


TECHNICAL REPORT ON PREPARATION
OF DAY-NIGHT AVERAGE SOUND LEVEL (DNL)
CONTOURS OF AIRCRAFT NOISE DURING 2004
RALEIGH-DURHAM INTERNATIONAL AIRPORT

NORTH CAROLINA

HMMH Report No. 301250.000
May 2007

Prepared for:

RALEIGH-DURHAM AIRPORT AUTHORITY
Raleigh-Durham International Airport, North Carolina

Prepared by:

David A. Crandall
Ted Baldwin
Michael Hamilton
Andrea Thomas

HARRIS MILLER MILLER & HANSON INC.
77 South Bedford Street
Burlington, MA 01803



Technical Report on Preparation of 2004 RDU Noise Contours May 2007
HMMH Report No. 301250.000 page ii

HARRIS MILLER MILLER & HANSON INC.

G:\PROJECTS\301250_RDU_ON_CALL\Report\final_20070511\RDU_2004_final_20070511.doc



Technical Report on Preparation of 2004 RDU Noise Contours May 2007
HMMH Report No. 301250.000 page iii

TABLE OF CONTENTS

LIST OF FIGURES...... oottt sttt ettt st ettt be e s be e s ae e s ae e et e e beebeesbeesaeesanesaneenee v
LIST OF TABLES ...ttt b bt h e h e sttt et e et e e s be e sae e sae e s aneeabeeabeesbeesneeneas \%
1 INTRODUGCTION ...ttt ettt sme e s b b e b e e st e e sbeesaeesanesreeneenneennes 1
2 CONTOUR PREPARATION PROCESS........coioeiieiit ettt sttt sre s snee e 3
2.1 Improvementsin Noise Modeling PraCtiCeS.........ooveviiieieii it 3
2.1.1 NoiseModel VersionsUsed af RDU...........ccoiiiiiiieiiinene e 3
2.1.2 Improvementsin Development of Modeling INPULS.........cccceeiieiieieesin e 4
3 DESCRIPTION OF THE INPUT DATA ..ot 7
G I R AN [ oo I o | PSR 7
T N L (e = 1RO o < = 1L P 7
3.3 RUNWAEY USE.... ittt b e b e he e et e e ate e bt e ebe e sbe e saeesasesabeeabeebeeeeas 12
3.3.1 Direction Of TraffiC FIOW.......ccoiiiiee e 12
3.3.2 Useof Individual Parallel RUNWAEYS..........ccccveiiiiieieii ettt st 13
G R e oL I = o 15
T T o T oL N = ot S USSP 15
3.6 AIrCraft AlTITUAE Profil@.......ooiiieieeee e 15
4 NOISE CONTOURS ... .ottt b e st e she e st e eare s b e e saeesbeesneesnneas 17
4.1 2004 Annua Average Day Contoursfor All Operations on All RUNWaYS..........ccccereerereenenne 27
4.2  Comparison of 2003 and 2004 Annual Average Day DNL CONtOUIS.........c.ccovvrerereeieeieniennens 27
4.3 2004 Annua Average Day Contours for All Operations on Runways 05L and 05R............... 28
4.4 2004 Annual Average Day Contoursfor All Operations on Runways 23L and 23R............... 29
5 REFERENGCES. ... oottt sttt sttt ettt s h e et e s ate s be e be e b e e nbeesbeesaaesnteenteeneeens 31
APPENDIX A RADAR FLIGHT TRACK PLOTS ... .ottt 33

HARRIS MILLER MILLER & HANSON INC.
G:\PROJECTS\301250_RDU_ON_CALL\Report\final_20070511\RDU_2004_final_20070511.doc




Technical Report on Preparation of 2004 RDU Noise Contours May 2007
HMMH Report No. 301250.000 page 3

2 CONTOUR PREPARATION PROCESS

HMMH prepared the 2004 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 6.1 in time for HMMH to use it in preparing the
2002 and 2003 contours. HMMH used 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 generaly results in slightly larger noise contours for otherwise identical modeling runs.

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
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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 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
ARTSflight 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 aso models operations by
each specific aircraft type using flight tracks and altitude 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. The result 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 process to 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 devel oped from the 2001 model tracks and the 2002 ARTS
data. This process, using current data to update the previous model tracks, was repeated to develop
model tracks for 2003.
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Asin past years, HMMH and the RDUAA used a sampling process to obtain representative flight
tracking datafor determining flight corridor locations, runway use, and mix of aircraft for 2004.
ARTS data was obtained from the FAA for asingle three day period in January that covered both
northeast and southwest flow. In addition, RDUAA’s AirScene’ noise and operation monitoring
system started to become active. The system started recording flight tracking data in late October
2004 and the installation of the noise monitorsisongoing. The AirScene system provided reliable
flight tracking data for fourteen daysin November and thirty-one days in December. The combined
ARTS and AirScene data set used in this study will be referred to as “flight tracking” datain the rest
of this document. All told, these data provided over 24,766 tracks of arriving and departing aircraft,
consisting mostly of jet and commuter aircraft. For the 2004 flight tracks, HMMH compared 2004
data to the model tracks developed for the 2003 contours and modified the 2003 model tracks to
represent 2004 flight tracking data.

* AirSceneis a product of Era Corporation. Era Corporation was previously named Rannoch Corporation.
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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 2004 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.

3.2 Aircraft Operations

The 2004 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 2004 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 2004 traffic level in each category. HMMH prorated other
available data to agree with these FAA counts.

The second data source was traffic statistics that RDUAA noise office staff devel oped based on their
analysis of annual traffic records from RDUAA “Monthly Activity Reports’ and “Noise Rule
Reports’ submitted by individual passenger airlines and cargo operators. These records categorize
individual operations by operator, aircraft type and model and time of day (daytime or nighttime) for
both departures and arrivals.

HMMH sorted the RDUAA records and assigned operations to one of the FAA’s four categories.
HMMH'’ s assignment of the RDUAA records to the FAA air carrier category agreed with the

® The coordinate system references North American Datum (NAD) 1983.
® 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/
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corresponding FAA count to within approximately one percent. However, the resulting assignment
of RDUAA recordsto the air taxi category was twenty-four percent less than the FAA count. Itis
typical for the FAA and RDUAA air taxi counts not to agree, because only airlines that conduct jet
aircraft operations submit “Monthly Activity Reports’ and “Noise Rule Reports’ to the RDUAA.
Therefore, RDUAA’ s records do not include activity conducted by airlines operating only propeller
aircraft at RDU nor do these records include fractional ownership corporate jets operations.

The mix of engines and noise treatments varies among operators. The RDUAA records,
supplemented by published sources, provided the detailed engine information needed to develop an
RDU-gpecific, noise emissions oriented fleet mix for each aircraft operator. 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 major third data source was flight tracking data, which provided a fleet mix for general aviation
aircraft and air taxi operations not included in RDUAA records. RDUAA records identified
approximately 116 general aviation aircraft operations. Therefore, HMMH assumed that the
remaining annual proportions of general aviation aircraft types could be determined from the
proportions in the flight tracking data samples received from the FAA. HMMH applied these
proportions to the FAA’s 2004 general aviation traffic count. Likewise, HMMH identified air taxi
operationsin the flight tracking data that were not included in RDUAA records. These air taxi
operations were scaled to the FAA count, after consideration of the air taxi operations included in
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 or 2004.
Therefore, HMMH assumed the records from 2002 were representative of 2004. The RDUAA
records provided the fleet mix for military operations by aircraft not based at RDU. HMMH
combined and scaled the 2002 NCANG and 2004 RDUAA records of military aircraft to match the
FAA 2004 military cumulative traffic count.

Table 1 summarizes the resulting operations data for the 2004 annual average day. Total operations
in 2004 reflect approximately an eleven percent increase compared to 2003 operations.  Compared
to 2003, there was aso an increase in night arrivals during 2004, resulting in an increased number of
operations that would incur the 10 dB penalty applied to night (2200 - 0659 local) operationsin
computation of DNL.

Compared to 2003, the total operationsin 2004 at RDU increased approximately eleven percent,
largely dueto an approximately forty-five percent increase in regional jet operations. In addition,
total general aviation jet operations increased almost forty percent. However, operations of noisier
Stage 2 corporate jet operations declined in terms of total operation numbers and percentage of the
RDU 2004 corporate jet operations; Stage 2 corporate jet operations comprised approximately four
percent of the corporate jet total in 2004, compared to approximately seven percent in 2003.
Meanwhile, operations of propeller aircraft asawhole (i.e. combining commercial and general
aviation) declined approximately thirty percent. Military operations increased approximately forty
percent, but still remained at less than 4,000 total annual operations.

Total air carrier and air cargo operations decreased by about one percent compared to 2003.
However, the percentage of night time air carrier and air cargo operations increase slightly and
operations of MD-80s increase by about forty percent. There were approximately thirty-four
operations per day in 2003 compared to approximately forty-eight operationsin 2004. This marks
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the fourth straight year of operational increases for this aircraft type at RDU. Average day
operations for 2001 and 2002 were reported as approximately thirty-one and forty, respectively.
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. On the other hand, 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) decreased approximately
forty-seven percent. There were approximately fourteen average daily operationsin 2004 compared
to approximately twenty-six average daily operationsin 2003. Thisis the second consecutive year
that major decreases have been noted in the number of hushkitted operations. There were thirty-
three average daily operations in 2002.
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Tablel Average Annual Day Number of Operations— 2004
DEPARTURES ARRIVALS
AIRCRAFT TYPE Daytime | Nighttime Daytime | Nighttime
Air Carrier and Air Cargo Jets
717 3.27 0.99 3.26 1.00
727-100 (Hushkit) 0.02 0.04 0.04 0.02
727-100 (Re-engine) 0.01 1.05 0.02 1.04
727-200 (Hushkit) 0.79 1.28 112 0.95
737-200 (Hushkit) 0.97 0.14 0.97 0.14
737-300/400/500 27.14 2.52 25.17 4.49
737-700/800 10.13 0.98 7.80 3.31
747 0.02 0.00 0.02 0.00
757 2.87 0.14 2.27 0.74
767 0.04 0.01 0.04 0.01
777 1.00 0.00 1.00 0.00
A300 1.20 1.35 1.24 1.32
A310 0.11 0.56 0.12 0.55
A319 591 0.82 5.30 1.42
A320 1.69 0.09 1.64 0.15
DC-10 0.02 0.00 0.01 0.01
DC-8-60 (Hushkit) 0.01 0.04 0.03 0.02
DC-8-70 (Re-engine) 0.03 0.06 0.02 0.07
DC-9-10/30 (Hushkit) 1.85 0.74 1.36 1.23
DC-9-40/50 (Hushkit) 0.94 0.02 0.95 0.01
F-100 0.67 0.23 0.89 0.00
MD-80 Series 19.84 4.04 19.20 4.68
Sub-Total 78.53 15.08 72.47 21.14
Regional Jets
Regional Jet (Avro') 7.10 0.50 6.59 1.01
Regional Jet (Canadair®) 31.20 6.69 33.28 4.61
Regional Jet (Canadair, 70-90 seats") 3.72 0.65 2.97 1.40
Regional Jet (Embraer?) 77.21 7.99 77.42 7.79
Regional Jet (Fairchild®) 2.62 0.05 2.44 0.22
Sub-Total 121.85 15.88 122.70 15.02
Corporate Jets
Business Jets (Stage 2)° 1.82 0.04 1.82 0.04
Business Jets (Stage 3) 8 39.34 3.07 39.84 2.56
Sub-Total 41.16 3.11 41.67 2.61
Commuter & General Aviation Propeller Aircraft
Single-Engine Prop 16.43 3.15 18.69 0.88
Twin-Engine Piston Prop 9.42 0.72 9.56 0.57
Twin-Engine Turboprop 26.79 2.32 27.55 1.56
Sub-Total 52.63 6.18 55.81 3.01

Table 1 continues on the next page.
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Tablel AverageAnnual Day Number of Operations— 2004, continued

DEPARTURES ARRIVALS
AIRCRAFT TYPE Daytime | Nighttime Daytime | Daytime
Military Aircraft
Four-Engine TurboProp (C-130/P-3) 0.22 0.00 0.22 0.00
Helicopters 2.24 0.00 2.24 0.00
Jet Transport (C-9/KC-10/KC-135/C-17/E-6) 0.90 0.00 0.90 0.00
Other Jets 0.62 0.00 0.62 0.00
Single-Engine Turboprop 0.16 0.00 0.16 0.00
Tactical (F-14/F-15/F-18/AV-8B/EA-6B) 0.68 0.00 0.68 0.00
Twin-Engine Turboprop 0.53 0.00 0.53 0.00
Sub-Total 5.35 0.00 5.35 0.00
299.52 40.25 298.00 41.77
GRAND TOTALS 339.77 339.77
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”
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3.3 Runway Use

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.

3.3.1 Direction of Traffic Flow

RDU operates its 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 2004 and 31 December 2004. Usually three observations are made throughout the day; once
in the morning, afternoon and evening. While these records were not exhaustive, they did include
1,098 individual observations. This represents approximately ninety-four percent of the possible
observation periods. 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 data from these logs show that for 2004 southwest flow (Runways 23L and 23R) occurred
approximately fifty-three percent of the time and northeast flow (Runways 05L and 05R) occurred
the remaining forty-seven percent. These proportions are slightly different to those for 1999 through
2002. 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.
For additional comparison, the 2004 proportions also fall within 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).

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. Thefirst
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 a0.8 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.

HARRIS MILLER MILLER & HANSON INC.
G:\PROJECTS\301250_RDU_ON_CALL\Report\final_20070511\RDU_2004_final_20070511.doc




Technical Report on Preparation of 2004 RDU Noise Contours May 2007
HMMH Report No. 301250.000 page 13

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

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

HMMH used information from the flight tracking data to determine the proportional use of Runways
05L versus 05R and 23L versus 23R by aircraft category. These proportions were multiplied by the
fifty-three percent to forty-seven percent directional flowsto obtain the utilization figures shown in
Table 3. HMMH based usage of Runway 14/32 on data from the FAA ARTS radar system.
According to NCANG personnel, military operations other than helicopters use Runways 05L/23R
and 05R/23L. Asin 1991 through 2003, 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 2004 for an annual average day. All NCANG helicopters use the NCANG ramp. There were no
long-term, consistent runway use closures reported for calendar year 2004.
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Table3 Runway Use Percentagesfor an Annual Average Day — 2004

Air Carrier, Air Cargo, and Military Jet
Daytime Nighttime
Runway Departure Arrival Departure Arrival
05L 15 13 20 21
05R 32 34 27 26
23L 29 37 24 27
23R 24 16 29 26
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 25 27 24
05R 20 22 20 23
23L 19 23 22 21
23R 33 30 31 32
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 11 14 4 2
05R 36 33 43 45
23L 41 37 43 39
23R 12 15 10 14
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 12 25 4
05R 40 34 22 43
23L 47 39 23 34
23R 6 12 30 18
14 0 0 0 0
32 0 3 0 0
Total 100 100 100 100
General Aviation Propeller
Daytime Nighttime
Runway Departure Arrival Departure Arrival
05L 12 17 18 4
05R 31 18 27 38
23L 40 18 38 25
23R 8 22 13 21
14 10 0 4 0
32 0 26 0 12
Total 100 100 100 100

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

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 asaflight "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 2004 flight tracks, HMMH compared 2003 data to the model tracks developed for the 2003
contours and modified the 2003 model tracks to represent 2004 flight tracking data. This process
allowed HMMH to efficiently identify how flight corridors changed from one year to the next, and to
modify the tracks accordingly.

To allow comparison of flight corridors, HMMH separated the modeled 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 the radar flight tracks
for 2004. In general, flight tracks changed little from 2003 to 2004. Additional groups were created
for Runway 14/32; however these are not shown in Appendix A.

3.5 Flight Track Use

The flight tracking data provided the basis for determination of flight track usage. HMMH
determined the percentage of operationsto be assigned to each flight track by dividing the numbers
of operations of an aircraft type on arunway by the number of respective aircraft operationsto a
departure/arrival waypoint (fix) runway. This number was then adjusted by the runway use and flow
use for the condition being model ed.

3.6 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 al aircraft within its database. The
INM usually has only one arrival profile for each aircraft type and HMMH used the default arrival
profilefor all 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.

Official Airline Guide (OAG) data provide stage lengths for air carrier departures, and some
commuter and air taxi departures. Thereis no comparable data source for the stage length of genera
aviation and military departures. Moreover, the INM has only asingle stage length (0-500 nautical
miles) for most air taxi, commuter, general aviation, and military aircraft types. Therefore, most air
taxi, commuter, general aviation, and some military operations were assigned a departure stage
length of O to 500 nautical miles. For those military types that are based on commercial airframes,
like the C-9, HMMH assigned stage lengths based on similar commercial aircraft types.
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4 NOISE CONTOURS

For 2004, HMMH prepared three sets of Day-Night Average Sound Level (DNL) noise contours, as
shown in the following four figures:

Figure 1 - 2004 Annual Average Day Contours for All Operations on All Runways

Figure 2 - 2003 Annual Average Day Contours Compared to 2004 Annual Average Day Contours
Figure 3 - 2004 Annual Average Day Contours for All Operations on Runways 05L and 05R
Figure 4 - 2004 Annual Average Day Contours for All Operations on Runways 23R and 23L

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 istoo small to be depicted on these figures. The
75 dB DNL contour remains with in the airport boundary and does not extend more than 300 feet
from Runway 05L/23R or 2,000 feet 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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Figure3 2004 Annual Average Day Contoursfor All Operations on Runways05L and 05R

This pageis aplaceholder. Figureis 11x17 and isin RDU_2004_Figure03.pdf.

Source of fileis H\GIS\WUSA\NC\301250_000_RDU\RDU_2004_Figure03.mxd
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Figure4 2004 Annual Average Day Contoursfor All Operations on Runways 23L and 23R

This page is aplaceholder. Figureis 11x17 and isin RDU_2004 Figure04.pdf.

Source of fileis HAGISWUSA\NC\301250 000 _RDU\RDU_2004_Figure04.mxd
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4.1 2004 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 2004, 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 contour. 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 2003 and 2004 Annual Average Day DNL Contours

Figure 2 compares the noise contours for 2004 with those for 2003. As awhole, the contours have
increased by less than 1 dB; however the contours have decreased very dlightly in certain areas,
mostly on the southeast side of Runway 05L/23R centerline, and in some places increases by about 2
dB. Thereisanincrease of 2 dB or lessin the 55 dB DNL contour between State Route 55 and
Interstate 40. Thisincrease results from an increase in southwest flow operations and from aircraft
departing Runways 23L and 23R making turns sooner to the north and west. Appendix Figure A-1
and Figure A-4 show samples of 2004 jet departure flight tracks making these turns.

Thereisalso an increase of about 1 to 2 dB to the north of the airport in Durham County and
extending dlightly into Wake County. Thisincrease occurs between the 60 dB DNL contour (which
remainsin Wake County for both 2003 and 2004) and the 55 dB DNL contour. The cause of this
increase is from Runways 05L and 05R departures and, as discussed in Section 3.3.1, operations to
the northeast occurred forty-seven percent of the time in 2004 compared to thirty-nine percent in
2003. Thisshift in traffic flow between these two years, and assuming all other things were equal,
would alone represent a 0.8 dB increase in the contours to the northeast (see Table 2). Appendix
Figure A-5 and Figure A-8 show samples of 2004 jet departure flight tracks over flying this area.

As mentioned previously, there are some small decreases in the contours. Thereis a decrease of less
than 1 dB on the northeast side of the airport along Runway 05R/23L centerline and between the 65
dB and 55 dB DNL contours caused by a decrease in nighttime arrivals to Runway 23L. There were
approximately 11 nighttime arrivals on Runway 23L in 2004 while there were approximately12
nighttime arrivals on Runway 23L in 2003. The greatest decrease in the contours occurred to the
southeast of the airport, at the 55 dB DNL contour next to State Route 54. This decrease is about 1
dB.

Table 4 presents the gross land area within each of the noise contours for 2004 and the preceding
twelve years. Asthe table shows, the areas within the individual contour intervalsincreased slightly
from 2003 to 2004, with the exception of no change in the areas within the 65 and 75 dB DNL
contours. It should be noted that the 75 dB DNL contours are completely within the airport property
in both years.
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Asdiscussed in Section 3.2, from 2003 to 2004 there was an increase in the total operations,
contributing to an overall increase in the contour size. Total RDU operations increased
approximately eleven percent from 2003 to 2004. As mentioned previoudly, this increase alone
would account for approximately a 0.5 dB increasein the overal levels.

Table4 Comparison of Land Use Areaswithin Noise Contours- 1992 to 2004

Area Within DNL Contour (sq. mi.)
vear 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 14
1994 50.7 24.8 12.3 54 17
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 14
1998 16.4 7.6 3.4 1.8 1.0
1999 33.6 15.6 7.5 3.1 11
2000 34.7 154 7.1 2.9 11
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

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.

4.3 2004 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 either the
northeast or the southwest. 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 forty-seven percent of the time
in 2004.

8 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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4.4 2004 Annual Average Day Contours for All Operations on Runways 23L
and 23R

Similar to Figure 3, Figure 4 shows the exposure for an annual average day in southwest flow (i.e.,
using Runways 23L and 23R) which occurred fifty-three percent of the time in 2003.

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 2004.

HARRIS MILLER MILLER & HANSON INC.
G:\PROJECTS\301250_RDU_ON_CALL\Report\final_20070511\RDU_2004_final_20070511.doc




Technical Report on Preparation of 2004 RDU Noise Contours May 2007
HMMH Report No. 301250.000 page 30

HARRIS MILLER MILLER & HANSON INC.

G:\PROJECTS\301250_RDU_ON_CALL\Report\final_20070511\RDU_2004_final_20070511.doc



Technical Report on Preparation of 2004 RDU Noise Contours May 2007
HMMH Report No. 301250.000 page 31

5 REFERENCES

Harris Miller Miller & Hanson Inc., “ Technical Report on Preparation of Day-Night Sound Level
(LDN) Contours of Aircraft Noise During 1992, Raleigh-Durham International Airport, North
Carolina,” HMMH Report No. 292550, May, 1993, Lexington, MA.

Harris Miller Miller & Hanson Inc., “Technical Report on Preparation of Day-Night Sound Level
(LDN) Contours of Aircraft Noise During 1993, Raleigh-Durham International Airport, North
Carolina,” HMMH Report No. 293250, July, 1994, Lexington, MA.

Harris Miller Miller & Hanson Inc., “Technical Report on Preparation of Day-Night Sound Level
(LDN) Contours of Aircraft Noise During 1994, Raleigh-Durham International Airport, North
Carolina,” HMMH Report No. 293860, September, 1995, Burlington, MA.

Harris Miller Miller & Hanson Inc., “Technical Report on Preparation of Day-Night Sound Level
(DNL) Contours of Aircraft Noise During 1995, Raleigh-Durham International Airport, North
Carolina,” HMMH Report No. 294490, November, 1996, Burlington, MA.

Harris Miller Miller & Hanson Inc., “ Technical Report on Preparation of Day-Night Sound Level
(DNL) Contours of Aircraft Noise During 1996, Raleigh-Durham International Airport, North
Carolina,” HMMH Report No. 295090, February, 1998, Burlington, MA.

Harris Miller Miller & Hanson Inc., “ Technical Report on Preparation of Day-Night Sound Level
(DNL) Contours of Aircraft Noise During 1997, Raleigh-Durham International Airport, North
Carolina,” HMMH Report No. 295091, September, 1999, Burlington, MA.

Harris Miller Miller & Hanson Inc., “Technical Report on Preparation of Day-Night Sound Level
(DNL) Contours of Aircraft Noise During 1998, Raleigh-Durham International Airport, North
Carolina,” HMMH Report No. 295092.01, October, 2000, Burlington, MA.

Harris Miller Miller & Hanson Inc., “Technical Report on Preparation of Day-Night Sound Level
(DNL) Contours of Aircraft Noise During 1999, Raleigh-Durham International Airport, North
Carolina,” HMMH Report No. 295093.01, March, 2001, Burlington, MA.

Harris Miller Miller & Hanson Inc., “ Technical Report on Preparation of Day-Night Sound Level
(DNL) Contours of Aircraft Noise During 2000, Raleigh-Durham International Airport, North
Carolina DRAFT,” HMMH Report No. 295094.01, March, 2002, Burlington, MA.

Harris Miller Miller & Hanson Inc., “Technical Report on Preparation of Day-Night Sound Level
(DNL) Contours of Aircraft Noise During 2001, Raleigh-Durham International Airport, North
Carolina,” HMMH Report No. 295095.010, March, 2003, Burlington, MA.

Harris Miller Miller & Hanson Inc., “Technical Report on Preparation of Day-Night Sound Level
(DNL) Contours of Aircraft Noise During 2002, Raleigh-Durham International Airport, North
Carolina,” HMMH Report No. 295096.010, March, 2004, Burlington, MA.

HARRIS MILLER MILLER & HANSON INC.

G:\PROJECTS\301250_RDU_ON_CALL\Report\final_20070511\RDU_2004_final_20070511.doc



Technical Report on Preparation of 2004 RDU Noise Contours May 2007
HMMH Report No. 301250.000 page 32

Harris Miller Miller & Hanson Inc., “Technical Report on Preparation of Day-Night Sound Level
(DNL) Contours of Aircraft Noise During 2003, Raleigh-Durham International Airport, North
Caroling,” HMMH Report No. 295097.010, March, 2005, Burlington, MA.

HARRIS MILLER MILLER & HANSON INC.
G:\PROJECTS\301250_RDU_ON_CALL\Report\final_20070511\RDU_2004_final_20070511.doc




Technical Report on Preparation of 2004 RDU Noise Contours May 2007
HMMH Report No. 301250.000 page 33

APPENDIX A RADAR FLIGHT TRACK PLOTS
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