This Information can then be overlaid on a census tract map of the
affected area, and the populations impacted can be estimated. A similar impact
analys{s can be carried out with the DNL contours, and the results can then

be compared.

Thus a set of programs was developed to supplement the INM, This
software essentially performs the two tasks described in the previous paragraph.
Sectlons 3.2 and 3.3 describe the programs DNLSEL and SELCOMP, respectively.

C.2 Numbers of Operations ~ Program DNLSEL

The program DNLSEL was developed in order to compute the numbers of
day, evening, and nighttime flight operations that exceed specified maximum SEL
levels, This section describes the program and also includes a brief User's Guide.



C.2.1 Description

The program DNLSEL Is intended to be used as an additional tool in
performing INM analyses. The INM package has not been altered in any way.
Briefly, DNLSEL i3 a modification of the subroutine "EXPOSR" In the INM's
COMPUTE module that performs the computations for regular Grid Analysis,
DNLSEL does a number of additional computations and generates the follow-
ing reports:

s Standard SEL Report - This shows the numbers of day, evening, and
nighttime operations that exceed a specifled SEL level at a set of
observer points. The SEL level and the ohserver coordinates are
specified by the user in the input file SELGRID,INP, It also glves the
DNL values at each of these polnts. This report is generated by default at
the end of each run,

¢ Detailed SEL Report -~ This shows the numbers of day, evening, and
nighttime operations that exceed the five user-specified SEL values at
the specified set of observer points., Typically, these five SEL values
would be those whose contours are being generated by program
SELCOMP (Section 3.3). Only those points where the DNL value is
between the minimum and maximum DNL values specified in the input
file are reported. In addition to this information, the report also shows
the maximum SEL level encountered at each point. This report is
generated only if the user asks for it by using the "DETAIL" keyword In
the Input flle SELGRID.INP,

C2.2 User's Guide
Installation

In order to Install the software, copy the executable (extension .EXE) and
batch {extension .BAT) flle on "INM Supplemental Disk #1" over to the subdirec-
tory where INM output resides, Thus, if the INM is currently running in a
subdirectory called \INM, use the following steps to install the software:

1. Type CD \INM <enter>.
2. Place "INM Supplemental Disk #1 - DNLSEL" in drive A.
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3. Type COPY A:*.EXE <enter>.
4, Type COPY A:*.BAT <enter>,

‘The software Is now installed and ready for use.

Instructions For Use

1. Run INM just as you wouid {or the airport under consideration. You may
or may not choose to perform a Standard Grid Analysis and/or Contour
Analysis. If you do so, it MUST be for DNL analysis. The {ile FOR31.DAT
generated by the INM's FLIGHT module is the only file used by DNLSEL.

2, Create/modify the input flle SELGRID.INP using any text editor. This
file should have the following structure:

CASE TEST RUN
AIRPORT EXAMPLE MHA
MILES

GRID
20-20111010
SEL

86.0

DNL

45.0 80.0

DETAIL

85 80 95 100 105
END

Each entry is described below.

Keyword "CASE" Is followed by a brief description of the case being
analyzed (the description can be up to 70 characters long).

Keyword "AIRPORT" gives the name of the airport for which the
analysis is being performed,

Keyword "FEET" [or "MILES") denotes the units of the GRID
parameters.
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- Keyword "GRID" signifies that the following line contains the

following parameters; XSTART, YSTART, XINC, YINC, IXSTEP,
IYSTEP. These are the same parameters that are used for INM's
Standard Grid Analysis, XSTART and YSTART are the X- and
Y-coordinates of the starting point for the regular grid analysis: XINC
and YINC are the increments in the X- and Y-directions, respectively,
and IXSTEP and IYSTEP are the number of points in the X- and
Y-directions that the analysis Is to be performed. These values can be
in real and/or integer form, but all of them MUST he present. They
must all be expressed in the units specified previously — namely, feet
or miles.

- Keyword "SEL" signifies that the next line containg the SEL value
above which the numbers of operations will be computed, This level
{s SELIN, and is expressed in dectbels., It can be in real or integer
format, and must be present.

- Keyword "DNL" signifies that the next line contains the minimum
and maximum DNL values between which the SEL analysis will be
reported. The values are DNLMIN and DNLMAX, respectively, and
are expressed in dectbels, They must be present. This !s included in
order to reduce the amount of printed Information.

- Keyword "DETAIL" {s optional, and should be used only if a detailed
SEL report (described in the previous section) is required. If so,
then the next line must have the flve SEL levels for which the

detailed analysis is required.

- Keyword "END" signiles the end of the input file.

. A separate batch flle has been created to run the program. Enter

SELGRID <enter> at the DOS prompt in order to execute it. The flle
STDSEL.PRT (standard SEL report) will always be generated. If the
"DETAIL" option was specified In the input file, DTLSEL.PRT will also be

generated.
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Notes

1.

DNLSEL will always use the lle FOR31.DAT creaied during the last INM
run, This file i3 unique to that particular airport analysls, and is over-
written if INM Is rerun for a different case, Thus it is important that
DNLSEL be run IMMEDIATELY following the appropriate INM run,
Alternately, the file FOR31.DAT can be renamed to something else and
used later on (taking care to rename it back to FOR31.DAT),

In a similar vein, DNLSEL will always use the existing file SELGRID.INP
for the SEL analysis. Before running the program for a different airport,
male sure that this flle has been appropriately edited.

The output (extenston ,PRT) files can grow quite large depending on the
step size and number of analysis points. Thus make sure that you have
ample space on your hard disk before proceeding with a run.

INM's Standard Grid Analysis module limits the number of points that
can be analyzed to 20 (from a given start position), DNLSEL has no such
lirnitation, Any number of points can be specified.

Maximuin SEL Contours ~ Program SELCOMP

The program SELCOMP was developed {n order to generate contour plots
of specified maximum SEL levels. This sectlon describes the program and also
includes a brief User's Guide,

C.3.1 Description

The program SELCOMP is a modification of the subroutine "EXPOSI" in
INM's COMPUTE module. It performs the calculations necessary to generate
contours of maximum SEL rather than DNL (or CNEL), It uses the same pre-
processing software as the INM - namely, the INPUT and FLIGHT modules. These

have not been altered in any way.
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In theory, a commercial plotting package (e.g., PLOTS8) could have been
used to generate the SEL contours. Although this is quite attractlve in terms of
better contour smoothing, reduced computation times, etc,, there are some draw-
backs to this method., Using a commercial package necessarily means entering
into a licensing agreement, something that is best avelded. More importantly, it
was felt that both the DNL and SEL contours should be generated using similar
algorithms, Thus it was decided that the existing DNL contouring logic would be
used to generate the SEL contours.

C.32 Usger's Guide
Installation

In order to use this software, filles SELCOMP.EXE and SELCNTUR.BAT
should be on the hard disk in the subdirectory where INM output resides. Thus, if
the INM is currently running in a subdirectory called \INM, use the following
steps to install the software:

1. Type CD \INM <ertter>,
2. Place "INM Supplemental Disk #2 - SELCOMP" in drive A,

3. Type COFY A:*.EXE <enter>,
4, Type COPY A:* BAT <enter>,

The software is now !nstalled and ready for use. The rest of the files are for
informational purposes only, and need not be copled.

Instructions for Use

L. Create the input flle FOR02,DAT just as you would for a normal INM run.
However, in the PROCESSES section, specify the maximum SEL contour
levels that you wish to generate (for Instance, 85 to 105 dB in 5 dB
increments). The staternent should read: “CONTOUR LDN AT 85 90 95
100 105". Note that the key word "LDN" is used instead of "SEL". This

C-5



———————

T g b e s et e e

i)

r_i

'

H

L1

L1

I‘m._ —-a

T

18 because the INPUT module has not been modifled, as it would have to
be if the key word "SEL" needed to be added,

2, A separate batch flle hag been created to run the program. Type
SELCNTUR <enter>. The INPUT and FLIGHT modules will first be
executed, followed by SELCOMP, The results will be stored on a disk file
called SELINM.,OUT. The SEL contour file, FOR33,DAT, can be plotted
in the normal manner using INMPLOT or INMDRAW,
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