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1 INTRODUCTION

This report presents Day-Night Average Sound Level (DNL) noise contours for calendar year 2005
aircraft operations at Raleigh-Durham International Airport (RDU). Harris Miller Miller & Hanson
Inc. (HMMH) prepared these contours on behalf of the Raleigh-Durham Airport Authority
(RDUAA).

Prior to 2001, with the exception of 1995, arelatively stable group of airlines served arelatively
consistent set of cities from RDU, with relatively little variation during the year, and with only
incremental changesin activity from year to year. Activity in 1995 differed from this normal pattern
because the dominant air carrier at RDU, American Airlines, ceased operation of its hub at the end of
February, resulting in asignificant reduction in flights. In June of 1995, Midway Airlines began hub
operations at RDU.? The events on September 11, 2001 caused asimilar disruption in activity.
Many airlines substituted regional jets on routes that they previousy had served with larger air
carrier jet models. The year 2002 continued with the aftermath of 2001. Midway Airlines
operations started to become intermittent in 2001 and then final ceased completely by the end of
calendar year 20033 Overall, from 2002 to 2003, total operations at RDU declined approximately
eight percent, largely due to an eleven percent reduction in commercial (passenger and cargo) jet
operations. However, compared to 2003, the total operationsin 2004 at RDU increased
approximately eleven percent, largely dueto an increase in regional jet operations.

Compared to 2004, the total operations in 2005 at RDU were within one percent (248,708 total
operations in 2004 compared to 248,511 operations in 2005). Operations of air carrier, cargo and
regional jetsremained relatively constant. General aviation jet operations decreased approximately
eleven percent. Meanwhile, operations of propeller aircraft as awhole (i.e. combining commercial
and general aviation) increased approximately eleven percent. Military operations increased
approximately six percent.

Figure 2 provides a graphic comparison of the 2004 and 2005 contours; the 2005 contours are
comparable to those for 2004 in most areas with some notable changes to the northeast and
southwest of the airport. Overall, the contour area off-airport decreases dightly generally because
operation numbers were almost the same between 2004 and 2005 and some older noisier aircraft
were replaced with newer quieter aircraft. Section 4.2 provides additional discussion regarding the
changes between the 2004 and 2005 contours.

Sections 2 and 3 describe the processes of devel oping the noise contours and of collecting and
refining the required input data. HMMH has refined the contour preparation process each year to use
the latest available technologies. For example, the flight track modeling process has evolved from
use of asmall sample of flight tracks traced from the radar scope at the air traffic control tower to a
highly advanced process that takes into account the entire set of calendar year flight tracks captured

Y HMMH previously prepared DNL contours for RDU for an annualized set of operations spanning 1987 and
1988, and for each calendar year from 1990 through 2004, inclusive. Section 5 lists the previous reports.

2 The 1995 contour report provides additional descriptions of operationsin 1995.

3 The 2001, 2002, and 2003 contour reports provide detailed descriptions of operations in those years.
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by the RDUAA flight tracking system. The latest methods greatly improve the sensitivity of the
model to differencesin individual aircraft type, runway use, track geometry and altitude profiles.

Section 4 of thisreport presents the resulting DNL contours for total annual operations at RDU and
for the two major operating modes at the airport; i.e., al operations in northeast flow (Runways 05L
and 05R), and al operations in southwest flow (Runways 23L and 23R). Section 4 also compares
the 2005 DNL contours to those for 2004.
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2 CONTOUR PREPARATION PROCESS

HMMH prepared the 2005 contours using the most current version of the Integrated Noise Model
(INM 6.24) that the Federal Aviation Administration (FAA) has developed for use at civil airports.

The standard approach for preparation of noise contours requires compilation and input of several
categories of information about the operation of an airport, for input into the noise model:

1) Airport Layout: Location, length and orientation of all runways.

2) Operation Numbers: Numbers of departures, arrivals and pattern operations by each type of
aircraft during an "annual average day". The number of operations on this day is the number
of operations during the year divided by the number of daysin theyear. For DNL
calculation purposes, the 24-hour day is divided into two parts, daytime (0700-2159) and
nighttime (2200-0659). The sound levels of nighttime flights are weighted with an
additional 10 decibelsin the DNL computation procedure (which has the same effect as
counting each night operation to contribute the same amount of noise energy as ten
equivalent operationsin the day).

3) Runway Use: Percentage of operations on each runway by each type of aircraft.

4) FHight Tracks: Pathsfollowed by aircraft departing from, or arriving to, each runway.

5) Flight Track Use: Percentage of operations by each aircraft type that use each flight track.
6) Aircraft Altitude Profile: Height of the aircraft from the ground.

INM computes the noise exposure around an airport as a grid of values of the DNL. Thisgrid
information is the standard input for the widely accepted contouring program (NMPLQOT) that
develops the DNL contours based on the grid point values.

2.1 Improvements in Noise Modeling Practices

HMMH has continuously improved the methods used in devel oping the noise modeling inputs for
RDU, to ensure that the modeling process used each year reflects accepted industry “best practices”
and a historical perspective of this evolution follows.

2.1.1 Noise Model Versions Used at RDU

HMMH has always followed the practice of using the most advanced noise modeling technology to
prepare contours for RDU. The FAA released INM 6.2ain time for HMMH to use it in preparing
the 2004 and 2005 contours. HMMH used INM 6.1 to prepare the 2002 and 2003 contours and INM
6.0c to prepare the 2001 and 2000 contours. INM 6.2a includes improved modeling algorithms and a
noise and performance database for more aircraft types. One significant difference between INM 6.1
and 6.2ais that the more recent version has updated aircraft noise and performance databases to
better reflect the current “in-service” fleet. This change generally resultsin dlightly larger noise
contours for otherwise identical modeling runs.

HARRIS MILLER MILLER & HANSON INC.
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The INM includes FAA-devel oped noise and performance data for a broad range of aircraft types.
The FAA updates these databases on a continuing basis. Database 9 was current for the noise
contours prepared for 1991 and 1992, and database 10 was current for 1993 through 1998. The INM
6.0b, 6.0c, and 6.1 versions that HMMH used to prepare the 1999, 2000, 2001, 2002, and 2003
contours (respectively) had databases directly integrated into the model. Similarly, the current
version, 6.2a, that HMMH used to prepare the 2004 and 2005 contours, includes the most current
databases.

The FAA previously approved use of aU. S. Air Force model, NOISEMAP, in addition to INM.
HMMH used NOISEMAP at RDU prior to 1999, because it offered several advantages over the then
current INM versions. For example, NOISEMAP provided the capability to model helicopter
activity and fixed-wing “ pattern” activity (such as touch-and-go patterns), which the earlier versions
of the INM did not support. HMMH converted to the use of INM in 1999, when the capabilities of
that model justified the switch. The current version of the INM is the best model to use at RDU and
includes the capability to model helicopter and pattern operations.

2.1.2 Improvements in Development of Modeling Inputs

HMMH prepared the contours for 1987/88 based on operations data, radar information, and noise
measurements obtained during 1987. The 1990 contours used the operations patterns (i.e., runway
use, flight track locations, and flight track use) from 1987, adjusted to reflect the numbers and types
of aircraft observed during 1990.

Beginning in 1991, the RDUAA obtained access to radar information from the FAA computer-based
Automated Radar Terminal System (ARTS). With the assistance of the FAA and RDUAA staff,
HMMH used 1991 operations patterns to prepare the 1991 contours. The ARTS data provided
detailed flight track information for the full range of aircraft using RDU. A sampling of the actual
flight tracks at RDU was obtained on a quarterly basis. The RDUAA provided runway use logs for
eight months of the year. 1n 1992, HMMH followed a process similar to that used in 1991.
However, the contours were based on alarger sample of ARTS data, and the RDUAA provided
runway use logging for nearly every day in the year.

Starting in 1993, HMMH and the RDUAA staff made a particularly significant improvement in the
modeling process related to the use of actual ARTS flight tracks to model individual operations. In
1993 HMMH developed a preprocessor for NOISEMAP, called “ARTSMAP”, which converts
ARTS flight tracks into modeling flight tracks. ARTSMAP represented a significant step forward in
the process for modeling noise exposure because it eliminated the need to approximate actual flight
tracks with afar smaller number of modeling flight tracks. ARTSMAP also models operations by
each specific aircraft type using flight tracks and atitude profiles actually flown by that type of
aircraft. For example, each modeled Boeing 727 used flight tracks and altitude profiles from 727
operations at RDU. Theresult of these modeling changesis increased accuracy in modeling the
natural dispersion of flight tracks and flight altitudes than was previously possible. This process was
used to develop the 1993 through 1998 DNL contours.

HMMH converted the processto INM for the 1999 contours. For the 1999 and 2000 contours,
HMMH used the annual sample of ARTS flight tracks to develop a set of modeled tracks for each
flight corridor. These tracks served to model both the centerline aswell aslateral dispersion for each
corridor. For the 2001 model flight tracks, HMMH compared 2001 data to the model tracks
developed for the 2000 contours and modified the 2000 model tracks to represent 2001 ARTS data.
The 2002 model tracks were likewise developed from the 2001 model tracks and the 2002 ARTS

HARRIS MILLER MILLER & HANSON INC.
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data. This process, using current data to update the previous model tracks, was repeated to develop
model tracks for the 2003 and 2004 contours.

HMMH prepared the 2005 contours using an INM pre-processor, named Real Contours™ *,

Real Contours prepares each available aircraft flight track during the course of the year for input into
INM. In many ways, RealContoursis similar to ARTSMAP, although Real Contours uses the INM
noise model instead of the NOISEMAP model. Real Contours takes the maximum possible
advantage of the INM’ s capabilities and automates the process of preparing the INM inputs directly
from recorded flight operations and models the full range of aircraft activity as precisely as possible.
Real Contours improves the precision of modeling by using operations monitoring results in the
following areas:

=  Directly converts the flight track recorded by the airport for every identified aircraft operation to
an INM track, rather than assigning all operationsto alimited number of prototypical tracks,

= Models each operation on the specific runway that it actually used, rather than applying a
generalized distribution to broad ranges of aircraft types to an average of runway use;

= Selects the specific airframe and engine combination to model, on an operation-by-operation
basis, based on either the aircraft’ s registration number (if available) or the published
composition of the aircraft inventory of the specific airlines operating at RDU; and

= Compares each flight profile to the standard INM aircraft profiles and selects the best match for
each flight.

Flight tracks were provided from RDUAA’s AirScene’ noise and operation monitoring system which
became active in late October 2004. In summary, 218,779 individual flight tracks were directly used
for the preparation of the 2005 annual contours and the operations were scaled to the 244,376
civilian operations recorded by the FAA. The difference between the number of flight tracks
modeled and the FAA operations counts are expected and can occur because Real Contours filters
datato make sureit is suitable for modeling. Each flight track must meet several criteria, including
having arunway assignment, valid aircraft type designator and the track must have enough suitable
flight track points. RDUAA AirScene system does not record enough information for modeling
military operations on atrack by track basis. However military operations were modeled in INM
using a process similar that used for the 2004 contours. Additional details of the process are
presented in Section 3.

It should be noted that INM is used for all noise calculations. Real Contours provides an
organizational structure to model individual flight tracksin INM. Real Contours itself does not
modify INM “standard” noise and performance data but rather selects the best standard data, or FAA
apprc;ved non-standard noise and performance data, available to INM for each individual flight
track®.

* RealContours™ s proprietary software developed by Harris Miller Miller & Hanson Inc.
® AirSceneis a product of Era Corporation. Era Corporation was previously named Rannoch Corporation.

® These characteristics are necessary to maintain compliance with FAA’s requirements for FAA reviewed noise
analyses (set forth in 14 CFR Part 150, FAA Order 1050.1E, Change 1, and the INM User’s Guide). Although
this analysisis not being prepared for FAA review, RDUAA has requested that the modeling techniques for the
RDU annual contours meet FAA review requirements.

HARRIS MILLER MILLER & HANSON INC.
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3 DESCRIPTION OF THE INPUT DATA

This section summarizes the process by which HMMH, with extensive RDUAA noise office staff
assistance, collected and refined the noise modeling inputs for the 2005 DNL contours. It
summarizes the results of this process, and cites the underlying data sources.

3.1 Airport Layout

The runway configuration at RDU consists of two parallel runways (05L/23R and 05R/23L) used by
all jet and turbine-powered propeller aircraft, and some single engine piston-powered propeller
aircraft. Inaddition, a shorter runway (14/32) is perpendicular to, and southeast of, the two parallel
runways. The locations, lengths, and orientations of the runways have remained the same since
preparation of the 1987/88 noise contours. HMMH used the North Carolina state plane coordinate
system’ and geographic coordinates® as the means for identifying ground positions of the Airport
Surveillance Radar (ASR), runway ends, and links to map files, eic. HMMH converted those
coordinates as necessary for usein INM. The airport layout is presented in Diagram 1.

3.2 Aircraft Operations

The 2005 DNL noise contours reflect operations during the entire calendar year. Although
operations of commercial jet aircraft are the dominant source of noise that contributes to the
contours, HMMH carefully considered commuter, general aviation and military operations to ensure
that the contours are as accurate as feasible.

HMMH and RDUAA noise office staff developed the 2005 operations inputs from three principal
sources. The first data source was FAA Air Traffic Control Tower (ATCT) traffic counts of the total
numbers of operations at RDU for the entire calendar year. The FAA countstraffic in four
categories: air carrier, air taxi, general aviation and military®. The FAA assigns each operation to
one of the categories, with no further breakdown, such as by aircraft type or by time of day. These
FAA figures served as the reference 2005 traffic level in each category. HMMH prorated other
available data to agree with these FAA counts.

The second data source was flight tracks provided from RDUAA’ s AirScene noise and operation
monitoring system. These datawere used directly in the modeling process as summarized in Section
2.1.2 and categorize individual operations by operator, aircraft type and time of day (daytime or
nighttime) for both departures and arrivals. HMMH associated each operation to one of the four
FAA categories.

The mix of engines and noise treatments varies among operators. The flight tracking data,
supplemented by published sources, provided the detailed engine information needed to develop

" The coordinate system references North American Datum (NAD) 1983.
8 Latitude and Longitude, referenced to NAD 1983

® These categories are defined in Chapter 9, Section 2-1 of FAA Order 7210.3. The most current version of
this order is available at http://www.faa.gov/airports _airtraffic/air_traffic/publications/atpubs/fac/

HARRIS MILLER MILLER & HANSON INC.
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RDU-specific noise emissions for each individual operation. This procedure ensured that the efforts
of operatorsto achieve a quieter fleet, especially for nighttime operations, would be properly
represented in the noise model calculations.

The magjor third data source was RDUAA records. The North Carolina Air National Guard
(NCANG) has usually provided information on the mix of locally based military operations;
however NCANG did not provide any records for 2003, 2004 or 2005. Therefore, HMMH assumed
the records from 2002 were representative of 2005. RDUAA records provided the fleet mix for
military operations by aircraft not based at RDU. HMMH combined and scaled the 2002 NCANG
and 2005 RDUAA records of military aircraft to match the FAA 2005 military cumulative traffic
count.

Table 1 summarizes the resulting operations data for the 2005 annual average day. Total operations
in 2005 are approximately the same compared to 2004 operations (approximately a one-tenth of one
percent decrease). Compared to 2004, there was also an increase in night arrival's during 2005,
resulting in an increased number of operations that would incur the 10 dB penalty applied to night
(2200 - 0659 local) operations in computation of DNL. Thisisthe second consecutive year that an
increase in night arrival's has been observed.

Compared to 2004, the total operationsin 2005 at RDU were within one percent (248,708 total
operations in 2004 compared to 248,511 operation in 2005). Operations of air carrier, cargo and
regional jets remained relatively constant. General aviation jet operations decreased approximately
eleven percent. However, operations of noisier Stage 2 corporate jet operations declined in terms of
total operation numbers and percentage of the RDU 2005 corporate jet operations; Stage 2 corporate
jet operations comprised approximately three percent of the corporate jet total in 2005, compared to
approximately four percent in 2004. Meanwhile, operations of propeller aircraft asawhole (i.e.
combining commercial and general aviation) increased approximately eleven percent. Military
operations increased approximately six percent.

Total air carrier and air cargo operations decreased very dightly by less than one-tenth of one
percent compared to 2004. The percentage of night time air carrier and air cargo operations
increased dlightly. In addition, operations of “hushkitted” aircraft (i.e. aircraft that the FAA has
recertified from 14 CFR Part 36 Stage 2 to Stage 3, based on modifications made to the aircraft or its
operating certificate) increased approximately three percent. There were approximately fourteen
average daily operations, rounded to the nearest whole operation, in both 2004 and 2005. There
were thirty-three average daily operations in 2002 and twenty-six in 2003. However, operations of
M D-80s decreased by about thirty-four percent. There were approximately forty-eight MD-80
operations per day in 2004 compared to approximately thirty-five operationsin 2005. Much of this
decrease in MD-80 operations can be traced to American Airlines and Delta Airlines. Both airlines
had large numbers of monthly M D-80s operations in January 2005 and these decreased by December
2005. Meanwhile both airlinesincreased their use of newer, quieter aircraft, especially the Boeing
737-800. Although MD-80s were originally manufactured to 14 CFR Part 36 Stage 3 certification
standards, the aircraft is among one of the loudest Stage 3 aircraft.

HARRIS MILLER MILLER & HANSON INC.
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Tablel Average Annual Day Number of Operations— 2005
DEPARTURES ARRIVALS
AIRCRAFT TYPE Daytime | Nighttime Daytime | Nighttime
Air Carrier and Air Cargo Jets
717 3.69 1.01 3.71 1.00
727-100 (Hushkit) 0.01 0.01 0.01 <0.01
727-100 (Re-engine) 0.03 0.82 0.02 0.83
727-200 (Hushkit) 0.85 1.25 0.96 1.13
737-200 (Hushkit) 1.45 0.28 1.57 0.16
737-300/400/500 25.28 3.16 24.77 3.66
737-700/800/900 17.04 3.27 14.11 6.20
757 2.65 0.21 2.57 0.29
767 0.13 0.01 0.14 <0.01
777 0.85 0.01 0.85 <0.01
A300 1.20 1.40 0.88 1.72
A310 0.02 0.23 0.06 0.19
A319 4.97 0.44 4.12 1.29
A320 2.42 0.27 2.20 0.49
DC-10 0.01 0.01 0.01 0.01
DC-8-60 (Hushkit) 0.01 0.16 0.03 0.14
DC-8-70 (Re-engine) 0.05 0.04 0.04 0.06
DC-9-10/30 (Hushkit) 1.38 0.30 0.83 0.85
DC-9-40/50 (Hushkit) 1.05 0.32 0.90 0.47
MD-11 <0.01 0.00 <0.01 0.00
MD-80 Series 15.22 2.08 13.81 3.50
Sub-Total 78.31 15.27 71.58 22.01
Regional Jets
Regional Jet (Avro)* 2.46 0.01 2.17 0.31
Regional Jet (Canadair)2 34.90 6.05 35.14 5.83
Regional Jet (Canadair, 70-90 seats)" 6.07 1.19 5.14 2.13
Regional Jet (Embraer)? 74.79 7.59 75.05 7.35
Regional Jet (Embraer, 70-90 seats)" 2.02 0.23 2.01 0.24
Sub-Total 120.24 15.07 119.51 15.85
Corporate Jets
Business Jets (Stage 2)° 0.94 0.18 0.98 0.15
Business Jets (Stage 3)° 35.61 3.15 36.12 2.66
Sub-Total 36.56 3.33 37.09 2.80
Commuter & General Aviation Propeller Aircraft
Single-Engine Prop 26.73 2.57 27.18 2.10
Twin-Engine Piston Prop 13.22 1.95 13.11 2.06
Twin-Engine Turboprop 19.39 2.22 19.85 1.78
Sub-Total 59.34 6.73 60.13 5.94

Table 1 continues on the next page.
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Tablel AverageAnnual Day Number of Operations— 2005, continued

DEPARTURES ARRIVALS
AIRCRAFT TYPE Daytime | Nighttime Daytime | Nighttime
Military Aircraft
Four-Engine TurboProp (C-130/P-3) 0.13 0.00 0.13 0.00
Helicopters 3.28 0.00 3.28 0.00
Jet Transport (C-5/C-9/KC-10/KC-135/C-17) 0.19 0.02 0.17 0.04
Other Jets 0.41 0.00 0.39 0.02
Single-Engine Turboprop 0.43 0.00 0.43 0.00
Tactical (F-14/F-15/F-16/F-18/AV-8B) 0.49 0.04 0.54 0.00
Twin-Engine Turboprop 0.67 0.00 0.67 0.00
Sub-Total 5.60 0.06 5.60 0.06
300.05 40.46 293.91 46.67
GRAND TOTALS 340.51 340.58
Notes:

Totals and sub-totals may not match exactly due to rounding.
1. These aircraft are capable of carrying more than 60 passengers and therefore are counted as Air Carrier by FAA

(FAA Order 7210.3)

2. These aircraft are not capable of carrying more than 60 passengers and therefore are counted as Air Taxi by FAA

(FAA Order 7210.3)

3. As defined by the Code of Federal Regulations (CFR) Title 14, Part 36, “Noise Standards: Aircraft Type and

Airworthiness Certification”

HARRIS MILLER MILLER & HANSON INC.

G:\PROJECTS\301251_RDU_2005\Report\RDU_2005_fina\RDU_2005_final.doc



Technical Report on Preparation of 2005 RDU Noise Contours August 2007
HMMH Report No. 301251.001 page 11

3.3 Runway Use

In past years, HMMH developed runway use modeling assumptionsin athree-step process: (1)
identifying the percentage of time the traffic flow was northeast or southwest, (2) identifying the
fraction of flights that used the left and right runways by flow direction and aircraft type, and (3)
identifying the use of Runway 14/32. Each of these three steps involved various data and
observation samples. However, Real Contours used all the acceptable flight tracks™ from the 2005
flight tracking data. This allows each individual flight track to be modeled on its associated runway.

3.3.1 Direction of Traffic Flow

RDU operatesits parallel runway complex in one of two directions depending on the prevailing
winds. If winds are from the northeast, aircraft depart and arrive in a northeasterly direction using
Runways 05L and 05R. If the winds are out of the southwest, aircraft arrive and depart to the
southwest using Runways 23L and 23R.

RDUAA personnel maintained their own records of the direction of flow for the period between 1
January 2005 and 31 December 2005. Usually three observations are made throughout the day; once
in the morning, afternoon and evening. While these records were not exhaustive, they did include
1,089 individual observations. This represents over ninety-nine percent of the possible observation
periods; only six observation periods were missed over the entire year. Each observation indicates
whether the flow was southwest on Runways 23L and 23R, northeast on Runways 05L and 05R, a
combination of southwest and northeast flow, or if flights were cancelled at the time of the
observation. They do not indicate, however, the proportion of traffic using the left versus the right
runway in each direction, and they do not identify the use of Runway 14/32.

The complete set of flight tracking data, as prepared by Real Contours, was also analyzed for
direction of flow to compare to RDUAA records. The analysis from the flight tracking datais an
analysis on number of operations modeled as opposed to RDUAA personnel’s method of using time
blocks.

The data from the RDUAA logs and from the modeled flight track data show that for 2005 southwest
flow (Runways 23L and 23R) occurred approximately fifty percent of the time and northeast flow
(Runways 05L and 05R) occurred the remaining fifty percent. The results from the two different
analyses, one with the RDUAA personnel records in terms of percent of time and one with the
modeled flight track datain terms of percent of operations, differ by less than a half percent.

The fifty percent in northeast flow and the fifty percent in southwest flow observed for 2005 isthe
highest proportion of northeast flow/lowest proportion of southwest flow observed since 1987.
Proportions for 1999 through 2002 remained relative steady at an average between fifty-four and
fifty-six percent in southwest flow and forty-four and forty-six percent in northeast flow. The 2003
proportions were sixty-one percent in southwest flow and thirty-nine percent in northeast flow. The
2004 proportions were fifty-three percent in southwest flow and forty-seven percent in northeast
flow. For additional comparison, the 2005 proportions also fall outside the range observed from
1987 to 2001 (from sixty-five percent to fifty-two percent southwest and from thirty-five percent to
forty-eight percent northeast).

19 Real Contours uses flight tracks that meet certain criteria and have enough datafor modeling. Thisis
discussed in Section 2.1.2.
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To put these differences in some perspective, Table 2 summarizes the effect of differing flow
percentages on the magnitude of the DNL contours northeast and southwest of the airport. The first
two columns show various percentage combinations of southwest and northeast flow. Using the
sixty percent southwest, forty percent northeast combination as a point of reference, the second two
columns show the resulting change in DNL in the area southwest of the airport (dominated by
Runway 23L and 23R departures) and in the area northeast of the airport (dominated by Runway 05L
and 05R departures). From thistable it can be determined that the extremesin flow percentages
discussed in the preceding paragraph would result in a 1.0 dB difference at most, all other things
being equal. Since other factors do not remain equal, changesin flow direction are just one of the
influences on year-to-year changes in exposure.

Table2 Effect of Differing Annual Traffic Flow on DNL

Annual Percent Flow DNL Effect (dB)

Southwest Northeast Southwest Northeast
(R/W 23) (R/W 05) of Airport of Airport

50 50 -0.8 +1.0

51 49 -0.7 +0.9

52 48 -0.6 +0.8

53 47 -0.5 +0.7

54 46 -0.5 +0.6

55 45 -0.4 +0.5

56 44 -0.3 +0.4

57 43 -0.2 +0.3

58 42 -0.1 +0.2

59 41 -0.1 +0.1

60 40 0.0 0.0

61 39 +0.1 -0.1

62 38 +0.1 -0.2

63 37 +0.2 -0.3

64 36 +0.3 -0.5

65 35 +0.3 -0.6

3.3.2 Use of Individual Parallel Runways

As mentioned previoudly, each of the individual 218,779 flight tracks modeled in INM had an
assigned runway. The flight tracks included all six directions of RDU’ s three runways. The
summarized runway use is presented in Table 3. Since the flight tracking data did not include
suitable data for military operations, HMMH assumed that the military aircraft had the same runway
use as similar civilian aircraft types. 1n addition, according to NCANG personnel, military
operations other than helicopters use Runways 05L/23R and 05R/23L. Asin 1991 through 2004,
military helicopters use the ramp at the NCANG base (modeled as imaginary Runway 18/36) for
arrivals and departures. Table 3 contains the runway use percentages for 2005 for an annual average
day. All NCANG helicopters use the NCANG ramp. There were no long-term, consistent runway
closures reported for calendar year 2005, however the use of actual flight tracking data ensures that
actual runway useis modeled regardlessiif thereis arunway closure.
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Table3 Runway Use Percentagesfor an Annual Average Day — 2005

Air Carrier, Air Cargo, and Military Jet
Daytime Nighttime
Runway Departure Arrival Departure Arrival
05L 19 16 25 25
05R 32 34 23 28
23L 32 32 26 24
23R 18 18 26 23
14 0 0 0 0
32 0 0 0 0
Total 100 100 100 100
Regional Jet
Daytime Nighttime
Runway Departure Arrival Departure Arrival
05L 28 26 27 24
05R 22 24 22 26
23L 23 22 24 23
23R 27 28 26 26
14 0 0 0 0
32 0 0 0 0
Total 100 100 100 100
Corporate Jet
Daytime Nighttime
Runway Departure Arrival Departure Arrival
05L 12 15 9 13
05R 39 35 36 42
23L 43 33 47 30
23R 7 18 8 15
14 0 0 0 0
32 0 0 0 0
Total 100 100 100 100
Military & Commuter Propeller
Daytime Nighttime
Runway Departure Arrival Departure Arrival
05L 7 14 11 9
05R 42 34 29 43
23L 44 32 44 36
23R 7 16 15 10
14 0 0 0 0
32 0 4 0 2
Total 100 100 100 100
General Aviation Propeller
Daytime Nighttime
Runway Departure Arrival Departure Arrival
05L 9 17 12 19
05R 38 17 26 37
23L 32 14 39 13
23R 11 17 16 21
14 10 0 8 0
32 0 35 0 10
Total 100 100 100 100

Note: Totals may not match exactly due to rounding.
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3.4 Flight Tracks and Flight Track Use

Standard input for INM includes aircraft flight tracks that are devel oped from observation of flight
operations at an airport. A group of flight tracks from aircraft using a specific runway and going to
or from asinglefix isreferred to as aflight "corridor". The width of aflight corridor generally
increases with increasing distance from the airport asindividua tracks become more laterally
dispersed. This"dispersion” occursfor avariety of reasons, most of which are out of the pilot's
control. Air traffic control requirements, weather and aircraft climb performance are afew of the
factorsinvolved. To model the noise exposure properly, it isimportant to model the dispersion
properly. Several methodologies have been used to develop modeled flight tracks over the history of
noise contour development at RDU and these are described in Section 2.1.

For the 2005 flight tracks, Real Contours prepared each of the 218,779 individual flight tracks for use
inthe INM, as discussed in Section 2.1.2. The INM used the converted flight track datato produce
the annual contours. The large number of individual model flight tracks, each developed from an
actual recorded flight track, ensures that flight track geometry and flight corridor useis modeled as
reasonably as possible for each individual airframe, engine type and by operations time (day or night
with the 10 dB penalty). Military operations were modeled with the representative model tracks and
model track use developed for the 2004 annual contours.

To allow visual comparison of flight corridors, HMMH separated the flight tracks into 32 groups
according to the following categories: (1) type of aircraft (jet or propeller), (2) type of operation
(departure or arrival), (3) direction of flow (northeast or southwest) and, (4) departure or arrival
waypoint (fix). Figures A-1 through A-32in Appendix A of this report show a sample of the flight
tracks modeled for 2005. In general, flight tracks changed little from 2004 to 2005. Flight tracks for
Runway 14/32 are not presented in Appendix A.

3.5 Aircraft Altitude Profile

The aircraft atitude profile is determined by the weight, engine thrust and flap settings of an aircraft.
The INM database includes arrival and departure profiles for most aircraft within its database. The
INM usually has only one arrival profile for each aircraft type and HMMH used the default arrival
profile for al arrival operations. However, for a given aircraft/engine combination, departure noise
is dependent on aircraft weight. Since aircraft weight is usually not reported by airlines, the INM has
the option to assign a departure profile based on the distance of the aircraft’ s destination, or “stage
length”, as a surrogate for weight. Most commercial jets and some propeller aircraft in the INM
database have multiple departure weights while most general aviation aircraft, including corporate
jets, only have a single weight.

Real Contours examined each individual flight track’ s altitude profile and assigned a best match from
INM standard database. For those military types that are based on commercial airframes, like the C-
9, HMMH assigned stage lengths based on similar commercial aircraft types.

3.6 Meteorological Conditions

The INM has several settings that affect aircraft performance profiles and sound propagation based
on meteorological data. Meteorological settings include average annual temperature, barometric
pressure, relative humidity at the airport, and average headwind speed. HMMH reviewed 2005
weather data from the National Climatic Data Center (NCDC, http://www.ncdc.noaa.gov) for RDU
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(WBAN # 13722). Based on analysis of the NCDC data, the average annual conditionsfor RDU in
2005 were atemperature of 61.2 degrees Fahrenheit, sealevel pressure of 30.04 in-Hg., and relative
humidity of 67.1 percent. The headwind speed was set to the INM default of 8.0 knots.
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4 NOISE CONTOURS

For 2005, HMMH prepared three sets of Day-Night Average Sound Level (DNL) noise contours, as
shown in the following four figures:

Figure 1 - 2005 Annual Average Day Contours for All Operations on All Runways

Figure 2 - 2004 Annual Average Day Contours Compared to 2005 Annual Average Day Contours
Figure 3 - 2005 Annual Average Day Contours for All Operations on Runways 05L and 05R
Figure 4 - 2005 Annual Average Day Contours for All Operations on Runways 23L and 23R

Each figure presents the 55 dB, 60 dB, 65 dB and 70 dB DNL contours for each of the respective
sets. The 75 dB DNL contour was computed but is too small to be depicted on these figures. The 75
dB DNL contour remains within the airport boundary and does not extend more than 1,100 feet from
Runway 05L/23R or from Runway 05R/23L in any of the contour sets.

An explanation of the contours setsis provided on the pages following the figures.
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4.1 2005 Annual Average Day Contours for All Operations on All Runways

Figure 1 presents the 55, 60, 65 and 70 dB DNL contours for the annual average day in 2005, based
on the annualized aircraft operations, runway use, flight track geometry, and flight track use
discussed in Section 3. Jet aircraft operations are the dominant source of overall exposure; propeller
operations are generally quieter and have arelatively limited effect on the size and shape of the
contours. The elongated shape reflects the genera air traffic flow in either a northeasterly or
southwesterly direction. Asdeparting aircraft proceed from the airport in either of these two
directions, the ends of the contours begin to diverge into lobes that follow the principal flight
corridors as they turn from the extended runway centerline. It isalso important to note that some of
the lobes are dominated by arrival noise, particularly along the extended runway centerlines at the 60
dB DNL and 55 dB DNL contours. The general smoothness of the contoursis the result of using
dispersed aircraft flight tracks in the noise modeling process, reflecting the naturally dispersed nature
of flight tracks within corridors, asindividual aircraft proceed onto assigned headings to their
destinations.

4.2 Comparison of 2004 and 2005 Annual Average Day DNL Contours

Figure 2 compares the noise contours for 2005 with those for 2004. As awhole, the contours have
decreased by lessthan 1 dB; however the contours have increased very dlightly in certain areas,
although in afew areasthe increaseis about 1to 2 dB. The 65 dB DNL and 70 dB DNL contours
show that from 2004 to 2005, noise shifted slightly from Runway 05R/23L to Runway 05L/23R,
however thistrend is not detectable in the 60 dB DNL and 55 dB DNL contours except to the
northwest of the airport (sideline of Runway 05L/23R). This same increase in the 60 dB and 55 dB
DNL contoursisthe only 2 dB increase within the 55 dB DNL contour. The 2005 contours,
compared to the 2004 contours have more pronounced lobes in the 60 dB DNL and 55 dB DNL
contours.

There are 1 to 2 dB change to the south of the airport in Wake County between Route 54 and Route
55. The north side of the 55 dB DNL contour between these two roads hasa 1 to 2 DB decrease
because of the decreased departures in south flow, the change in aircraft types, and the change in the
way flight tracks were modeled in the two contours. The southern most point of the 2005 55 dB

DNL contour represents a 1 dB increase compared to 2004. Thisincrease is because of the increase
in aircraft arriving to Runway 05R.

On the northeast side of the airport, the 2005 55 dB DNL contour, and to alesser extent the 60 dB
DNL contour, show greater definition of three primarily lobes. The three lobesin the contours are
associated with (listed from east to west) Runway 23L arrivals, Runway 23R arrivals, and finally
Runway 05L and Runway 05R departures. While these changes may look dramatic, the noise
changesin these areas are lessthan 2 dB. Theonly 1 dB and greater increase, hot on airport
property, isto the northeast of the airport and is an area slightly east of the intersection of Route 70
and Interstate 540 and extends northeast about half way to Durham County and Wake County
boundary.

Table 4 presents the gross land area within each of the noise contours for 2005 and the preceding
thirteen years. Asthe table shows, the areas within the individual contour intervals decreased
slightly from 2004 to 2005, with the exception of a slight increase in the areas within the 70 and 75
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dB DNL contours. It should be noted that the 75 dB DNL contours are completely within the airport
property in both years.

Asdiscussed in Section 3.2, from 2004 to 2005 there was a very slight decrease in the total
operations. Total RDU operations decreased approximately by less than one-tenth of a percent from
2004 to 2005. This change in overall operations should not noticeably change the overall size of the
contours. However there was some replacement of older noise aircraft with newer quieter aircraft
and some changes associated in modeling methodologies. The result is two to three percent decrease
in the contour size at levels 65 dB DNL and lower and some slight increase in the 70 dB DNL and 75
dB DNL contours.

Table4 Comparison of Land Use Areaswithin Noise Contours- 1992 to 2005

Area Within DNL Contour (sq. mi.)
Year
55 dB DNL 60 dB DNL 65 dB DNL 70 dB DNL 75 dB DNL
1992 Final** 48.0 23.1 10.6 4.8 2.1
1993 47.9 26.4 12.8 5.0 1.4
1994 50.7 24.8 12.3 5.4 1.7
1995 41.8 19.1 8.2 3.7 1.8
1996 33.3 15.7 7.1 3.5 1.6
1997 24.5 11.2 5.1 2.7 1.4
1998 16.4 7.6 3.4 1.8 1.0
1999 33.6 15.6 7.5 3.1 1.1
2000 34.7 15.4 7.1 2.9 1.1
2001 27.6 13.0 6.2 2.4 1.0
2002 24.0 11.1 5.3 1.8 0.8
2003 22.8 10.5 4.9 1.6 0.8
2004 24.1 10.9 4.9 1.7 0.8
2005 23.5 10.6 4.8 1.8 0.9

Note: Areas are cumulative; e.g., the area within the 70 dB DNL contour includes the area within the 75 dB
contour and the area within the 55 dB contour includes the area within all contour intervals.

™ Two contour sets were produced for 1992, one using the historical method of simulated flight tracksin
conjunction with NOISEMAP, and a second (final) one using the method of actual, radar-recorded flight tracks
in conjunction with ARTSMAP. The second (final) contour set is described in the 1993 report.
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4.3 2005 Annual Average Day Contours for All Operations on Runways 05L
and 05R

As discussed previously, during many days of the year the traffic flow is exclusively to the northeast.
When this occurs, the noise exposure pattern differs considerably from the exposure shown in Figure
1 and Figure 2. Figure 3 shows the exposure on an annual average day in northeast flow (i.e., using
Runways 05L and 05R), which occurred fifty percent of the timein 2005.

4.4 2005 Annual Average Day Contours for All Operations on Runways 23L
and 23R

As discussed previously, during many days of the year the traffic flow is exclusively to the
southwest. When this occurs, the noise exposure pattern differs considerably from the exposure
shown in Figure 1 and Figure 2. Figure 4 shows the exposure on an annual average day in southwest
flow (i.e., using Runways 23L and 23R), which occurred fifty percent of the time in 2005.

The contours of Figure 1 are the equivalent of combining Figure 3 and Figure 4 in the proportion that
northeast flow and southwest flow occurred during 2005.
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APPENDIX A RADAR FLIGHT TRACK PLOTS

The flight tracks presented here are a sample of the flight tracks modeled for the 2005 contours. The
flight tracks are the data as received from RDUAA' s AirScene flight tracking system. The jet
aircraft tracks (Figures A-1 to A-16) are sampled from the first three calendar days of each month.
The propeller tracks (Figures A-17 to A-32) are sampled from the first twenty-one calendar days of
each month.
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