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1.0 Project Description

The District of Columbid() issued grants to assess airplane noise impacts from Ronald Reagan
Washington National Airport (DCA) Bx€communities. This report ihie culmination of two airplane

noise projects funded by the District Department of iEmvment and Energy (DOEE). The PHase

project was conducted from January through September 2017, and the Phase 2 project from April 2018
through September 2018. Bothilized the same project team comprised of CSDA Design Group, Freytag

& Associates LLC, and Hughes AV Associates; Freytag managed the initial phase and CSDA managed the
second phase. The principle activities for both projects were:

Document the air trafi control procedures and changes made from 2004ugh 2018

Review historical noise monitoring results from the DCA Noise Monitoring TerminalsNMT

owned and operated by the Airport Manager, the Metropolitan Washington Airports Authority

MWAA).

Review historical MWAA noise complaint records for DCA.

Conduct independent noise measurements and monitoring to assess interior and exterior noise

levels and noise exposure, awakenings from nighttime flyovers, and compliance with a national

standard fomoise exposure in school classrooms.

1 Review the historical policies and procedures employed by the community, the MWAA and the
Federal Aviation Administration (FAA) to affect air traffic control changes from 2004.

1 Use the Federal Aviation Administratiomstlard computer model (the Aviation Environmental
Design Tool, AEDID) model noise exposure for alternative DCA aircraft operational scenarios.

1 Identify policies and procedures used to alter air traffic routing that may not have followed FAA
and environmatal protocol.

1 Develop recommendatiagto mitigate aircraft noise exposure @Ccommunities.

T
T

= =4

Our studies concluded:
1 There has been an ongoing and substantial increase in aircraft noise exposure to the northwest
neighborhood=f DC(e.g., Georgetown) immeaiely east of the Potomac River.
1 Aircraft mise levels in classrooms exceed the ANSI classroom acoustics standards, which may
have a detrimental effect on learning.
9 Nighttime aircraft noise levels inside of northwest DC residences are high enough tonawake
between 12 to 33% of the population.
1 Approximately 400 flights per day from DCA produce noise levels in northwest DC which is at or
above 65 dBA, the level at which speech communication begins to be impaired.
1 Several of the changes in aircraft routing dot follow FAA policies angrotocol andwere not
in full compliance with the National Environment Policy Act (NEPA).
1T MWAA complaint records and noise monitoring restdisperiods prior to 201%re
guestionable and do not adequately describe the higt@rnoise environmennor community
attitudes toward aircraft noise.
Noise modeling results show a significant potential for noise reducti@Goommunities.
Several alternative air traffic control procedures are recommended to reduce noise exposure to
DCcommunities.

= =

Section2.0contains a glossary of terminology used in this report.
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2.0 Glossary of Terms

AEDT

ATC

BWI

CATEX

CWG

dBA

DCA

DME

DNL

DOEE

EPA

FAA

FICAN

FICON

Aviation Environmental Design Taol he FAA mandatesbftware system designed to
model aviation related operations in space and time to compute, noise, air emissions, and
fuel consumption.

Air Traffic Control A service operatedby the FAA 0 promote the safe orderly, and
expeditiousflow of air traffic.

Baltimore/Washington International Thurgood Marshall AirpgrBaltimore, Maryland.

Categorical ExclusiorThe NEPA environmental assessment process whereby the proposed
project or action is declared exempt from customary environmerggiaw requirements

Reagan National (MWAA) Community Noise Working Group.

A-weighted decibel An international standard measure of sound levels biased by frequency
to approximate the subjective loudness of sounds at different frequenc@s.frequency
sounds contain more acoustic energy than higher frequency sounds judged to be the same
loudness.

Ronald Reagan Washington National AirpowWashington, District of Columbia.

Distance Measuring Equipmenftransponderbased radimavigation technology that
measureslant rangedistance by timing th@ropagation delayf VHFor UHFradio signals.

Day-night average sound level (DNL or signi Ly,). The twentyfour-hour average A
weighted sound level after the addition of 10 decibels to events occurring between 10:00
pm and 7:00 amDNL is the 24hour noise exposure standard for community noise
throughout the U.S. as prescribed by the Federal Aviation Administration and the
Environmental Protection Agency. Appendix A provides a discussion of community noise
metrics and DNL.

Office of Environment and Energifhe District of Columbia agency responsible for
assessing and regulating environmental issues througp@DOEE is the sponsor of this
project.

Environmental Protection Agencylhe U.S. agency responsible for assest and control
of all environmental impacts throughout the U.S.

Federal Aviation AdministrationThe U.S. agency controlling all navigable airspace and
aircraft transport throughout the U.S.

Federal Interagency on Aviation Nois& commitee of government expert®rmed in 1993
to facilitate research and development regarding aircraft noise.

Federal Interagency on Noisé& committee of government experts formed in 1991 to
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GPS
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review technical and policy issues about noise around aispor

Federal Interagency on Urban Nois@ committee of government experts formed in 1979
to develop policy and guidance on noise.

Finding of No Significant Impach NEPA determination of no further environmental
assessment required.

Global Positioning Systenf satellite-basedradio navigatiorsystem owned by th&nited
Statesgovernment and operated by thgnited States Air Force

Heat mapsMaps depicting various ranges of DNL noise exposure or flight track density bgadiog.

HUD

IAD

IAP

IFR

INM

Metroplex

MWAA

NEPA

NextGen

An alernative display oDNLnoise contours.

Department of Housing and Urban Developmerithe U.S. agency dealing with housing
issues.

Washington Duks International Airport Washington, District of Columbia.

Instrument Approach ProcedureA procedurecontaining a series of predetermined
maneuvers for the orderly transfer of an aircraft under instrument flight conditions from the
beginning of the initial approadio a landing or to a point from which a landing may be
made visually. It is prescribed aagproved for a specific airport by a competent authority.

Instrument Flight RulesOne of two sets of regulations governing all aspects\of
aviationaircraft operations; the other igisual flight rulegVFR).

Integrated Noise ModelAnFAA / industry computer noise modeling program widely used
for evaluating aircrfi noise impacts in the vicinity of airport3.he INMhas been replaced
by the AEDT.

A sprawling metropolitan aredhe FAA defines specific metroplexes to manage ATC
throughout the metroplex area.

The Metropolitan Washington Aviation Athority . An independentairport authority,
created in 1985 with the consent of thénited States Congress oversee management,
operations, and capital development of the two major airports, DCA and IAD.

National Environmental Policy AcAU.S. environmental lathat promotes the
enhancement of the environment and established firesident's Council on Environmental

Quality(CEQ).

Next Generation Air Transportation SystemA.comprehensive overhaul of the National
Airspace System (NAS) designed to make air travel more convenient and dependable, while
ensuring flights are as safe and secure as possible. It moves away from-pemet

surveillance and navigation to new and raalynamic satellitdbbased systems and
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procedures andntroduces new technological innovations in areas such as weather forecast,
digital communications, and networking.

NM Nautical Mile A distance of 1852 meters (approximately 6076 ft. or 1.15 statutes).

NMT Noise Monitoring TerminalAn MWAA monitoring system thagcords the time, several
noise metrics, and aircraft data of individual aircraft flyover events in the vicinity of MWAA
airports There are 15 Noise NMn the region near DCA, three of which are located within
DC

NOP National Offload ProgramHistorical radar track and flight plan data around airports
collected and managed by the FAA.

OAPM Optimization of Airspace & Procedures in the MetropleX s/stematic, integrated, and
expedited method to implementing PBN procedures and associated airspace changes.

PBN Performancebased navigationA specificatiorthat aircraftrequired navigation
performance(RNP) andrea navigatioffRNAV) systems performance requirements be
defined in terms of accuracy, integrity, availability, continuity, and functionality required for
the proposed operations.

RNAV Area NavigationA method of IFR navigation that allows an aircraft to choose adefared
course within a network of GPS waypoints or fixes, rather than navigate using grsasad
navigational aids.

RNP RequiredNavigationPerformance A type of PBN that allows an aircraft to fly a specific
path between two 3Bdefined points irspace. RNAV ariRNPsystems are fundamentally
similar.

ROA Record of ApprovalOfficial FAA acceptance of a completed noise compatibility study under
14 CFR150.

SID Standard Instrument DepartureThese procedures contain a preplanned Instrument Flight

Rule (IFR) (i.e., ATC departure) procedure printed for pilot/controller use in graphic form to
provide obstacle clearance and a transition from the terminal area (i.e., around the airport)
to the appropriate en route structure.

STAR Standard Terminal Aival Route These procedures contain a preplanned Instrument Flight
Rule (IFR) (i.e., ATC arrival) procedure published for pilot use in graphic and/or textual form.
STAR provide transition from the en route structure to a prescribed outer location, tekrme
a fix or waypoint, or an instrument approach fix/arrival waypoint in the terminal (airport)
area. Fixes/waypoints are designated by a-fetter sequence.

TARGETS Terminal Area Route Generation, Evaluation, and Traffic Simulatibi S C! ! Q& LINR OSR
designsoftware.
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TACAN  Tactical Air NavigationA navigationsystem originally used by military aircraft. It provides
the user with bearing and distance (slaange or hypotenuse) to a grousimbrne station. It
is a more accurate version of tMORDMESsystem that provides bearing and range
information for civil aviation.

VFR Visual Flight RulesA set of regulations under whichpilot operates araircraftin weather
conditions generally clear enough to allow the pilot to see where the aircraft is going; one of
two sets of regulations governing all aspectgigfl aviationaircraft operations (the other
is IFR).

VOR Very High Frequency (VHF) Onirectional RangeThe conventional grountlased
navigation stations used by pilots imentify their positions.

XML Extensible Markup Languagé markup languagéhat defines a set of rules for encoding
documents in dormat that is bothhumanandmachinereadable
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3.0 Historical Air Traffic Control Procedures
3.1 Background

The primary objective of FAA Air Traffic Control (ATC) is the safe operation of aircraft at all times
throughout the U.S. aviation system. Secondary objectives are the efficient routing of aircraft and
minimal environmental pollution, including noise and guality. The FAA has established ATC
procedures for aircraft taxiing at airports, taking off and landing, and travellinguge between
airports. Air Traffic Controllers administer these procedtres

Prior to departing, commercial, charter and mgsineral aviatiopaircraft pilots file a flight plan

specifying a Standard Instrument Departure (SID) routing and a Standard Terminal Arrival Procedure
(STAR, an approach procedure). The requested flight plan is then processed by ATC automation prior to
receiving departure clearance. If necessary, ATC will modify the requested routing and the pilot will then
receive an alternate route clearance prior to departure by ATC.

The flight continues as cleared until ATC directs a change to accommodate othaffigir @hanges in

flight plans occur routinely, particularly when arriving at the destination airport. Pilots are often given
GOdSOG2NRE o0& !¢/ RANBOGAY3a GKSY G2 Fte FEGSNYyLras
not followed because afiew direction given to the pilots by ATC, particularly at the arriving airport.

There are three primary systems for ATC navigatiarsenthroughout the U.S. toda¥hese are

Conventional, Area Navigation (RNAV) and RedWizvigation Performance (RNPhese are shown in
a schematic example Figure3-1.

! Reagan NationaReagan National Aircraft Procedures & Guideling®nline]. Available:
http://www.flyreagan.com/dca/reagamationataircraftproceduresguidelines
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n
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FIROP
@(— GROUND BASED NAVAID !
DCA Dy DCA
Limited to design flexibility Increased precision navigation with Optimized usage Df advance ".Tm’ume“t
" . . . . " . approaches for airspace efficiency and
and line-of-sight reception of Navaid predicable flight tracks and altitude noise mitigation
locations. for increased airspace efficiency. 704% of fleet mix are Igaui ;ad _ requires
100% of fleet mix equipage® * 95+3; of fleet mix are equipped.* N equipped - req

air crew certification and training.*

* Fleet equipage data compiled by MIT in a report to
Massachusetts Port Authority (MASSPORT) 5-05-17

Figure3-1: Sclematic Example of Current Air Traffic Control Methods

3.2 Conventional ATC

Conventional ATGs based upon a system géry High Frequency (VHF) Oniirectional RangéVOR)

transmitters located throughout the country / system. The VOR system was established at the end of

World War Il replacing an earlier system of low frequency radio beaconsi VGRS NS | a f 20 f
L2fSaQ Ffft26Ay 3T GKS LIAFNRIY (02K R A0S NIMAA2YWS AAKS Al NJ YRV NBA
from the VOR. Air routes are established along a series o M&fhed waypoints or fixes, whereby the

pilot flies outbound on a radial from one station and then inbound on a radial of the coutbe twext

station.VOR stations are short range; the signals arediingight between transmitter and receiver and

are useful for up to 200 miles.

VOR are often combined with a portion oftactical air navigation system (TACAN) to provide

VOR/DME (fobistance Measuring Equipment). This gives the pilots both a direction and distance from

the station. DME is often used as part of conventional STAR and SID (arrival and departure) procedures
when the station is located at the airport. The pilot therefoleays knows the distance to the airport

runway. Also, the VOR station may be located a distance from the airport but aligned with a primary

Nbzy ¢ @ T (GKA&a Ffft2¢6a (GKS LIAf2G G2 Fte GKS wWol O] O2

% Standard Instrumenbeparture(SID, Standard Terminal Arrival Roy®TARandInstrument Approach Procedur@AP.
These procedures are available for purchase in paper or electronic format. Air traffic control procedures are published
periodically by the FAA to advise pilots of acceptable methods of aircraft operation in garaceds. These procedures
include Standard Instrument rm directly from the FAA or from several licensed resellers.
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VOR and DM procedures are generally limited to straight {ofesight navigation except for a
LINE OSRdzZNB GSNX¥YSR | W5a9 | NOQ ¢gKSNBoé (GKS LIAt20 7Tt
tracing an arc from the station.

3.3 Area Navigation (RNAV)

With the advent of global positioning system (GPS) satellites, it was no longer necessary to use ground
based VOR stations to establish aircraft waypoints or fixes. RM#\first implemented in the 1980

This was a great savings over the conventional VOR sgatemit no longer required large ground

based transmitters, real estate, power, calibration, etc. The VOR system remains in use today for earlier
aircraft without RNAV capability; however, VOR is being rapidly replaced by RNAV and VOR stations are
being thased out. Most aircraft, including smaller general aviation planes, now have RNAV capability.

The RNAV system, like the VOR system, is capable only of stiméghévigation and arcs. However,

RNAYV does afford greater flexibility in routing as it &sfiele to place RNAV waypoints much closer
together than VOR stations. RNAV enabled routing of DCA departures up the Potomac River, something
not possible with conventional VOR navigation.

3.4 PerformanceBased Navigation

PerformanceBased Mvigation(PBN sgecifiesk Yy F A NONJI FGQa OF LI oAt AGe (2 ylI
standards and is comprised of RNP and RNAV syseBhEsystems provide greater efficiency and

flexibility than basic RNAV systems. R8Burrently found only oair carrier aircraft and tofline

business jets. Special training and certification is required for flight crews using PBN.

PBN routes are programmed into onboard autopilot systems termed Flight Management Systems (FMS).
These systems precisely route the aircraft at all times. ditiad to tracking waypoints, the FMS also
controls the speed, altitude and turns throughout the flight. This enables PBN systems to essentially
follow curved air routes.

3.5 NextGen

Next Generation Air Transportation System (NextGen) is the FAAed modernization of the U.S. air
transportation systent® Its goal is to increase the safety, efficiency, capacity, predictability, and
resiliency of American aviation. This overhaul combines innovative technologies, capabilities, and
procedures that improvair travel from departure to arrivaln the year 2000, the FAA and industry
came together to solve some ATCproblems and modernize the system. The result of their problem
solving was Whe Vision 100 ¢ Century of Aviation Reauthorization Act(passed by Gongressin

December of 2003. Next Gen became the dumbrella plang, covering a wide range of individual changes
and programs which would become the sum of the future aviation sysem for the Department of
Trangportation (DOT)in Januay of 2004. This plan wasfurther defined in the Integrated Plan for the

3 FAA, Ronald Reagan Washington National Airport (DCA) Area Navigation (RNA¥)dMoRkparture Development History

and Analysis, Auguéf7, 2016.

“FAA. (2016, September 28)extGen Ronald Reagan Washington National Airg@mline]. Available:
https://www.faa.gov/nextgen/snapshots/airport/?locationld=25

> USGovernment Accountability Office. (2016, November NBEXT GENERATION AIR TRANSPORTATION SYSTEM: Information
on Expenditures, Schedule, and Cost Estimates, Fiscal Yeas2B304Online]. Available:
https://www.gao.gov/products/GAEL7-241R
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Wext Generation Air Trangportation SystemQn December 2004. The phasing out of noisyand
inefficient aircraft was part of this vision and future plan as well as shift from ground based
navigations radar system with radio communication, to a saellite-based global positioning system

(GPS system.

Replacement of VOR stations with GPS waypoints is a key element of NextGen, allowing for the more
precise RNAV and PBN navigation protosels.! + 2NJ t . b yIFI @A3l GA2y SEA&GSR
NextGenNextGen is amulti-year plan which includesthe shu-down of ground based navigational

aids, aircraft upgraces for the industry PBN procedures and the modernization of the Air Traffic

System. It is being implemented for more than 20 major airport areasthroughout the U.S, termed

Metroplexes, from 2012 to 2025.

FAA Sated Benefits of NextGen:
Creates shorter air routes
Savestime and fuel

Realuces air traffic delays
Increases air route capacity
Provides greater s&fety
Realuced controller workload
Reduced cockpit workload
Realuced communications
Readuced emissions

Reduced airspace congestion

€€

gEegeeeeee

NOTE: The termrB-NextGen connotesthe general period prior to the year 2004. Post-NextGen
begins after 2025. The Washington D®etroplex Study, which began in 2011, ended witRiading of
No Significant Impag¢FONSI) issued on December 12, 2@0%3ual, chronological, or approximate
dates are used throughout in lieu of Pre- and Post-NextGen terminology.
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4.0 Flight Track History

4.1 Historical Summary

This section provides the results of historical and incremental relocation of flights by RaNAshe

FAA, which commenced in 2Dand has continued into 2016eorgetown and its historic environs have
been adversely impacted by aircraft noise and from flights to and fRemald Reagan, Washington
National Airport (DCA). The Historic Georgetown community is located immedmatehwest of the
airport andnortheast ofthe Potomac RiveiThePotomacRiver has evolved into a primary air route
for DCA air traffic operations.

Based on historical events, this report brings the summation of events that have produced the current
noise and emission impacts BCcommunties and the unique composition of historic and quiet
residential neighborhoods emingled with parks, schools, and other noise sensitive venues.

4.2 The ATC Procedures

This section summarizes the ATC procedure®{psince 2004. These procedures are puidis and
administered by the FAA. The history of changes in departure and arrival procedures afbétdirey
discussed along with the most probable noise effect®@tommunities.

The changes and noise effediscussedherein are solely from published procedures and do not
incorporate information from actual monitored flight tracks or their noise impacb@tommunities.
Often it is necessary for aircraft to deviate from published procedures at the direction of ASE; the
deviations will affect the noise impact on these communities. Such deviations are from instructions
termed vectors, and their effects will be addressed in subsegseatons(for instance, aircraft fly over
DCbelow cloud levels at the direction of wecs assigned by ATC and not according to published
procedures; therefore, such noise effects are not discussed in this section).

There are nine STARs published for DCA; seven are RNAV and two are the legacy conventional type
They are:

FRDMM THREE RNANRUPS THREE RNAV, RWY 19: The TRUPS STAR feeds the FRDMM STAR from the
west, and intersec at the FRDMM waypoint at@O0 feet,thence tracks to TGTHR and FERGI waypoints
crossingthewaypby i dalnah@$ (o v m /FERGY ayipairk serves ksSHpproach fix for

both the RIVER VISUAL RWY4ri®RNAV (RNP) RWY 19 (InPgh track the river (north to south)

landing RWY 19 at DCA.

There are two additional IAPs that feed DCA from the north: LDA' Y RWY 19/ LDA Z RWY 19; both are
Localizeitype directional aid (LDA) which is a NAVAID used forpreagision instrument approaches.

The approach begins approximately 16.9 nautical miles northwest of the airport atfed@f@et and
proceeds southeast, over and adjacent to the river descending at a-tlegeee glide path, landing

RWY 19.

®FAA (2016, August 17Ronald Reagan Washington National Airport (DCA) Area Navigation (RNAVW-Nertbeparture
Development History and Analygi®nline]. Available:
https://www.faa.gov/nextgen/communityengagement/dc/media/ KDCA%205%20Y ear%20North%20Flow%20Departure%20Ana
lysis.pdf
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CAPSS TWO is an arrival from south of the airport, starting at 22@0@roceeding north, terminating
at the PACKE waypoint (approximately 10 miles east of Dulles / 1.8 miles west of Tysons Corner)
northwest of DCA &,000feet. Aircraft landing RWY 19 at DCA can expect radar vectors to final
approach.

CLIPR ONE is an arrival from the north east, starting approximately 55 miles north east of Baltimore,
above 11,000 feet descending southwest to EYESS waypoint, tliebMEeGGS, and terminating at

NAYES waypoint at 4,000 feet. Aircraft landing RWY 19 at DCA can expect radar vectors to final. This
procedure was developed for th&ashington D®etroplex, for those aircraft originating in the vicinity

of the Richmond and Ntolk Airports to access an RNAV STAR and avoid leoffisggments.

SKILS THREE is an arrival from the northeast, similar to the CLIPR, starting in Lancaster, PA, above
12,000feet tracking to EYESS, thence MEGGS (Silver Springs, MD), terminatiMgStWsypoint at
4,000 feet. Aircraft landing RWY 19 at DCA can expect radar vectors to final.

DEALE TWO is an arrival from the east, starting above 11,000 feet, proceeding west and terminating at
MEGGS waypoint (Silver Springs, MD) at 6,000 feet. Aircraft landing RWY 19 at DCA can expect radar
vectors. This procedure was developed for Washingtan DCMetroplex,to replacethe BILUT RNA/

STAR.This procedure will integrate runway transitionsto support north and saith operationsat DCA. A
runwaytranstion was added to support a nath configuration at DCA anavill eliminate the need to

vedor arrivalsto the downwind, reducing cortrol taskcomplexity for thisarrival flow.

The TIKEE THREE arrival was developed favas@ington DMetroplex, to support aircraft

transitioning from northwest of Washington Dulles International Airport (IAD) tcsttellite airports

west and south of IAD. This proposed procedure will begin at ESL VOR/DME (KESSEL, WV) and transition
south to BBONE waypoint, then east to LURAY and TIKEE waypoints. The following satellite airports were
incorporated to support the desig

Culpeper Regional Airport (KCJR)
Leesburg Executive Airport (KJYO)
Manassas Regional Airport/Harry P. Davis Field (KHEF)
Upperville Airport (2VG2)
WarrentontFauquier Airport (KHWY)
Stafford Regional Airport (KRMN)

Indian Head Airport (K2W5)

DavisonArmy Airfield (KDAA)

Joint Base Andrews (KADW)

Washington Executive/Hyde Field (KW32)
Potomac Airfield (KVKX)

Freeway Airport (KWO0O0)

Shannon Airport (KEZF)

Quantico Marine Corps Airfield (KNYG)

=4 =4 =8 =8 -8 -8 a8 89499

The IRONS SEVEN arrival is a conventional STAR arriRismgnond, VA, above 8,000 feet, proceeding
on a northerly track descending to a point seven nautical miles south of DCA, thence a heading 320
degrees. Aircraft landing RWY 19 at DCA can expect radar vectors to final.
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The conventional STAR, NUMMY TWO, mraval beginning 40 nautical miles west of KESSEL, WV,
above 17,000 feet, east bound to descending to 6,000 feet, terminating at Herndon, VA, thence a vector
heading of 070 degrees, for aircraft landing RWY 19 at DCA.

A significant change in ATC depaetproceduresand runway usaghas affected aircraft noise impacts
on DCcommunities. This ATC change altered the departing northbound route from a stoaight
departure to gpredominantroute over the Potomac River. Before 2011, aircraft departing the
northbound route from DCA Runway 38imbed straight out on a runway/VQieading (magnetic) of
328 (the 328 radial), termed the NATIONAL departiiteose aircraft departing from Runway 01 would
proceed on the runway heading uritily” I £ G A { dzR Sis atdinedy(typicaly befpré or gt thmid
span of the 1% Street Bridg® and then turn northwest over the Potomac River to intercept the same
328 radial The FAA Part 150 Airport Noise Compatibility Planning Study fdradd@pleted in 2004
recommended shifting northbound departures eastward over the River clodeCto reduce noise
impact to ArlingtonCountycommunities and to provide more precise departure routing using advanced
navigational technology. The DCA Part 150 Advisory Comnaitteguded that the increased noise to
DCcommunities along the River was not significalitis recommendation was ultimately disapproved
by the FAA in the 2008 Record of Approval for the Part 150 study.

Figure4-1 illustrates the legacy NATIONAL departure tf@@38 Radiajh y &St t 26 | YR GKS
proposedw A @S NJ R S LI- NInatNfBopaseaddn @0Q i ¢ed.MokeRhat xhe flight tracks idicated

in the figure show the centerline of the flight path; actual flight tracks can vary up to one to two nautical
miles from the centerlinelueto aircraft performance, winds, et€igure4-2 showsthe newflight tracks

2y (KS a2 ABAIR)rdutand thel ofl Ratidnal flight tracks from March of 2015 (graphic
provided by MWAA).

" Ricondo& Associates, et. al. (2004, Novemp&onald Reagan Washington National Airport, FAR Part 150 Noise Exposure
Maps and Noise Compatibility Program
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Figure4-1: Preand Post2011 Northbound DCA Departures (from published procedures)
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Figure4-2; Actual Flight Traéks Flown in March 2015

The old and new routes cross near the Georgetown Reservoir, where the noasuex|is greater tdC
south of this pointand greaterto parts ofArlington north of the Reservoir. However, aircraft climb
throughout their departure and attain a higher altitude as they proceed north. The FAA did not quantify
the change imoise north ofRoosevelt Island

The new routing up the River was first implemented in 2011 by the LAZIR ONE Standard Instrument
Departure (SID), and all subsequent routings foldthe sameinitial departuretrack. The new routing

is directed by a sergeof fixes, also called waypoints. Subsequent changes to ATC procedures are
summarized iMable4-1. Operational changes which affected aircraft na@gposure ovebDCare
discussed in subsequent sections, along with recommendations for mitigating the aircraft noise.

No significant changes were made to DCA approaches from thk doring this period (2011Dnly the
departure routesvere modified.
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Table4-1: Summary of ATC Changes at DCA, YR 2@04.7

Start Date Procedure (SIBor IAR) Action
9-Sep99 RIVER VISUAL RWY 19 (4) Amended
5-Jul07 LDA Z RWY 19 Amended
9-Jan08 DCAPart 150ROD Enacted
10-Mar-11 LAZIR ONE SID Enacted
9-Feb12 LAZIR TWO SID Amended
26-Jut12 OAPM-- FRDMM RNAV STAR Enacted
26-Jut12 OAPM¢ TRUPS RNAV STAR Enacted
20-Sepl2 LAZIR THREE SID Amended
10-Janl13 LAZIR FOUR SID Amended
27-Junl3 TRUPS TWO RNAV STAR Amended
27-Junl3 FRDMM TWO RNAV STAR Amended
31-Decl3 OAPM FONZI Enacted
25-May-14 RNAV RNP RWY 19 Enacted
8-Janl5 LAZIR FIVE SID Enacted
30-Apr-15 FRDMM THREE RNAV STAR| Amended
30-Apr-15 TRUPS THREE RNAV STAR| Amended
30-Apr-15 OAPM-- DIXXE SI(E) Enacted
30-Apr-15 OAPM--DOCTR SID (E) Enacted
30-Apr-15 OAPM-- SOOKI SID (E) Enacted
30-Apr-15 LDAY RWY 19 Enacted
30-Apr-15 LDA Z RWY 19 (3) Amended
25-Junel5 OAPM¢ HORTO SID (W) Enacted
25-Junelb OAPMc BURTZ SI(W) Enacted
25-Junelb OAPMc REBLL SIW) Enacted
25-Junel5 OAPM¢ HAFNR SI(W) Enacted
25-Junel5 OAPMc WYNGS SI(W) Enacted
25-Junel5 OAPM¢ SCRAM SIW) Enacted
20-Aug15 HAFNR TWO S(Wv) Amended
20-Aug15 HORTO TWO SID (W) Amended
20-Aug15 BURTZ TWO (o) Amended
20-Aug15 DIXXE TWO SID (E) Amended
20-Aug15 SCRAM TWO (W) Amended
20-Aug15 LAZIR SIX SID Amended
20-Aug15 RNAV RNP RWY 19 (2) Amended
15Oct15 LAZIR SIX SID Cancelled
15-Oct15 DIXXE TWO SID (E) Cancelled
15-Oct-15 BOOCK ONE SHE) Enacted
10-Decl15 RIVER VISUAL RWY 19 (5) Amended
31-Mar-16 BURTZ TWO () Cancelled
31-Mar-16 CLTCH ONE RNAV SID (W) Enacted
31-Mar-16 HAFNR TWO SID (W) Cancelled
31-Mar-16 OAPMc¢ JDUBB SID (W) Enacted
31-Mar-16 BOOCK TWO SID (E) Amended
31-Mar-16 SCRAM THREE 8N) Amended
Always RADAR vectoring
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4.3 Evolution of Impact orDC

In 2002, DCA began holding public meetings as part of their outreach for input into an updated noise
control program that was approved by a FAA Record of Approvaioe 2, 1997. The purpose of this
update was to enhance the existing noise abatement program at the Airport. The last noise abatement
measure, recommended in the 1997 study, was to establish a program to monitor and report on aircraft
performance over theiver corridors. The results of this measure then flowed into the update as a prime
measure, one expected to make a significant change in air traffic control.

4.4 The Part 150 Noise Compatibility Study

In the year 2004, MWAA completed the Code of FederaliRégn (CFR) Part 150 study for Airport

Noise Compatibility Planning (NEP)with submittal to the FAA. These studies are undertaken
periodically at major airports to evaluate community noise exposure, collect community input, and
develop noise abatemeameasures. Community participants include@; FAADepartment ofthe

Interior (National Park Sgice)! NX Ay 3G 2y [/ 2dzyGez t NAyOS DS2NHSQa
Montgomery County, EPA., City of AlexandWayAA Fairfax County, Ainé Plots Associaibn, and

Citizens fothe Abatement of AircrafiNoise This Part 150 study is the origin of our history of ATC
changes at DCA.

14 CFRRart 150 8150.1 Scope and purpose, states:

This part prescribes the procedures, standards, and methodology governing the
development, submission, and review of airport noise exposure maps and airport noise
compatibility programs, including the process for evaluating and approving or disapproving
those programs. It prescribes single systems for (a) measuring noise at airports and
surrounding areas that generally provides a highly reliable relationship between projected
noise exposure and surveyed reaction of people to noise; and (b) determiningrexpbs
individuals to noise that results from the operations of an airport. This part also identifies
those land uses which are normally compatible with various levels of exposure to noise by
individuals. It provides technical assistance to airport opesatm conjunction with other
local, State, and Federal authorities, to prepare and execute appropriate noise compatibility
planning and implementation programs.

The BCA, Part 150 Noise Compatibility Update, Recommended Noise Abatement Measures, proposed
the following in the NCP:

Noise Abatement Measure 1: Form a working group to develop advanced navigation
procedures for arrivals and departures on all runways, encourage the use of advanced
navigation technology by airlines to provide pilots the abilitjoltow more predictable and
precise flight tracks along the center of the Potomac and Anacostia River corridors. (NCP
Page \H3)

8 RICONDO & Associates et al. (2004, NovemBAR. Part 150 Noise Compatibility Program Upflatéine]. Available:
http://www.mwaa.com/sites/default/files/archive/mwaa.com/file/NCProgramUdpate.PDF

? Federal Aviation Administration. (2008, January B@)cord of Approval RoliaReagan Washington National Airpof®nline].

Available:

http://www.flyreagan.com/sites/default/files/dca_part 150 noiseompatibility update faa record of approval 2008.pdf
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The proposed measure:

Would form a working group to identify advanced navigation procedures that would provide
a more predicble and precise flight track for aircraft to follow the center of the rivers. An
advanced navigation procedure could reduce the number of aircraft that stray off the river
corridors, reducing noise exposure for along the river corridors. There are dentesor
incompatible land uses located in the DNLdBB\noise contour.

The members of the Part 150 advisory committee agreed to examine measures and options for
improving the ability of pilots to navigate the center of thetomacRiver. The advisory oomittee
determined that new advanced nhavigation could provide the desired outcome of adherence to the
center of thePotomacRiver and supported the development of new navigational procedures for DCA.
This would result in reduced noisevelsfor residental land uses alonghe river corridors becaus¢he
aircraftwould follow the river on a tighter, narrower flight path. Sane communities in Virginia would
benefit from lowerDNLs while somén DCwould incur higher DNL The excerpt from the Part 150
Study states:

Residential land uses along the river corridors because the aircraft would follow the rivers on
a tighter, narrower flight path. For some communities in Virginia, the reduction in DNLs was
estimated to be asnuch as 3IBA It was estimated that there would be an increase in DNL
of 1dBAeast of the river, over part of Georgetown, as would be expected when aircraft stay
closer to the centerline of the river rather than flying over the Virginia shoreline ityiRoss
The Committee stated that the benefit to the neighborhoods in Virginia justified the
increases in noise of lesser magnitude over part of Georgetown. An advanced navigation
procedure would provide a more precise and predictable flight track for aitordbllow

during both instrument and visual approaches.

LG ¢l a dzyRSNJ 0KA& LINRPLIZASR YSIadaNB GKFG GKS C!'! 0
the LAZIR and HAMMI SIOFAA Orders 7100.9D and 8260.44A specified the design criteria to be used

in developing RNAV procedures, including the fact that their main purpose was to improve safety, and

not to be used solely for noise abatement.

The FAA, Record of Approval (ROA), 14RaRRL50Noise Compatibility Program, DCA, Arlington
Virginia, was siged on January 10, 2008.K S wh! RA&lI ff 26 SR (GKS a2@SNJ GKS
recommendation contained in the Part 150 study.

Products of a Part 150 study are a noise compatibility plan and noise exposure (noise contour) maps of
existing and forecast cortthns. MWAA and theiPart 150 Advisory Group proposed eight noise

mitigation measures. One significant measure was the creation of a new departure procedure for

Runwag (RWE 0O nmM FyR 003X dzaAAy3d al ROFYOSR Yyl @3l dAz2ye |
SY@ANRY adE

Ly S@Ffdzq iAy3 GKFG YSIF&adz2NBx GKS az2! ! O2yadzZ Gl yi dz

6.1 computer noise model. The model assumed that all turbojet aircraft were departing frorDRWY
and would use the advanced navigation @o@ dZNB ® ¢ KS Y2RSfAy3d STF2NI A& aK2

Page22 of 150



DCA Airplane Noise Assessment
[2 ESIGN Final Report September 2018
GROUP DC GovernmenGrantNo. 20181810AQD

the River centerline more closely, and that there Wess dispersion of aircraft diie generalized flight
G0N 81 aoé

We have identified the following problemaiissueswith the analysi®f the new departure procedure
1 No RNAYV Standard Instrument Departure (SID) for the airport existed nor was provided for the
noise modelingTherefore, it is unclear what exactly was modeled and does not allow us to
determine whether the modeling is acaie.

1 Concentratindlight tracks will naturally reduce impacts and cut out dispersamconcentrating
flight tracks narrows the noise impact areas and thereby reduces noise exposure.impact
Flight track and altitudes used for the modeling remain unknown.

The proposed departure procedure would add more track miles to the departure procedure,
with additional emission and noise impacts.
9 Procedural relocation of flight tracks, strictly for noise abatement, is not compliant with FAA

Orders 7100.9, 1050.1E/F100.4andJO 7400.2G.

1 The noise study is necompliant for the development of air traffic procedures and therefore
cannot be used as a basis for environmental review or apppraFAA Order 1050EL
Environmental benefits and detriments are unknown.

Adddl airline operational costwere not reviewed.

An Environmental Assessment (EA) was not perforfioedhis proposed departure route
change

= =4

=A =4 =4

Apparently ignoring these issues, tMWAA presented the Pait50 Advisory Committee with the
following predictiondor deliberation:

9 Virginia communities could expect a DNL (dayht average sound level) noise exposure
reduction, estimated to be as much asIBA

1 Georgetown and vicinity could expect an increase in DNLdB#ALAIrcraft would be expected
to stay closer to the centerline of the River rather than flying over Arlington and the commercial
areas of Arlington, Virginia.

ThePartmpn ! RGA&A2NE [/ 2YYAGGSS wSLE2NI O2YLIAESR o6& a2l
neigp 2 NK22R& AY *ANBAYAlI 2daAaGATASR (GKS AyONBlIasSa Ay
Accordingly, moving the flight track over the rather narrow portion of the Potomac River north of the

airport reducel noise forresidents west of the rivesind increased noise for residents east of the river

(i.e.,it transferred the noise footprint from Virginia 1©Q, and the increase of noise BCwas greater

than the INM model predicted. Moreover, the movement of the flight track solely for the purpbse

transferring noise from one community to another is contrary to FAA policy.

l'a GKS C!'!Qa {SYyA2N) +A0S LINBAARSYy( T agahNafiodah A 2y { dz
Community Noise Work Group (CWGPecember of 2015 & b 2 A & Selininatéd/ @anhd abse a

safety and efficiency purpose and need, done with all associated NEPA review and requirements, we

simply cannot shift it from one community to another just because one community believes it is fairer to

R2 az2o¢

!%Ricondo & Associates et al. (2004, Novemb@AR Part 150 Noise Compatibility Program Upd@teline]. Available:
http://www.mwaa.com/sites/default/files/archive/mwaa.com/file/NCProgramUdpate.PDF
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4.5 Further ATQRouting Changed AZIR SID
45.1 LAZIR ONE

One of the early RNAV procedures was the creation of the LAZIR/BIDCA in 2011 he concept for

the LAZIR noise abatent measure came from the, DQBO4Part 150Study.Background and

procedural development documents from the FAA regarding LAZIR ONE are very limited or not available.
Some documents are even being held by the FAA, exempt from the Freedom of Information Act (FOIA),
08 AG9ESYLIIA2Y p REfEEASH: (RAS GLRARPOSERITILINK DY O

While LAZIR development started early in 2010, several steps were required prior to its publication and
implementation date of March 10, 2011 in compliance with FAA Order 7186.8.matter of

processing an instrument procedufer publication and implementation, the FAA must complete an
Environmental Review to ensure that the Federal action complies with the National Environmental
Policy Act (NEPA) and its implementing regulations.

UsingtheC! ! Q& LINE OS R dzNJefminR 8r2a\RByfe Gererationg Evhliation, énd Traffic

Simulation (TARGETSM Noise Plugn tool,** the FAA conducted a noise analysis of the LAZIR and
HAMMISIE 2y {SLIGSYOSNI onI wHamnX AW ABKNIY & @SINIGIKSS  ay2 didy
(DNL) standardThe INM Plugn is a program developed by the MITRE Corporation (proprietary to the

FAA) to meet the criteria requirements of the NEPA. MITRE also built the input files for the analysis.

This assessment overlays new DNL noise exposure aveapi@vious areas to identify areas where

FAA exceedance criteria thresholds (from FAA Order 1050.1E) are found.

Posted on the MWAA web site is a link to an FAA file that refers to a noise modeling report for the LAZIR
ONE; Categorical Exclusi@ATEX)nder NEPA (CATEX gérCFR 1508.18204i1 Original LAZIR ONE
CATEX and Noise Modeling Regdrmttgs://www.faa.gov/nextgen/communityengagement/dcp/

However, the CATEX Declaration does not cite this modeling as a basis of decision.

TheresultingNoise Modeling Repotses grototype INM patctofferingonly an elementary evaluation
of the potential noise impacts.

The TARGETS noise assessment used an existing Déexpaisure before the LAZIR @hal used a
computer model to develop the DNL wittmplementation of the LAZIR Slbthen subtracted the pre
LAZIR DNL values from the po#tZIR value3his assessment overlays projected DNL noise exposure
areas over previous areas to identify any locations which exceed FAA thresholds. These FAA criteria
thresholds from FAA Order 1050H, are:

1 For DNL 69BAand higher: +1.5dBA
9 For DNL 6@BAto <65dBA + 3dBA
9 For DNL 48BAto <60dBA + 5dBA

" AR$B7, RNAV/RNP Group. (2010, SeptemberBf&Xgets INM Noise Pltig for Ronald Reagan Washington National Airport
KDCANashington D@nline].Available:
https://www.faa.gov/nextgen/nextgen _near_you/community _involvement/dca/media/CAT_EX DCA SIDS_LAZIR_ONE_HAM
MI_ONE.pdf
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The TARGETS INM Ringutput revealed two areas exceeding the FAA OfldBAsignificantnoise
increasecriteria. The areas areutlined in yellow inFigure4-3. The larger area of noise increase is
where noise previously atrdelow 60 DNL is increased byIBAor more; the smaller area is where
noise previously above 65 DNL is increased bylB/&or more.

PO

- —

R T
N A S

s

Figure4-3: FAA INM Areas of Noise Increase

The FAAEastewS3A 2y { SNIBWAOS / SyiGSNJ dzZiSR (GKS -8hort 4GS32NROI
C2NX¢ T2 N oilalATESR @dtdgadvitdalilexcRision from NEPA). This declaration was signed by

the Operations Support Group Environmental Specialist on January 26, 2011, citing FAA Order
MAPN®OMOIT 9QYPANRYYSyYyGlrt LYLIOGaY t2ftAOkSeduresy R t NB C
that routinely route aircraftovernoty 2 A & S a Sy aHbvieved) Bis ditdlidhlofB$ is dubious

since aircraft are routed over noisensitive areadvlanagerial signature review was not completed

until August 5, 2011.

I TG SNI NBIOSH giANGI010¢é +F OG A2y o0& GKS t.b 2FFAOS:E Saol L
diligent quality assurance checks, the LAZIR ONE (RNAV) procedure was published on March 10, 2011:
G/ 2y INBAAA2YIMnAYOERBAGKBISERI ' Wh t mdE

We have identigd the follow problematic Issues:
f LYy GKS datdzN1Jl2aS¢ aSOGA2Yy FyR NBLRNI o62Reé (K
the CATEX.
1 All environmental reviews must be completed and approved prior to the procedure being
entered for productionper FAA @ler 7100.9. The Report was ddt8eptember 30, 2010 and
publication date for the LAZIR ONE was March 30, 2011.

w
p
&
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1 All environmental reviews must be completed and approved prior to the procedure being
entered for production, per FAA@er 7100.9. ThE€ATEX was datddnuary 26, 201a4nd made
no mention of the Report as a basis for the CATEX decision. Publication date for the LAZIR ONE
was March 30, 2011.

The Report is not compliant with FAAd@r 1050.1E.
¢CKS dt NPOSRdzN}I f ¢! wD@etlinthereporl.  3S¢ gt a y24G AyOf d
Full track evaluation was not included in the report.

= =4 =4

452 LAZIR TWO
Amended LAZIR ON&hly change was to add notATC ASSIGNED (no environmental impact).

45.3 LAZIR THREE

Amended LAZIR TWO, update on notes and produced no noise impact.

454 LAZIR FOUR

The SIDdesignsused in thewashington DMetroplex are othe same initial coding (identification and

location)and waypoints as the published AZIR4 RNAV 3D to COM Owaypoint they hoped would

provide a cansistent departure and predictabldrack over the River utilizing PBN proceduresto avoid

Prohibited Area(i.e., Aread>-56Aand R56B). The amendment change charted fix OTTTO to the west

&ARS 2F RSLI NI dzNB O2y i NRffSNNR&a FTNBI|jdSyde o62E LINEBR
establishel on the procedure (charted on various navigation charts) near the town of Nottingham,

Maryland.

455 LAZIR FIVE

Published on January 08, 2015, and was then canceled on August 20, 2015, due to the LAZIR SIX
implementation.The LAZIR FIVE amendment added ch@aR ALTITUDE 5000 to additional flight data

but produced no noise impact and replaced LON VORTAC with OTTO with additional flight data and fixes
and NAVAIDS. This also caused no change in noise impact because it did not route aircraftBIfser to

45.6 LAZIRSIX

The LAZIR SIX was implemented on August 20, 2015 with no track or altitude changasaedir
(canceled) on Oct 15, 2015. However, it was referred to for over a year by the FAA and MWAA in
presentations, public workshops, outreach material and megtiocuments, as though it existed.dn
review of MWAA Community Workgroup minutes datedbruary 16, 2017, this practice of using LAZIR
continues to dateFigure4-4 below shows the LAZIR SIX SID.
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Figure4-4: FAA Publication Chag River Visual Runway 19
4.6  Washington DQVetroplex Study (OAPM)

Optimization of Airspace and Procedures in theMetroplex (OAPM) was developed indirect resporse to
the recommendations from RTCAQ TaskForce 5 on thequality, timeliness,and scope of Metroplex
solutions. ORM focuses on ageographicarea, rather than a single airport. Thisapproach considers
multiple airports and the airspace surounding a metropolitan area, includingall types of ogerations, as
well as connedivity with other Metroplexes. OAM projeds have an expedited life-cycle of

approximately three yearsfrom plnningto implementation.

The DC OAPMONSWas released and noticed to the public on Decen®®2013. The DrafEAwas
made available to the public on JuR@,2013 and written comments were accepted by the FAA until

July 20, 2013.
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OAPMare special aircraft operating procedures to minimize noise exposure and increase efficiency
FromTable4-1: Summary of ATC Changes at DCA, YRZBUB/, OAPM was applied to six ATC
procedures for DCA. These procedures require spenibbard navigation performance monitoring and
alerting systems (now typically found on most commercial aircraft) to adjust throttle conditions to
minimize noise emigsn to ground receptors.

In September 2009, theFedera Aviation Administation (FAA) recdved the Radio Technical Commission
for Aeronautics RTCA) Task Force 5 Final Report on Mid-Term NextGen Implementation containing
recommendations conceming the top prioritiesfor the implementation of NextGen initiatives. A ley
comporent of the RTCA recommendations is theformation of teams kveraging FAAand industy PBN
expertise and experience to expedite implementation of optimized airspace and procedures.

Historically aircraft taking off used the maximum rate of climb available (limited by the aircraft stall
speed) to maximize altitude as soon as possible. This was the safest procedure because it affords the
maximum time and distance to recover from an exgency condition such angine or control
malfunction.However, with the excellent engine reliability and redundancy of a second (or more)
engine, new aircraft departure proceduresoaV for noise abated takeoffd/inimizing takeoff noise is
complex sinceeducing power lowers engine noise emissions but also lowers the climb profile bringing
the aircraft closeto the ground noise receptor©APM procedures are different for each aircraft type
and automatically adjust throttle settings during takeoff toniniize noise to the community below.

Similarly, OAPM for approaches also adjusts throttle settings to minimize todise ground noise
receptors.Basically, OAPM for approaches maximizes the glide potential and energy management of the
aircraft.

In addtion to reducing noise exposure, OAPM procedures also enhance fuel consumption, air safety and
operational costs.

4.7 OAPM SIB

The OAPMSudy Teamrecanmendedthe development of optimized PBBNdepature proceduresand
extensionsto the LAZIRand HAMMI RNA/ SDs. These SDs replacedthe LAZRRNA/ 9D andwill exend
further into the enroute environment.

The SIDdesigns usedthe same initial OAPMcoding and waypoints as the published AZIR4 RNAV SDto
COMOwaypoint. These povide a cansistent departure climbandtrack over the Rver utilizing PBN
proceduresto avoid the National Mall,Capito] and White House {Bhibited AreasP-56Aand R56B).
Figure4-4 shows the OAPM SID designs.

The proposed OAPNMHDs are named asfollows:
1. BUTRZRNA/SGD (CLTCH)

DIX>XERNA/ SD (BOOCK)

DOJRRNA/SD

HAMNRRNA/ SD (JDUBB)

HORORNA/SD

POO® RNA/ SD (SCRAM)

REBLLRNA/ SD

Nookswd

Page28of 150



DCA Airplane Noise Assessment
[2 ESIGN Final Report September 2018
GROUP DC GovernmenGrantNo. 20181810AQD

8. SOKIRNAV SD
9. WYNGRNA/SD

Each ®was tobeintegratedinto the automated preferential departure routing (PDR3ystemto reduce
control complexity for the DGAtower andthe potential erroneous SD assgnment. Of the nine new SH)
all have a common initial legith full impact toDG and only three track eastbourwdhen transitioning
to the enroute traffic structure.

4.8 RADAR Vectoring

Those aircraft being RADAR vectored off the runway or arriving are flying a magnetic heading as directed
by ATC, Potomaberminal Radar Approach Cont@RACON), DCA Air Traffic Control Tower (ATCT) and
are not subject to strict navigational compliancecoiteria as those assigned a SID as part of their flight

plan clearance. Additionally, the traffic being vectored is not included in any environmental impact study
conducted by the airport authority or the FAA. Both S§ARJ SIBwere developed to redred

Navigation Performance Level type RNP

4.9 STARs

The specific routes analyzed are nine SSTAR the nine published procedures, only two (FRDMM THREE
RNAV and TRUPS THREE RNAV) feed the arrival routes north of the airport which transition w@lhe arri
final landing south on Runway 19.

4.10 Instrument Approach Procedures (IAPS)

DCA has twelve Instrument Approach ProceduressjlA&ter preliminary review, only three have an
impact onDCandare analyzedor impact: RNAV RNP RWY 19, LDA Y/Z RWY 1Be&YVER VISUAL
RWY 19.

4,11 Standard Instrument Departures (SIDs)

DCAhasatotaloften SID F2NJ 4G KS FFANLIRZNI® ¢KS b!¢Lhb {9+9b Aa
the other nine are RNAV procedures developed through the DC OAPMigbesd-4 above.

4,12 TARGETS AEDT Environmental fhugeport

Ly al@& HnanmcX (GKS C!'! O2YLX Si SR WS LI2ZINTI¢E{ FI29NF ¢5 / 9 yad Al
of nine SIDswvere proposed for DCA in Arlington, s®\an alternative to existing routes using historic

LAZIR Waypointd.Using an FAA prototypeoise screening tool, the Terminal Area Route Generation,

Evaluation, and Traffic Simulation (TARGETS) Aviatimoimental Design Tool (AEDT) Environmental

Plugln, a noise modeling analysis was completed to screen for potential increases in noise resulting

from implementation of the proposed procedures.

Historic track data was obtained and modeled to establibaseline scenario. After the baseline
scenario was established, aircraft operations assigned to the proposed procedure were modeled as
flying the proposed procedure instead of their historical tracks where the procedure was modified to

12 ATO, AN 14, Environmental Policy Team Office. (2016, MayT28RGETS AEDT EnvironmentatiRl&gport for Ronald
Reagan Washington National Airport Arlington, \[@nline]. Available:
http://www.flyreagan.com/sites/default/files/dca_noise_screening_repdital 20160907.pdf
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establish an alterrtive scenario. Aircraft operation counts were adjusted to represent an average
annual day (AAD), and the model was used to calculate the noise exposure for the baseline and
alternative scenarios on that AAD. The baseline and alternative scenarios wereoth@ared to

determine whether the procedure would result in an increase in noise by the standards of the NEPA in
the environment surrounding the airport.

The results of the FAA TARGETS noise analysis indicated that no noise impact is expectedfbecause o
implementation of this group of SIDs at DCA. Howether FAA abandoned work on LAZIBoBhis
remains an academic exercise.

4.13 Flight Track Comparative Analysis

A sample of northbound flight tracks (RWY 01) from 2010 are depicteidume4-5, in the form of track
RSyaAride aKSIFG YILAZ¢E 6AGK g1 NYSNI O2ft2NA oeStf2g0>
departure flighttracks. The AEDT heat maps have been produced, in compliance with FAA Order

1050.1F, from National Offload Program (NOP) radar track source data.

Figure4-5: YR 2010 All Runwa 01 North Departures Track Density (from AEDT modeling)

In Figure4-6 below, the geographical relocation of the major flight trackhe east over the river is
evident through the flight track density map.
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Figure4-6: YR 20186 All Runway 01 North Departures Track Density (from AEDT modeling)

Noise abatement measures generallyenefo actions that are intended to reduce the extent of aircraft
noise to which existing and planned nosensitive land uses and population are or will be exposed. The
202S0GAQPS 2F (KSaS YSFadaNBa Aa a52Ay3 y2 KINYoE

Figured-7 providesa closer/zoomedn visual evaluation of impacts tfie nine RNAV SID procedures
produced througDCMetroplex Optimization of Airspace & Procedures liretMetroplex(OAPM) and
implemented beginning April 30, 2015 continuing throulgé current time
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Figure4-7: YR 20186 All Runway 01 North Deartures Track Density (Zoom In)

414 RNAYV Procedures

The desigof RNAV procedures has endured a long journey through inputs from the aircraft and
avionics industry, and through air traffic and Flight Standards criteria compliance.

As depicted ifFigure3-1, the flight track is constructed with a series of track routes and waypoints. Each
route must have a specific length to the next waypoint, and each turn containsadragi& and speed
criteria for the type of agraft in the fleet mix.

4.15 P-56 Complex

One of the challenges at DCA is the proximity of restricted a®@ B.5 miles from the north end of the

DCA RWYs 01/ 33. This restricted area is the Capitol Mall area extending frioimctila Memoriabn

the weg end to the Capitol and Supreme Court on the east end. The primary order for flight track design
criteria and compliance is FAA Order 8260.58A, the U.S. Standard for PBN Instrument Procedure Design.
A further complication is the speed restriction (waveéicriteria) on departures required to complete

the needed turn and climb rates.

The airport has declared RWYs 19 / 01 as their preferential operational runways. MWAA / FAA has also
reduced the usage of RWY,3¢hich we believe to bfor noise mitigatiorin Arlington and Rosslythis
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Aircraft Noise Report, 6ercent of all departures used RWY 01.

4.16 Operational DemandsDCA, IAD, BWI (Forecast)

The total numler of air traffic operations aiAD, DCA, anBaltimore/Washington International

Thurgood Marshall AirpokBWI) over the last ten yeahas been graphically displayed Figure4-8.

BWI has the highest potential for future growth (1.7%/YR), while IAD and DCA remain constant at the
lower end for future growth. See ald@ble4-2 for historic flight operations data for BWI.

m |AD mDCA = BWI

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Figure4-8: Total ATC Operations (IAD, DCA, and BWI)

Table4-2: Baltimore Airport Annual Flight Operations

2015 2014 2013 2012
Average Number of Passenger (per day) 65,270 61,131 61,639 62,138
Total Commercial Passengers per year (million 23.82 22.31 22.5 22.68
Percentage Chandeom previous yearYb +6.8% -0.5% -0.8% +1.3
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Table4-3 for DCA from 2010 through 2016 shows an 8.8 percent increase in overall flight operations
over the sixyear period at an average rate of 1.4 percent annually. During the same period, passenge
traffic increased more than 30 percent, an average of about 5 percent peryeatarge growth in
passenger traffic as compared to operations growth likely reflects the upgauging (moving to larger
aircraft) by air carriers, asis periodcoveredmajor capital investments by MWAA on infrastructure and
by the airlines to update their fleet.
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Table4-3: DCA Historical Operations and Passenger Count

Year Operations Passengers
2006 276,419 18,550,785
2007 275,433 18,679,343
2008 277,298 18,028,287
2009 272,146 17,577,359
2010 271,097 18,118,713
2011 281,770 18,823,094
2012 288,176 19,655,440
2013 292,656 20,415,085
2014 283,180 20,415,085
2015 292,781 23,039,429
2016 295,038 23,595,006

4.17 ForecastOperations

Table4-4 shows that DCA qualifies as a large hub with one percent or more of total U.S. passenger
enplanements. A medium hub airport enpks from 0.25 percent to 0.99 percent of total U.S.
passenger enplanements. Those small and-noin airports enplane from 0.05 to 0.249 percent, and
less than 0.05 percent respective\s depicted irTable4-4, the forecast for DCA growth@s14 percent
per year through the year 2045eeFigure4-9.
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Table4-4: Operations at Large Hub Airports, in Thousands (Data from FAA TAFZ2DS

S

2015 Rate™

Loc ID Regloy Alrport Name 2015 Percent® 2016 2020 2045 2015-2045 2015 2045
ORD AGL CHICAGO O'HARE INTL 881 080 872 836 1148 0.88 1 3
ATL ASO HARTSFIELD- JACKSONATLANTAINTL o7y 088 899 542 1478 1.7% 2 1
DFW ASW DALLASFORT WORTHINTL 654 069 677 688 1061 147 3 4
LAX AWP LOSANGELESINTL B48 066 688 784 1150 192 Rl 2
DEN ANM DENVER INTL 551 056 666 S8 @876 155 5 6
CLY ASO CHARLOTTEDOUGLAS INTL 546 055 %46 9592 894 168 6 S
LAS AWP MC CARRAN INTL 521 053 S33 574 855 166 7 7
IAH ASW GEORGE BUSH INTERCONTINENTALMHOUSTON 508 081 480 484 728 21 8 1"
JFK AEA  JOMNF KENNEDY INTL 443 045 453 481 742 173 -] 3
PHX AWP PHOENIXSKY HARBORINTL 438 044 442 488 T2 1.66 10 12
SFO AWP SAN FRANCISCO INTL 429 043 447 488 T2 178 1 10
EWR AEA NEWARKLIBERTY INTL 414 042 428 454 867 1.60 12 13
PHL AEA  PHILADELPHIA INTL 413 042 402 366 500 0.64 13 20
MIA  ASO  MIAMIINTL 409 041 417 438 Be2 1.5 14 14
MSP AGL  MNNEAPOLIS-ST PAUL INTLAWOLD-CHAMBERLAIN 405 041 411 428 610 1.37 15 16
DTW AGL DETROIT METROPOLITAN WAYNE COUNTY 380 038 3892 394 549 123 16 18
SEA ANM  SEATTLETACOMA INTL 32 038 408 484 743 233 7 ]
BOS ANE GENERAL EDWARD LAWRENCE LOGAN INTL 3r2 038 285 428 627 1.75 18 15
LGA AEA LAGUARDIA 368 037 375 385 7 015 18 23
SLC ANM SALTLAKECITYINTL 315 032 318 338 S04 157 20 19
HNL AWP HONOLULU INTL 314 032 308 325 435 1.08 21 23
MCO ASO ORLANDO INTL n 031 323 34 572 204 22 7
IAD AEA WASHINGTON DULLESINTL 209 030 201 303 438 126 23 2
DCA AEA RONALD REAGAN WASHINGTON NATIONAL 206 030 300 308 309 014 24 2
FLL ASO FORT LAUDERDALEMHOLLYWOOD INTL 275 028 287 324 a2 196 25 21
MDW AGL CHICAGO MIDWAY INTL 254 025 252 264 378 133 28 28
BWI AEA BALTIMOREMWASHINGTON INTL THURGOOD MARSHALL 245 025 248 271t 174 7 24
PDX ANM  PORTLAND INTL 215 022 226 253 1374 185 28 27
SAN AWP SANDIEGOINTL 185 018 186 216 328 172 29 28
TPA ASO TAMPAINTL 190 019 188 157 288 138 X 0
Totais 12568 1271 12773 13,415 15,696 749

Percent of total US operations.
“*Annual compound growth rate.
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Forecasted Growth Rates for the Large Hub Airports
Fiscal Years 2015 to 2045
{FAA TAF 2016-2045)

Figure4-9: Large Hub Forecasted Growth Operational Demands: Arrivals/Departures

As noted earlier, the purpose of the LAZIR procedure (and the subsequent transfer of all northbound
RNAV traffic to the initial LAZIR track) was to mibreetraffic and noise from RVgY01 / 33 away from
Arlington and over the Potomac River. These procedures transferred noise to the national parks and
noise sensitive residential communitiesE€

While both the NATIONAL and LAZIR impégthose departues from RWY 01 produce the most
overall impact from the end of the runway throughout the entire flight track.

Irrespective of any noise increases at the various stages of flight, FAA data shicatnte5, indicates

that the initial implementation of LAZIR ONE, absent of runway usage, placed approximately 18.45
LISNODSyYy G 2F ff y2NIKo2dzyR RSLI NIlidzNBaz 2@0SN) I yR
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Table4-5: Years 201t 2015 Runway 01 / 33 Procedural Usage /Relocation

Year Total RUNWA¥ 01 / 33 Conventional RNAV Perceg;fhange
2011 (MARCH 1) 60,957 49,711 11,246 18.45%

2012 85,001 71,447 13,644 16.03%

2013 84,312 81,344 2,968 3.5%

2014 90,410 90,410 2,768 3.06%

2015 91,403 91,403 51,133 55.94%

Note: Data from FAA Data; 8/17/16 MWAA Meeting.

Runway utilization, from the MWAA 2015 Annual Report, showed that 61 percent of all departures from
DCA utilized Runway 01, northbound, directly affecixgDuring the same time period, only 1.5

percent of departures utilized RWB8. Duringhe same pend, 40,070 aircraft used the NATIONAL
(Conventional) SID; however, specific runway usage is not available for those flights.

The MWAA 2016 Annual Aircraft Report revealed a continuance with 62.3 percent usage on Runway 01
and 3 percent on Runway 33. Anbalance of runway usage remains apparent. Additionally, a total of
34.6 percent of all year 2015 arrivals to DCA utilized RWY 19 for arrival and only 1.3 percent of arrivals
used RWY 15. This unbalanced runway usage is another benefit to the westeaslinghdrhe annual

arrival traffic data for 2016 runway usage reported that approximately 1 percent of traffic landed on
Runway 15, while 33.1 percent of all arrivals landed on RWY 19. The imbalance of runway usage for
arrival traffic also remains apparent.

418 Arrivals

We have only addressed the influences of the departureB@rArrivals or Instrument Approaches from
0KS y2NIK fFyRAYy3 w2, MBtROMPASBENBTY RHgNBMLINNG RA ®NB
shows the changed arrival paths.
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FAA PRESENTATION

Changes to Approach Procedures

RIVER Visual RNAV (RNP) RWY 19
December 2015 April 2015
»> DCA VOR R-328 REMOVED to promote visual > Ground track prior to SETOC moved east over the
tracking of the Potomac river Potomac River

b e Radar Track '16 b Radar Track '16 >y
. ~  Radar Track 16 % e Radar Track ‘16 SETOC ™%,

Federal Aviation
Administration

Figure4-10: River Visual and RNP Runway 19 Approach Change

We have identified the follow issues withe relocated arrival paths:

Flight tracks moved (relocated) more than a half mile easpfatie western shoreline.

No environmental review documents presented; original approach was amended.

Lack of compliance to FAA Orders 7100.9, 1050.1E, and 7100.4.

Increased track miles on the approaches.

Increase operation cost to user.

Increased environmental impacts to historic and noise sensitive neighborhoods; noncompliance
with FAA order 1050.1E, Appendix A, §6.2 (h).

=A =4 =8 =8 -8 -9

As shown irFigure4-11, the circled yellow area covers the entire flight that is being relocated off the
western shoreline, east to the River and beyond. This area is approximately fiveahenit&s in length

(from the FERGI waypoint to the GREYZ waypoint). The RNP RWY 19 was amended May 29, 2014 and
the River Visual RWY 19 was amended accordingly on December 10, 2015.
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RADAR REQUIRED
s oy 1

visibility
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TINM 12 13 14 1] 18 .

RIVER VISUAL RWY 19

Aircraf may visually follow the river 1o the airport, or may proceed via the RNAV (RNP)
RWY 18 Approach to SETOC waypoint, thon follow the river to the airport

MNOTE: Clearance for visual approoch does not authorize penetrotion of P-56.
RIVER VISUAL RWY 19  ®=momew R

Amdr 5 14149 RONALD REAGAN WASHINGTON NATIONAL (DCA)

Communications to be charted: :
Potomac Approach Control, Tower, GND CTL, CLNC DLVY and ATIS.

Figure4-11: FAAPublication Chart, River Visual Runway 19
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419 Summary and Conclusions

Noise concerns from DCA were voiced by communities around Arlington pgramotreased

community actionln 2002 communities around DCA participated with MWAA and the FAA in an FAA
sponsored noise compatibility study, termed a Part 15@lgt superseding a 1997 studyhe study was

completedin 2004with recommendations for establishing new DCA departure routesapg’btomac

River to provide noise relief to Arlington communitiésKk S ~ ROAfofXtlie Part 150 ultimately
RAAIEE26SR GKS AYLX SYSy(ll A2y 2F GKS a2@SNJ GKS NX
allowed purely for noise mitigation (as there mgeno noiseimpacted properties within the DN&5 dBA
O2yli2dND® | 26SOHSNE (KAA da2OSNI GKS NAOBSNE RSLI NI dzN.
change, as discussed in the following paragraph.

Subsequent to the Part 150 study, the advenNektGendeparture procedures, such as RNAV and RNP,
enabkd more precise routindgzrom 2004 through 2016 the FAA added, altered, and deleted this routing
43 times; most of the new departure rowgavere similar and named LAZIRe Part 150 study

predicted a 3 dB noise exposure reduction to Arlington with only a 1JAdBcrease to Georgeten
communities along th&otomacRiver.This prediction proved incorrect and the increase to Georgetown
is greater(i.e., 3+ dBAYurther, the FAA did not follow its own enviroantal procedures in

establishing the new routingVhen their own technical investigations showed increases exceeding FAA
standards, they invoked a CATEX to avoid camgéd with their own standardsh@& primary objective

was tomove the traffic and noisedm DCA RWSYD1 / 33 away from Arlingtofi.e., moved it east

towards DCand over the Potomac River. These procedures transferred noise to the national parks and
noise sensitive residential communitiesE
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5.0 DCA Noise Monitoring System Analysis
5.1 Background

Noise monitoring terminals (NMT) were first installe@dundDCA Reagan National in 1978 when the
FAA operated thairport. As theMWAA assumed operation of DCA, they continued the original
monitoring program and began publishing NMT fesin 2010"

The monitors operate by recording theweighted sound level each second while concurrently

recording the time. The system then electronically examines the sequence of recorded sound levels and
ARSYGAFTASA RAAONBGS m#pbk ol aikraidifoyeis ard dthefs2omS SISy ( a
community noise events such as road traffic. Events are detected by proprietary algorithms analyzing a
series of sequential noise events exceeding a threshold level.

The MWAA has reported monthly noise leviglsthe calendar in their annual reports (posted on their
website) since 2010. The original noise monitors were replaced with a newer, more advanced system in
2015 and began reporting new data in February 2015. Unfortunately, it is not known how thex earli

noise monitordistinguished between aircraft and community noise evdrim 2010 through 2014,

and whether the event listing from the old monitors provided to DOEE is exclusively from aircraft
flyovers or if they also contain additional community noise events. The newer noise monitors (2015 to
present) are a proven reliabkystem and report aircraft noise events and community noise events
separately Appendix Os an example of a part of a typical NMT report from a hewer monitor.

Of the 21 current NM3 recording DCA noise, three NMTs are located wibt@ilisted below fran north
to south) and are shown ifrigure 51 below:

1 NMT#4 Potomac Palisades 5334 Carolina Pl., NW
 NMT#6 Georgetown Visitation School: 1524 3%' St., NW.
1 NMT #17 Southwest DC Fort McNair Base: 1400 4" St., SW

Mclean NMT 4 7 o Bladeniburg
@,

20

NMT 6

O
(\

(
1

©)
“fosshn .
5 Washington
Arlington
Falls
Church

i NMT 17
) 17
e e Q/-

s Coral Mills
Sacgron SRSIONCS . Suitland
X . 4 Sihver MMl

irch
Uillreace

Figure5-1: Noise Monitoring Terminal Locations

¥ MWAA.Noise Monitoring Terminal Dat§Online]. Availablehttp://www.flyreagan.com/dca/reagamationatnoisereports-
and-data

Page42 of 150


http://www.flyreagan.com/dca/reagan-national-noise-reports-and-data
http://www.flyreagan.com/dca/reagan-national-noise-reports-and-data

DCA Airplane Noise Assessment
[2 ESIGN Final Report September 2018
GROUP DC GovernmenGrantNo. 20181810AQD

The teamanalyzedDCNMT reports for the years 2010, 2012, 2014, 2015, 2016 and a part of 2017 with
two objectives:

i To determine the DNL increase feach sitdbetween 2010 and 2016 .his assessment is
with respect to the noise impact criteria in FAA Advisory Circular 1050.1f.

1 Provide a general assessment and explanation of fligitslay, and traffic volumes per day
of the week, month of the year,umber of flights, range of sound levels recorded and a
comparison of SElLfor flights over each NMT.

5.2 Regulatory Environment FAA Order 1050.1E and 10501.F
5.2.1 FAA Advisory Circular 1050.1E

FAA Order 1050.1E became effective March 20, Z0BS. ordemupdated the FAA agenayide policies

and procedures for compliance with the NEPA and implementing regulations issued by the Council on
Environmental Quality (CEQ). The provisions of this order and the CEQ regulations apply to actions
directly undertaken byhe FAA and where the FAA has sufficient control and responsibility to condition
the license or project approval of a néiederal entity.

The FAA implemented the CEQ regulations in its Order 1050.1E which provides in Section 9 that:
The order [1050.1E] is not a substitute for the regulations promulgated by CEQ,
rather, it supplements the CEQ regulations by applying them to FAA programs.
Therefore, all program offices and administration offices shall comply with both
the CEQ regulati@nand the provisions of this order.

Therefore, the language and purpose of the CEQ regulations are controlling in all cases and shall
supersede any interpretation by other agencies that are contrary to the meaning and spirit of the CEQ
regulations.

5.2.2 FAA @der 1050.1E, 8 11b, NoiS=nsitive Area
¢tKS cC!! RSTAYSa || b2AaS {SyairxdArAgdgS ! NBI Fa a!y | NB
associated with its use. Normally, noise sensitive areas include residential, educational, health, and

religious strigtures and sites, and parks, recreational areas (including areas with wilderness
OKF NI OGSNRAGAQaAVLE AT REAFTS NBTBASAT FyR Odzf G dzNT f

5.2.3 FAA 1050.1E, 814.2b, FAA Responsibilities

FAA responsibility stipulates that all detailedise analysis must be performed using the most current
version of the Noise Integrated Routing System (NIRS).

TheNIRS, Version 6.1, is an FAA naisgessment program designed to provide an analysis of air traffic
changes over broad areas. It is intexdto work in conjunction with other Air Traffic modeling systems
that provide the source of routes, events, and Air Traffic procedures such as altitude restrictions. In
March 2012, NIRS was replaced by AEDT version 2a, for analysis of air traffic amspa@eedure
actions.
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5.2.4 FAA Order 1050.1H.5a, FICON Report

¢KS CSRSNIf LYGSNI3ISyOe /2YYAGGUSS 2y b2AasS o6CL/ hb
P'ANLIR2 NI b2AaS !ylrfeara LaadzSasze RIFEGSR ! dz3dzad mphH
and should continue to be used as the primary metric for aircraft noise exposure. However, DNL analysis

may optionally be supplemented on a césgecase basis to characterize specific noise effects. Because

of the diversity of situations, the variety sfipplemental metrics available, and the limitations of

individual supplemental metrics, the FICON report concluded that the use of supplemental metrics to

analyze noise should remain at the discretion of individual agencies. The FAA chose not to use

suppkmental data for the DCPRart 150 Study or the DC OAPM.

5.2.5 FAA Order 1050.1E14.5d

For proposed air traffic or special use airspace actions 3,000 feet above ground level (AGL), FAA
approved screening shall be used. NIRS allows the user to evphtatgtial noise impacts resulting

from changes in airport arrivals and departures by screening proposed changes to determine whether
the change increases the community noise level by 5 decibels or more beneath the aircraft route.
Where a proposed changeowld cause an increase in noise of 5 decibels or gréat@reas where the

DNL is less than 60 dBRe FAA considers whether there are extraordinary circumstances that warrant
preparation of an environmental assessment.

5.2.6 FAA Order 1050.1E14.5e

For airtraffic airspace actions where the study area is larger than the immediate vicinity of an airport,
incorporates more than one airport, or includes actions above 3,000 feet AGL, noise modeling will be
conducted using NIRS. For those types of studies, WIR# used to determine noise impacts from the
ground to 10,000 feet AGL. This noise analysis will focus on the change in noise levels as compared to
populations and demographic information at population points throughout the study area. Noise
contours wvill not be prepared for the NIRS analysis. However, NIRS will be used to producea@hange
exposure tables and maps at population centroids.

5.2.7 FAA Order 1050.1E, 8§15

Major development proposals often involve the potential for induced or secondary impacts on
surrounding communities. Examples include: shifts in patterns of population movement and growth;
public service demands; and changes in business and economic activity to the extent influenced by the
airport development. Induced impacts will normally nat fignificant except where there are also
significant impacts in other categories, especially noise, land use, or direct social impacts.

5.2.8 FAA Order 1050.1F
FAA Order 1050.1F became effective July 16, 2015, revised from the previous version 1050.1E.

5.2.9 Secton B1.6. Supplemental Noise Analysis

DNLanalysis may optionally be supplemented on a dagease basis to characterize specific noise
impacts. There is no single supplemental methodology that is preferable in all situations and these
metrics often do noreflect the magnitude, duration, or frequency of the noise events under study.
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In addition, the FAA will consider the use of appropriate supplemental noise analysis when it identifies,
within the study area of a proposed action or alternative(s), onmore Section 4(f) properties

(including, but not limited to, noise sensitive areas within national parks; national wildlife and waterfowl
refuges; and historic sites including traditional cultural properties) where a quiet setting is a generally
recognied purpose and attribute. In considering the use of supplemental noise analysis for such
properties, the FAA will consult with the officials having jurisdiction over the properties. Such
supplemental noise analysis is not, by itself, a measure of advicsafinoise or significant aircraft

noise impact.

5.2.10 Appendix B, §B.4

For air traffic airspace and procedure actions where the study area is larger than the immediate vicinity
of an airport, incorporates more than one airport, and/or includes action8@féet AGL, an FAA

approved model must be used. The noise analysis will focus on a chegeosure analysis, which
examines the change in noise levels as compared to population and demographic information at
population points throughout the study are@his is normally a noise grid analysis. Multiple grids may be
created, but at least one grid must consist of population centroids from the U.S. Census blocks. Discrete
receptor points can also represent select noise sensitive area(s) or comprise a geoepébr grid over

GKS adGdzReé | NBF>X SAGUKSNI RSyaSte 2N aLJl NaSte aLlk OSR
discretion; however, noise contours are not required and are not normally used for the analysis of larger
scale air traffic airspace and pratee actions. If the study encompasses a large geographical area, it is
not recommended that contours be created for the representation of results below DNL 55 dBA due to
fidelity of receptor sets needed to create an accurate representation of the contour.

For air traffic airspace and procedure actions evaluated as described above, @isngmsure tables
and maps at population centers are provided to identify where noise will change by the following
specified amounts:

@ C2NJ5b[ cp FdBA I YR KAIKSNNY bmMO
w C2NJ5b[ ¢cn R.! (42 fcp R.!'Y bo R.!
w C2NJ5b[ np R.! (42 fcn R.!'Y bp R.!

5.3 Noise Monitor Operations

Both the old and new monitors use the same general operation. A total of 2l Niée been installed
in areas potentially affected by noise from D@erations™* These were installed and are operated by
the MWAA.

The monitors begin recording all noise above a certain threshold level, recording the noise energy

throughout the event until the sound drops below a second threshold level (which may or may not be

the same as the trigger threshold). The monitors then shisenergy into a single SEL noise event.

They also record other parameters showniK S ¢5 S FAf SR b2AasS 9@Syid wSLERN

The current noise monitors appear to have been wadlintained and routinely calibrated according to
appropriate acoustal standards. Our review of the data for the years analyzed show reasonable and

14 Reagan National Airport, Noise Monitoring Systettp://www.flyreagan.com/dca/reagamationaknoisemonitoring
system
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consistent data results for the new noise monitoring system. We conclude that the data from the newer
monitoring system is correct and reliable, while were unable to verif and validatehe data from the
earlier monitoring system.

54 Analyses Procedures

As discussed in Appendix A, noise metrics for community noise assessment, including aircraft noise
impact, are integrated measures incorporating both the level and duratiowiske events. The SEL

metric is such a measure, and SEL values are summed on an energy basis to compute daily, month and
annual DNL values.

hdzNJ FylFfeaAra O2yaAirdadiSR 2F GF1Ay3a GKS aNlgé y2A4aS
values; ve then compared our calculated values to those published by M\Vikgpendix Dg Typical
NMT Report from a Newer Monitét K2 g4 a (G KS a NI édcalcuRtionst dza SR Ay 2dz

5.5 Results and Conclusions
¢tKS RAAONBLI yOASAa Ay GKS 2fR Y2yAUu2NAy3 ae
RSGFAfT SR S@Syid fAadGAy3da Aa O2YLI NBR G2 (K2
website. Thecalculated and published data frodMMTs 4, 6, and 17 are shown Trable5-1 through
Table5-3. This shows the followinigr the four calendar years analyzawbte we did not analyze 2015

data due to the changeover in monitoring systems, the testing of the LAZIR flight path in the second half
of March, and the implementation of the LAZIR routes in April and June:

SyQa

aid
asS LJdzo f

9 DNL values computed by the project team from the raw data results from the monitors, and
f DNL values reported from the MWAA annual report monthly data

15 http://www.mwaa.com/sites/default/files/achive/mwaa.com/file/2010 Noise Report.pdf
http://www.mwaa.com/sites/default/files/archive/mwaa.com/file/2012_Noise Report.pdf
http://www.mwaa.com/sites/default/files/archive/mwaa.com/file/2014 Noise Report.pdf
http://www.flyreagan.com/sites/default/files/2016_mwaa_annual_aircraft noise_report_final.pdf
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Table5-1: NMT #4 DNL Analysis

Calendar Year DNL (dB)
Data Source Old System New System
2010 2012 2014 2016
Aircraft Aircraft | Diff re: 2010 Aircraft |Diff re: 201 Aircraft [Diff re: 2010
DNL: Computed from event listing (d 55.1 59.0 +3.9 56.4 +1.3 57.7 +2.6
DNL: from MWAA Annual Reports (d 54.3 55.7 +1.4 54.0 -0.3 57.7 +3.4
Table5-2: NMT #6 DNL Analysis
Calendar Year DNL (dB)
Data Source Old System New System
2010 2012 2014 2016
Aircraft Aircraft [Diff re: 201Q Aircraft |[Diff re: 201 Aircraft |Diff re: 201
DNL: Computed from event listing (d 55.8 54.9 -0.9 53.5 -2.3 57.3 +1.5
DNL: from MWAA Annual Reports (d 53.8 51.3 -2.5 51.5 -2.3 57.3 +3.5
Table5-3: NMT #17 DNL Analysis
Calendar Year DNL (dB)
Data Source Old System New System
2010 2012 2014 2016
Aircraft Aircraft |Diffre: 201Q Aircraft |Diff re: 2014 Aircraft [Diff re: 2010
DNL: Computed from event listing (d 58.5 57.5 -1.0 57.4 -1.1 54.8 -3.7
DNL: from MWAA Annual Reports (d 55.3 56.9 +1.6 56.5 +1.2 54.8 -0.5

Several conclusions are evident from thessults:

f 5b[ NBadz a Llzof A& KS @or2030 theoadgh 200430 not sigyedavvith theNB L2 NIi &
values we computed from the detailed event listings provided to us by MWAA.

f 5b[ NBadzZ Ga LJdzmfAAZKSR Ay a2! ! Qa | ygsat)fagreeS LI2 NI
gAGK GKS @I fdzSa ¢S O02YLHziSR FTNRY (GKS RSOl AfSR

Q)¢

Several trends are evident from the variation in annual DNL for each of the three NMTs. The DNL at the
southernmost NMT #17 declined from 55.3 dBR010 to 54.8 dBA in 2016. Thidikely due tothe

gradual change in northbound departure routes from DCA from RWY 4 to RWY 1 over the Potomac
River. Both NMT #6 and NMT #4 further noribar the east bank of the River encountered increased

DNL value$3.5 and 3.4 dBA, respectivetyyring the same period. THargestincrease igrom NMT #6

from a DNL of 53.8BA in 2010 to 57.3 dBA in 2016.

5.6 Calculated Aircraft DNL with and without Community Events

The earlier monitoring system reported both aircrafb [ ' YR 2 0 KSNJ aO2YYdzyAGléé¢ 5¢
newer system reports aircraft DNL but does not compute community DNL values. The monthly and

annual DNL values were computed both with and without the community noise contribution for the

three NMB. Table5-4 shows the annual results of this assessment for NMT #4 for YR 2015 aad6(R
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Table5-4: 2015 and 201&\nnual DNL Values with and without Community Noise at NMT #4

vear Aircraft Only DNL| Community Only | All Events DNL
(dBA) DNL (dBA) (dBA)

2015 57.9 55.0 59.7

2016 57.7 52.3 58.8

Note: The DNL values presented in the table above are only from a
summationof noisy events (i.e., does not include the noise contribution of
noise between events; actual DNL values at the NMT locations are likely
higher than presented aboye

It is clear from these results that aircraft noise was the predominant noise souhtelat#4 during
2015 and YR 2018.deeper analysis of aircraft noise, presented in terms of DNL and other
supplemental metrics is contained in subsequent sections of this report.

5.7 Temporal Analysis of NMT Events

Examining the NMT data also reveals certain elements of the overall noise exposure. Specifically, the
monthly volume of operations, monthly DNL values, average overflights by day of the week, and the
average daytime versus nighttime noise contribution weoenputed for recent (2016) operations.

Table5-5 shows the total number of aircraft flyovers at NMT #6; wher€éakle5-6 shows the total
number of events (flyovers + community) at NMT #6. Fina#iip)e5-7 and Table5-8 show the
distribution of events by day of the week.

The daytime and nighttime noise exposure contributions were computed for NMT #6 for January 2016
according to the DNL criteria. The nighttime criterion penalizes nighttime noise events by 10 dBA, an
amount equating a single nighttime noise event equaleio daytime noise events of the same level.

This independent analysis found 21,856 daytime events and 3,167 nighttime events for the month (i.e.,
87% daytime and 13% nighttime). This resulted in a daytime DNL contribution of 55.4 dBA and a
nighttime contritution of 59.0 dBA. Thus, the nighttime noise contribution from flyovers was judged to
be subjectively more annoying, although there were six times fewer nighttime events.
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Table5-5: Typical MonthlyFlyovers at NMT #6 (2016)

Month Jan Feb Mar Apr May Jun

Number of Flyovers 10,814 | 10,728 | 10,541 | 11,928 | 12,496 | 12,223

Annual Percent 7.7% 7.6% 7.5% 8.5% 8.9% 8.7%
Month Jul Aug Sep Oct Nov Dec Total
Number of Flyovers 12,160 | 12,251 | 11,969 | 12,411 | 11,856 | 11,382 | 140,759
Annual Percent 8.6% 8.7% 8.5% 8.8% 8.4% 8.1% 100%

Table5-6: Typical Monthly Events at NMT #6 (2016)

Month Jan Feb Mar Apr May Jun

Number of Events 25,023 | 26,352 | 22,282 | 27,758 | 30,293 | 25,872

Annual Percent 8.3% 8.7% 7.4% 9.2% 10.0% 8.5%
Month Jul Aug Sep Oct Nov Dec Total
Number of Events 22954 | 21,449 | 22,413 | 26,110 | 25,700 | 26,444 | 302,650
Annual Percent 7.6% 7.1% 7.4% 8.6% 8.5% 8.7% 100%

Table5-7: Average Daily Flyovers at NMT #6 (2016)

Day Sun Mon Tue Wed Thu Fri Sat Total
Number of Flyovers 18,759 | 20,994 | 21,391 | 21,760 | 21,745 | 21,872 | 14,205 | 140,759
Annual Percent 13.3% | 14.9% | 152% | 155% | 15.4% | 15.5% | 10.1% 100%

Table5-8: Average Daily Events at NMT #6 (2016)

Day Sun Mon Tue Wed Thu Fri Sat Total
Number of Events 36,513 | 44,539 | 47,087 | 45,851 | 47,376 | 47,752 | 33,532 | 302,650
Annual Percent 12.1% | 14.7% | 15.6% | 151% | 15.7% | 15.8% | 11.1% 100%

Various trends were also evaluated for 2016, the most current year with annual statistics. At NMT #6
March had the fewest flights (10,541 or 7.5% of annual) and May the most flights (12,496 or 8.9% of
annual), less than a 20 percent difference. No straagenal trend was found. A slightly stronger trend
was measured for days of the week with Saturdays having the fewest flyovers (14,205 or 10.1%
annually) and Friday with the most, half again as many (21,872 or 15.5% annually). A separate
assessment of daiyhe and nighttime noise was made for January 2016. While there were fewer
nighttime flyovers producing lesser noise exposure, the 10 dBA penalty assigned to the DNL metric
deemed the nighttime noise contribution the greater annoyance.
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5.8 Results and Conclusms

The DNL calculations conducted on the 2@004 Excel spreadsheet providedD€by MWAA

via FOIA do not match that published in the MWAA Annual Reports. Thus, the published MWAA
datais questionable, and we were unable to determine how they derivedéported DNL

values for aircraft noise.

Our DNL calculations on the 2016 data (new monitoring system) match the published MWAA
Annual Report data.

We conclude that only the DNL aircraft results should be compared between monitoring
systems. However, weere unable to determine how MWAA came up with the aircraft DNL
results for 2014 and prigyears, so we believiae aircraft noise result®r 2014 and prior years
should be viewedkeptically
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6.0 DCANoiseMeasurements and Nois#&lonitoring TerminalsAnalyss
6.1 Summary

This section presents the results of noise measurements conducted in 2017 and 2018. The 2017
measurements were conducted during June 12 through July 12, 2017, and the 2018 measurements were
conducted June 20 through July 15, 2018, in the Geovgetcommunity most noisémpacted by flights

to and from DCA.

For the Phase 1 (2017) measurementsyen longterm (i.e., all day and/or all night) noise
measurements were conducted exterior and interior spacegach interior location was only measdr
for one day (for schools) @ne night (for residencesyhereas the exterior locations were measured for
multiple days For the Phase 2 (2018) measureni@long term @0 day) exterior meaurements were
conducted and &hortterm (7 day) interiornoise measurements were conducted. Exterior and interior
measurements occurred at the same address/location.

The measurements were conducted to quantifpital day and nighttime noise exposure over the area,

to assess awakenings from aircraft flyoverd émdetermine if classrooms in the area complied with

recommended acoustical standarddoise exposure measurements were measured and reported in

terms of national and international standards: single event level @HEIDNL Awakenings were

assessed ithree residences in accordance with American National Standard (ANSI/ASA2@X2.9

GvdzZ YGAGASE FYR t NPOSRdzNBa T2N) 55a0NRPadbAzy YR a$l
Methods for Estimation of Awakenings Associates with Outdoor Noise EvenR Heary | 2 YSa ®¢ ¢ K &
acoustical performance déur classrooms was assessed per ANSI/ASA SPAGYystical Performance

Criteria, Design Requirements, and Guidelines for Sahgol t I NIi MY t SNXI ySy G { OK22

Exterior DNL values varied from the lows30 alnost 65dBA thelevelat which residences are eligible
for retrofit noise insulaibn.'® The awakening analysis showed that between 12.5% and 34.3% of the
population would be awakened at least onddne classroom analyses showed that one of the three
classroms complied with the acoustical performance standards while the other two failed to fully
comply, but by a small margin.

6.2  Measurement Description
6.2.1 Equipment

For the Phase 1 measurements, environmental noise measurements were conducted from Monday,
June 122017 through Thursday, June 15, 2017. At two exterior locations, measurements were
conducted for a month (June 12 to July 12, 2017). The equipment used was Type 1 digital sound level
meters, set to log the sound level one time per second (i.e., one sdoggihg). A Type 1 sound level

meter has an accuracy of HBA per ANSI Standard S1.4. Both the overall noise level and spectral
sound data was recorded, and the meters were set to make audio recordings of all noisy events above
65 dBA Larson Davis Modl831 sound level meters were utilized for most of the measurements; the

two one-month measurements were conducted utilizing Bruel & Kjaer Type 2250 sound level meters. All
meters were calibrated before and after the measurements, with no significantirié&sponse, and all
meters were time synchronized.

Yp2iS GKIFIG StATAOAEAGE FT2NJ a2dzyR AyadzZ [ GA2y Aad oFadSR daRy (K.
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6.3 MeasurementLocations

The Phase 1 easurements were conducted at three residential locations, at both the exterior and
interior of the dwellings. In addition, exterior measurements were conducted atggésmwvn University
and Georgetown Visitation School along with two interior locations at each sd¥oi.that the

interior measurements were conducted for only one day (for schools) or one night (for residences).
Table6-1 below summarizes the measurement locations:

Table6-1: Phase 1 Noise Monitoring Locations

Location Name Measurement Location

Exterior: Back Deck

Interior: Upstairs Bedroom

Exterior: Roof

Interior: Living Room

Exterior: Front Yard

Interior: Master Bedroom

Exterior: Lauingekibrary Rooftop

S1: Georgetown University Interior 1: Healy Hall Classroom 106
Interior 2: WhiteGravenor Chemistry Lab 404
Exterior: Sports Field

Interior 1: Nolan Center Auditorium
Interior 2: Fannasi Building, Classrooi? F

R1: Reservoir Rlesidence

R2: MacArthur Blvd Residence

R3: Hillandale Residence

S2: Georgetown Visitation
Preparatory

The Phase theasurements were conducted at four residential locations, at both the exterior and

interior of the dwellingsin addition, exterior measurements were conducted at Georgetown University

and Georgetown Day School along with two interioalins at each dwol. Exterior measurements

were one month long; interior measurements were approximately one week; however, interior noise

f SPSta FT2NJ GKS dzyYSIF AdzNBER GKNBS ¢SS1a ¢l a OFft Odz |
to the 30 days of exterior nge data to derive interior noise levelkable6-2 below summarizes the

measurement locations:

Table6-2: Phase 2 Noise Monitoring Locations

Location Name Measurement Location

Exterior: Back Deck

Interior: Kids Bedroom, 2nd Floor
Exterior: Roof

Interior: Living Room

Exterior: Roof

Interior: Classroom B406

Exterior: Lauingekibrary Rooftop
Interior: Healy Hall Classroom 105
Exterior: Upstairs Deck

Interior: Guest Bedroom, 2nd Floor
Exterior: Upstairs Back Deck
Interior: Upstairs Bedroom

L1: 47th StreeResidence

L2: Charleston Terrace Residence

L3: Georgetown Day School

L4: Georgetown University

L5:HillandaleResidence

L6: Reservoir Road Residence

The measurement locatiorege shown on the various figures in the following subsections.
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6.4 Measurement Procedure

The exterior monitors were located with clear linésight to the sky to accurately capture aircraft
flyovers. The meters were located at least six feet away frém al

acoustically reflective elements such as exterior walls, and care was

taken to install the meters away from noise sources such as
mechanical/HVAC equipment. The interior meters were located at
least three feet away from reflective elements such as veadts
floors, typically at least six feet away from the exterior walls.
Typical photos of exterior and interior sound level meter
installations are shown iRigure6-1 and Figure6-2.

== v
), ‘
-

Figure6-2: Interior Sound Level Meter Figu6-1: Exterior Noise oi|

6.5 Data Analysis Methodology
6.5.1 Identification of Flyovers

As mentioned in the previous section, all sound level meters were programmed to record the sound
level one time per second, in terms of ovexdlAand the spectral (frequency) content (i.e., third octave
bands). During the measurements, the logged sound level contained contributions from aircraft flyovers,
local community events (e.g., vehicular pags, bells ringing at Georgetown University), and

background noise (e.g., birds).

In order to quantify aircraft noise levels at each exterior monitoring location, it is necessary to isolate
flyover noise from other, noircraft noise sources. The procedure for identification of flyover events
consistf two primary steps, as follows:

1. wdzy |y aS@Syidé¢ aSENOKkL Yyl tB\éxteriorafd3Mtb 45dBA y 2 A a @
interior. The 65dBAexteriorexceedance threshold was chosen based upon typical
background noise levels at the measurement lomas$ (whichwere typically between 45 and
60 dBA depending on time of day); similarly, the interior threshold was selected based upon
the interior background noise levelafter running the event search, a listing of all noisy
events including event timejuration, and associated sound levels was generated.
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2. ldentify all aircraft flyover events. For every exceedance event, staff listened to the associated
audio recording in order to identify the cause of the noisy event. The source of each event
was logged

6.6 Calculation of SEL

Aircraft flyover events are typically quantified in terms of @Btse mathematical symbol iagd-The SEL
is a statistical noise descriptawvhich sums the acoustic energy over the duration of a flyover event
(which is typically 100t20 seconds) into a reference duration of one second (see formula below):

YOO 0 QARp 70 000 QA& 60 Qé &

For every identified flyover event, our analysis software calculated overall duragiphyd (maximum
level), and SEL.

6.7 Calculation of DNL

The DNL noise exposure (i.e., thelfdur average noise exposure with adBApenalty for events

occurring between 10:00 pm and 7:00 am) can be calculated from a series of flyover events if the SEL of
each event is known. For every exterior noise monitoring location, the daily DNL was calculated per the
following formula:

lgn=10logl0 — z — B p m®° +10*logl0 — z — B p m?*

Where:Lgnis the daynight average sound level
LAEiis the sound exposure level
Ndis the number of daytime sound exposure level events
Nnis the number of ighttime sound exposure level events
Tdis the 15 daytime hours or 54,000 seconds
Tnis the 9 nighttime hours or 32,400 seconds
Tois the reference time of 1 second

The 15 daytime hours are from 7:00 am to 10:00 pm;Qméghttime hours are from 10Dpm to
6:59am.

6.8 Supplemental Metrics

Various public agencies (e.B9D and experts have acknowledged some of the limitations of the
exclusive use of the DNL to quantify aviation noise impacts. While the DNL is one of the only metrics
that has significat social research/surveys used to back up the thresholds of significance, there are
other supplemental noise metrics that are useful in quantifying and describing aviation noise impacts.
However, it should be noted that, with the exception of the classrowise metrics, there are no
generallyaccepted thresholds of significance/impact for these metrics.

DNL is the only noise exposure standard adopted by the EPA, and the only standard used by the FAA and
every other government agency to assess commuroigerannoyancdt is applied for aircraft noise,

highway noise, industrial noise and all other noise sources assessed under theTREBALL is also the

only noise metric for which there is a scientific and comprehensive assessment of the degree of
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community noise annoyancedppendix A; Acoustic Properties, Perception, Noise Measuregyigke
and DayNight Average Sound Level (DNisgusses the DNL metric and its correlation with community
noise annoyance in more detail.

DNL is often misunderstood by the public both in its technical basis and in its noise policyatans.

Sound and other human perception obeys the WebBechner law which expresses tiedationship

between the magnitude of a physical stimulus (including noise) and the intensity or strength that people
feel. This relationship is logarithmic and rlimear (e.g., two cars passing by produce twice the sound
energy of a single car, but are perceived as only marginally louder. It would take ten identical cars to be
perceived as twice as loud). Thus, the energy summation scheme embedded in the DNLtodéscrip
AyGdA GAGSd {SO2yRfeéx 5b[ 2yfé& NBflIGSa G42 G4KS LISND
The FAA, prior to NextGen, established a noise mitigation criterion of 65 DNL (with 12.5% highly
annoyed); this was principally feoundinsulating homes at no cost to the owner. Those individuals with
noise exposure below 65 DNL often felt that the DNL metric was flawed in not including them in FAA
noise mitigation programs.

Therefore, much of the public beliesthat additional metric® I { I & & gzl SYSGNA O&aé o | N
required.¢ KA& A& adrdSR Ay | LI LISNIoe 2AftALY 1'ft06SSs 2
b2AaS !ylteairdaéd wnnuT | Yy20KSNI o6& al NE 9tfSy 9l 3t
Communicate Aircraft Noise Effegts H 1 n T TDoDN6iRe WoskinglGroup, Technical Bulletin,

G! airy3a { dzLILX SY Sy iyal th&2aAaaS ¢a2S2it NahAdKite BuBliddBtdresSiiNdew n 1 ¢ @
metrics and a lack of understanding of DNL.

3

The principle supplemental metrics discusseet ar

1 Maximum Aweighted Sound Levels (MXAL): A measure of the maximum sound level during an
aircraft flyover

1 SEL: A measure of duration and magnitude of a single noise evemtaigAted decibels

1 Equivalent Sound Level{: The average noise level ovesgecified time, such as school hours

9 Time Above (TA or TAL): The amount of time that a noise event exceeds a maximum decibel
level (MXAL) threshold

1 Number of Events (flevel, NA, or NAL): The number of noise events above a maximum decibel
level threshold dring a specified period

1 Rattle: The low frequency noise effects on loose items and building elements

1 Sleep Interference: The percent of the population awakened in a specific interior noise
environment

f Learning: The noise effects of aircraft noise on ¢hltly Q& t S| Ny Ay 3

While the public may relate well to these metrics, only the last two, sleep interference andhigarn
have scientific standing-hese metrics, like the DNL, were developed from scientific research into the
noise exposure effects on humarms)d have documented procedures published by the American
National Standards Institute (ANSI).

Ml adzNBa +ad WEAYS 106203Q YR WhdzyoSNI 2F 990SyiaQ | |

find no research on their effects on asyance or other humafactors.It would be useful to conduct
studies on these metrics to evaluate their effects on humans.

Pageb5of 150



DCA Airplane Noise Assessment
[2 ESIGN Final Report September 2018
GROUP DC GovernmenGrantNo. 20181810AQD

The TA is a useful descriptor of the noise impact of an individual event, and also for multiple events
occurrihg over a certain time period.A analysisiusually conducted along with NA analysis, so the
results show not only how many events occur above the selected threshold(s), but also the total
duration of those events above those levels for the selected time period. TA has application for
describing he noise environment in schools, particularly when comparing the classroom or other noise
sensitive environments for different operational scenarios.

The NA metric has a distinct advantage in communicating current and projected noise exposure in a way
not available through theise of other metrics or tooldt is the only supplemental metric that combines
singleevent noise levels with theumber of aircraft operationsAnecdotal evidence has shown that the
public easily relates this metric to their evepydexperience.

Finally, noise annoyance is known to vary considerably among indisid¢hile a certain percent of the
population is highly annoyed with a particular noise environmtrg,remaining percent is notn our
experience with many communities/e find large areas of significant noise exposure but only a small
fraction of that population attending any public meetings to address it.

6.9 Calculation ofTAand NA Levek

TheTAand NA aresupplemental metris that areuseful in assessing the degreespkeech inérference
from a noise sourcel Ais simply the total time that a specific sound level is exceeded agpecific
measurement period, whereas NA is the number of events (flyovers) that exceed a specifidddevel.
exterior noise, an Aveightedlevel of 65dBAis usedas this is where speech communication can begin
to be impacted.

6.10 School Performancénalysis

It has long been recognized that a poor acoustic environment adverselysafacning for many
students.In 2010 a committee diventy-two acoustic experts compiled and examined relevant research
and formulded a new standard for school§his standard sets forth recommended acoustical
performance criteria and noise isolation design requirements and guidelines.

The main acousticédictors addressed in the standard are:

Onehour average Aand Gweighted noise within the learning space

Noise from heating, ventilating, and aionditioning (HVAC) and other mechanical equipment
Background noise in corridors and sound insulatioparty walls

Learning space reverberation time

Sound Transmission Class (STC) and Impact Isolation Class (IIC) ratingg Viallsaahd
floor/ceiling systems

9 Classroom audio distribution systems

= =4 =4 =8 =9

Aircraft flyover noise is not an element of all acoustiegluirements and guidelines. However, it is an
important element of onéhour average Aand Gweighted noise. The noise assessment of this report
evaluates the measured noise environment within classroangassesses compliance with the
Standard
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6.10.1 Noiseand Learning Impacts

There have been numerous studies and research performed to determine the effect environmental
noise (including aircraft) has on student learning. The following summarizes some of the relevant
conclusions with respect to aircraft noiaad student learning; additional information can be found in
the documents referenced below:

1 d&Children exposed to noise at school experience some cognitive impairments, compared with

children not exposed to noise; however, these effects are not unifomosacll cognitive

By SELR&SR (2 OKNBYAO SYQANEYYSYUI- y 2 A
~GA2y FYR ALISSOK LISNDSLIGAZ2YyXI & £ I
f Al

-
(j))

4G éyu A 2 yaXd syhBol deloemisdad\Ndn heBonak A y 3
SR GSad¢
FTFSNB y’OS AY I -inokxh Kkdihg deldyAnittie OK and &l S |j dzA @
Yzyu K NBI RAYy3a RSt¥Ye Ay (GKS bSUKSNII yR&aDE
Reading falls below average at noise exposures greater3hatBA(exteriorf°
The association between the effects of aircraft noise and student test scores is statistically
significantUpto an 12JS NOSy i RSONBI &aS Ay | &aokKz22tQa {dGlIdS
testing) was estimated for schools impacted by aircraft rfoise
Y Sound insulated schools have better test scores than schools without sound ins@lation

>

= =4

6.10.2 Schools Located in Georgetown

In addtion to the three measured schools (Georgetown University, Georgetown Day, and Georgetown
Visitation), there are numerous additional schools located in GeorgetowirPalisades area

Key Elementary School at 5001 Dana PI NW

Our Lady of Victory CathoBrhool at 4755 Whitehaven Parkway NW

{Gd tFONRO1 Q4 9LA&O2LIE {OK22ft 4 ntnn 2KAGSKIE
RiverSchool at 4880 MacArthur BNtW

Lab School at 4759 Reservoir Road NW

Georgetown Day School (lower and middle grades) at 4530 MacArthur Blvd NW
Georgetavn Visitation 1524 35St. NW

Montessori School of Washington4380 MacArthur Blvd NW

Hyde Addison Elementary School 3219 O St NW

Hardy Middle School 1819 8%t. NW

Duke Ellington School of Arts 3500 R St. NW

Washington International School 1690"36t. NW

E I R

" Quoted from ACRP Project ReportZ®2d ! a4 SaaAy3 | ANONI Fi b2A&S /2yRAThE2ya ! TFSOI
quote is a conclusion drawn from other research papers reviewed as a part of this ACRP report.

8 |bid, Page B.

Ber {dryatStRE SO Ff @ 4! ANORREQ & y/R2 IW2A AN B & S§1-2E XEH@YDIEY KD VNP
Study} Lancet, 2005. Page 1946.

%% ACRP Project Report-2B, Page Z; based on the RANCH Study cited above.

2L ACRP Project Report-@B, Page &, Pages-86 and 519.

2 ACRP Project Report-2B, Page Z, Page 8.9.
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f ¢KS / KAfRNBYQa 1 2dzaS 2F az2yiSdaaz2zNAh omoo 5dzYol N
9 The Field School 2301 Foxhall Rd. NW

9 The French Maternal School 3115 P St. NW

1 Georgetown Montessori School 1041 Wisconsin Ave NW

§ Holy Trinity School 1325 3&t. NW

6.11 AwakeningCalculation Methodology

Seep disturbance studies were conducted for the DCA Airport Airplane Nimgect. Each study uses a
procedure from the American National Standards Institute to calculate sleep disturbance.

Wheninvestigating aircraft noise exposure, the DNL metric iscommonly used to provide asingle
number rating to quantify the aircraft noise environment. Complementing the DNL are supplemental
metrics, themost common of which is sleepdisturbance. This report uses the SEL measurement
results fromvarious residenceduring nighttime sleeping hours to compute the probability of
awakening (or the percent of the population awakened in this nighttime noise environment).

Thisreport employsthe most compleyassessment method from AmericanNational Standard on
awakenings. ThiStandard providesa method to predict sleep disturbance in home settings where

people are familiar with the neighborhood noise environment (people are more easily awakened when
unfamiliar with the noise environment)Jdeep disturbanceis redricted to behaviorally confirmed
awakening asdemonstrated, for example, by pressihg a button upon awalening. Noise levels are
guantified asindoor A-weighted sound exposure levelsof outdoor eventsoccurring lessthan five
minutes prior to the awakening. TheStandard further assimesthat the sleepers have normal hearing

with no sleep dsorders.

The procedure for computing awakenings, set forth in the ANSI standard, was developed from research
data onaircraft flyover awakenings from several independent stu¢ses Appendix C for list of
references)The computation procedure uses three elements:

1 The probability of an awakening from a single event,

1 The probability of awakening as a function of tisiace retiring (the probability of an
awakening due to a noise event increases as time in bed increases), and

1 The probability of being affected by sound from distributions of single noise events.

The Stendard is primarily basedon sleepdisturbancescaused by aircraft noise. TheSandard presents
three methods for assessingsleep disturbance. The fist method simply assessesthe probability of a
normal person being awakened by an aircraft noise event of a specific sound exposure level. Thisis
the same asthe percent of anormal population awakened bythe aircraft noise event.

The second method presented in the standard also factors in the time since retiring. Thismethod
incorporates the effects of sleepstage on the awakening.

Thethird method in the standard incorporatesboth time sinceretiring and the effects of a sequence of

aircraft noise eventsduring the night. Thismethod, applied for this report, assss the effeds of
measurednoise eventsin the tested residencedhis method is based upon the fact that, after a period
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of time, the propensity for awakening becomes const#ypendix @escribes the computation

procedure.

6.12

6.12.1 Exterior DNL

The calculated DNL for each exterior noisenitar is listed inTable6-3 and Table6-4 below.

MeasurementResults and Conclusions

Table6-3: Phase 1 Measured Exterior DNL Val{dBA)

6/13/17 6/14/17 Long Term: 6/13%; 7/12/17
Location (South Flow) | (North Flow) | North Flow | South Flow | Mixed Flow Overall
R1: _Reserv0|r Rd. 56.3 61.9 ) ) ) i
Residence
R2: MacArthur Blvd. 55.4 60.7 59.3 56.2 59.0 58.0
Residence
R3: Hillandale Residence 50.6 58.0 58.4 51.6 56.8 55.8
S1: Georgetown University 60.3 64.6 - - - -
S2:Georgetown Visitation 528 50.5 ) ) ) i
Preparatory
Note: DNL on 6/13 only includes events beginning at 9 am for Locations R3 through S2.
Table6-4; Phase Z6/20/18-7/15/18) Measured Exterior DNL Valu¢dBA)
Location North Flow South Flow Mixed Flow Overall
L1: 47 Street 61.2 57.0 60.9 60.2
L2: Charleston Terrace 60.7 57.7 60.3 59.9
L3: Georgetown Day 62.9 61.2 63.2 62.5
L4: Georgetown University 63.3 60.6 62.3 62.3
L5:Hillandale Residence 58.2 52.5 57.3 56.8
L6: Reservoir Road 60.8 57.9 60.5 60.0

Note: Data from 7/7 and 7/8/18 missing from Georgetown University due to wireless network issues.

The Phase One losigrm (30 day)DNL noise measurement results are presented graphicalfigire

6-3. The Phase Two DNL noise measurement results are presgrapticallyin Figure6-4. Both figures
are separated by flow type (North, South, and Mixedrth flow is defined as 75% of arrivals were from
the south and 75% of the departures were to the North (over Georgetdovrg given day, South flow is
the opposite of North Flow, and Mixed flow indicates a blend of North and South flow oven@u24

period.
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As can be seen in the figure, DNL noise levels vary between 55 aBA68ith North Fbw DNL noise
levels being 1 to dBAhigher than South Flow noise levels.

6.12.2 Comparison between MWAA NMT and DOEE Noise Monitor

A omparison betweera 2 | | XM #6 and monitors from this measurement stwdys also
conducted.The noise monitor located at the sports field at Georgetown Visitation Preparatory School
glLa Ay Oft2aS LINRPEAYAGE (2 az2!! Qa LISNXYIySyid ba
building. Table6-5 summarizes the results of this comparison.
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Table6-5: Comparison of Results between DOEE and MWAA

Leq (dBA SELdBA Event Duration (sec) DNL (BA
MWAA | DOEE | MWAA | DOEE | MWAA DOEE | MWAA | DOEE
Aircratft Flyover 60.3 65.0 73.9 75.4 24.8 14.1 55.9 57.3
Averages
Community Noise 57.9 62.9 66.0 69.8 7.0 10.0 ;
Averages

Note: DNL ishe average of two monitoring days, 6/13 and 6/14. DNL calculation for BiMFAA and DOEE monitors
includes data beginning at 9 am on 6/13 as that is when the DOEE monitor at Georgetown Visitation was set up.

Based on a review of the data, it appears the MWAA monitor has a lower exceedance (trigger) threshold
than the 60dBAthreshold used for the above analysis of the DOEE monitaissis becausthe average

event duration is longer for the MWAA monitors (meaning events at NMT #6 begin earlier and end
later), and the overalld;is lower for NMT #6. Since thg,is an aveage level over time, the longer the

event duration, the lower thed, will be. However, it should be noted that the average flyover SEL is
similar between théwo monitors (approximately 1.8BA apart. Since the SEL metric sums the acoustic
energy of arevent to a reference time of one second, the SEL is useful to compare noise events
between two monitors when the threshold (trigger) level of one (or both) of the monitors is unknown. A
difference of 1.51BAcan be attributed is generally within the margiherror of field measurements,

and can be attributed to local reflections, slight differences in meter response/calibration, etc.

The DOEE SEL values are consistérilyBAabove those from MWAARN the DNL computation, this
would result in DOEE DNL valbesngl1.5dBAhigher than those reported by the NMT system

6.12.3 NALevel

TheaverageNumberof Daily Flyoverstave 65dBA(NA-65) for the Phase 1 and PhaseBasurements
are shown inFigure6-5 and Figure6-6, respectivelyseparated by flowype.
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Figure6-6: Phase 2ZNumber ofDaily Flyovers Above éﬂBAby Flow Type

As can be seen in the figure, for locations nearRiotomacRiver, the number ofiaily flyovers above 65
dBAis typically greater than 30@t locations further east/north of the river, the number of daily
flyovers above 68BAis between 100 and 300, vhita greater number of events above 8BAwhen in
North Flow.

The average Number of Daily Flyovers abovdBA(NA75) for thePhase 1 an®hase 2 measurements
areshown inFigure6-7andFigure6-8, respectively separated by flow type.
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Figure6-8: Phase 2ZNumber ofDaily Flyovers Above 7HBAby Flow Type

Those receivers located closest to DCA had the highest number of flyovers aldi®4 #%ost locations
had 100 or fewer events per day.

6.12.4 Daytime and Nighttime Average Noise Levels

The average daytimedkqday] and nighttime [Lqmighe] @ircraft noise legls were also calculate&igure6-9
through Figure6-12 show the daytime and nighttime average aircrafiselevels for both Phases 1

and2, separated by Flow Type.
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6.12.5 Nighttime Flight Distribution

Figure6-13 below shavs the series of measured SEL exterior flyover events during the night of June 13
14, 2017at one of the residenced he purpose of the figure is to show the distribution of eveni#)
the majority of nighttime events occurring between 6:00 am and 7:00 am.
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Table6-6 provides the summary results ftne monitoredresidences. The table showre total

Time

Figure6-13: Charleston Terrac@.2)Nighttime Flyover Event§June 1314, 2017)

6.12.6 Awakenings

probability of a single person awakened during the night with the measured interior noise. It also
tabulates the Noise Level ReductiMLR)measured for each residence.

Table6-6: Awakening and NR Results

Probability Awakened
. North NLR
. Location L . .

Residence, Monitoring Period Overall Flow South Flow| Mixed (dBA
R1 Reservoir Road June 13; 14, 2017 125 % - - - 30
R2 MacArthur Boulevard June 1%; 14, 2017 34.3% - - - 19
R3 Hillandale June 13; 14, 2017 30.9 % - - - 21
L1 47" Street June 2@ July 15, 2018 17.3% 18.2% 7.8% 28.%% 28
L2 Charleston Terrace | June 2@ July 15, 2018 32.4% 34.8% 23.5% 39.2% 21
L5 Hillandale June 2@ July 15, 2018 20.7% 23.2% 8.7% 27.8% 24
L6 Reservoir Road June20¢ July 15, 2018 13.0% 14.8% 4.5% 21.1% 31

The awakening results are well correlated with teRof each residence. That is, the home providing
the greatest noise reduction from exterior flyovers receives lower noise inside, with attendant less

propensity for awakening. The noise reduction of a home is a function of its construction; specifically,
the NLR properties of the sleeping areas. Aircraft noise generally impinges on a home equally on most
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exterior facades. Most noise enters the room througk weakest acoustical link, those building
element(s) with the poorest noise attenuation properties. These are invariably the windows and any
open vents through the wall. Of course, open windows provide the poorest noise attenuation.

Homes may be acoustlly retrofit to improve the NLRIhe FAA has a national residential noise
insulation program for noise impacted homesaiteas where the average annu2iNLis 65 dBAor
greater.Retrofit of homes in other areas (with a DNL belowdB83) is the esponsility of the owner(s).
The single greatest NLR improvement for a room is the application of a window storm sash or,
replacement of the existing windows with sourated windows. The application of a secondary window
with a minimum separation of two inchegtween the secondary and primary glazing panislalso an
effective option.The objective of window treatment is to increase the NLR properties of theomind
near that of the basic faale. Where exterior doors are included, they must also be treatechprove

their NLR properties to near that of theckde.

Individual homeowners may reduce interior noise thbugtrofit acoustic treatmentThis require an
acoustical assessmemgtrofit design and construction compliamtith the local building codee

recommend that an acoustical consultant, experienced in sound insulaticcgridacted for retrofit
design.The objective of residential sound insulation is to upgrade the NLR properties of weak acoustical
elements (i.e., windows, exterior doors, ventsof/ceiling sytem) with that of the faade. Homes with

a heavy stucco/stone facle may be upgradatto an NLR of 38BA those with lightweight wood or
aluminum paneling may likely only achieve an NLR of825

6.13 Classroom Noise Analysis

¢ KS & Qdfarddnce Sandard specifies a maximum éroaur equivalent sound level {lvalue),

termed an Hourly Noise Level (HNL), dgramy hour of the teaching dayhis standard is in two parts:

one for the Aweighted sound level (units of dBA or dB), and ametlie Gweighted sound level (units

of dBC)Thus, interior school noise measurements were madeyapglboth measurement metrics.

A-weighted sound levels are frequenbiased for human response to mievel sound, deemhasizing

low frequency soundGweighted saund levels eliminate this biadircraft noise contains more low

frequency sound than most community noise sources, and is therefore more likely to exceed the C

weighted standard of 55 dBC than tAeveighted standard of 35 dB Table 67 shows masurement

NBadzZ 6a 6AGK NBALISOG (G2 GKS aoOKz22taQ I b[ adlyRINR

Note that adifference of 3 dB corresponds a doubling of sound energy and.@ dB difference

corresponds tden times the acoustical energy. However, subjectlvely, a difference of 3 dBsisleed

G 2 doiideabl& B RAFFSNBYOS 2F p R. A dandedifferehde 6fNEBAB isd NB I RA f
considered twice as loud
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Table6-7: PeakHoursAverage Sound Levels and Classroom 8tad Values

ANSI 12.60 Criteria Measurements

HNL HNL HNL HNL

Phasec Room¢ Date ¢ Flow Direction Hour (dBA) (dBC) (dBA) (dBC)
Phase I, Chenistry Labg Rm 404*(6/14/17) North 09:51¢ 10:00 35 55 34.7 51.7
Phase X Healey¢ Rm 106*(6/13/17) North 14:00¢ 15:00 35 55 36.1 62.6
Phase I Fannasg Rm F2%6/14/17) North 13:00¢ 14:00 35 55 36.0 58.7
Phase X Fannasg Rm F26/14/17) North 14:00¢ 15:00 35 55 36.5 58.7
Phase I Fannasg Rm FZ6/14/17) North 15:00¢ 15:43 35 55 38.0 59.8
Phase2 ¢ Healeyg Rm 105 (6/19/18) North 12:00¢ 13:00 35 55 35.7 54.2
Phase Z; Healeyg Rm 105 (6/19/18) North 13:00¢ 14:00 35 55 32.9 55.1
Phase Z; Healeyg Rm 105 (6/19/18) North 16:00¢ 17:00 35 55 38.7 54.3
Phase Z; Healeyc Rm 105 (6/20/18) North 7:00¢ 8:00 35 55 34.7 55.9
Phase Z; Healeyc Rm 105 (6/20/18) North 9:00¢ 10:00 35 55 35.0 55.4
Phase Z; Healeyg Rm 105 (6/20/18) North 10:00¢ 11:00 35 55 35.7 54.6
Phase Z; Healeyg Rm 105 (6/20/18) North 11:00¢ 12:00 35 55 36.1 54.8
Phase Z; Healeyc Rm 105 (6/20/18) North 12:00¢ 13:00 35 55 36.7 54.3
Phase 2; Healey¢ Rm 105 (6/20/1850uth 17:00¢ 18:00 35 55 38.1 54.3
Phase Z, Healeyg Rm 105 (6/21/18) North 8:00¢ 9:00 35 55 37.9 55.6
Phase Z; Healeyg Rm 105 (6/21/18) North 9:00¢ 10:.00 35 55 36.4 54.6
Phase Z; Healey¢ Rm 105 (6/21/18) North 11:00¢ 12:00 35 55 37.3 53.2
Phase Z; Healeyqg Rm 105 (6/21/18) North 12:00¢ 13:00 35 55 36.5 54.9
Phase 2¢ GDS; Classroom 001 (6/198) North 10:00¢ 11:00 35 55 36.1 53.8
Phase 2¢ GDS; Classroom 001 (6/198) North 11:00¢ 12:00 35 55 35.8 53.8
Phase 2¢ GDS; Classroom 001 (6/128) North 13:00¢ 14:00 35 55 36.9 55.0
Phase 2, GDS; Classroom 001 (6/20/18) North 9:00¢ 10G:.00 35 55 35.2 54.0

Notes:

1) *Denotes that this was partial hour measurement with results tirreeveraged over the full hour.

2) Values irbold exceed criteria.

3) For Phase 2 measurements at Healey, Room 105 the averagel Aweighted interior sound levels were
evaluated between the hours of 7:00 and 22:0ldte that data from 6/19 through 6/21 was available; there was a
meter data store problem after this date which resulted in lost data.

4) For Phase 2 measurements at GDS, Classroom 001 the avemg @weighted interior sound levels were
evaluated betweerthe hours of 7:00 and 17:0donday through Friday
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ANSI 12.60 Criteria Measurements

HNL HNL HNL HNL

Phasec Room¢ Date¢ Flow Direction Hour (dBA) (dBC) (dBA) (dBC)
Phase 2, GDS; Classroom 001 (6/21/18) North 9:00¢ 10:00 35 55 35.3 53.4
Phase2 ¢ GDS; Classroom 001 (6/21/18) North 10:00¢ 11:00 35 55 35.6 54.6
Phase 2 GDS; Classroom 001 (6/21/18) North 11:00¢ 12:.00 35 55 36.4 54.5
Phase 2 GDS; Classroom 001 (6/21/18) North 13:00¢ 14:00 35 55 36.1 54.3
Phase 2, GDS; Classroom 0016/22/18) North 10:00¢ 11:00 35 55 35.3 53.6
Phase 2, GDS; Classroom 001 (6/22/18) North 11:00¢ 12:00 35 55 35.2 53.4
Phase Z GDS; Classroom 001 (6/25/18) North 8:00¢ 9:00 35 55 37.7 53.8
Phase Z, GDS; Classroom 001 (6/25/18) North 9:00¢ 10:.00 35 55 36.7 53.9
Phase 2, GDS; Classroom 001 (6/25/18) North 11:00¢ 12:00 35 55 35.9 54.1
Phase 2; GD5¢ Classroom 001 (6/25/18) Mixed 12:00¢ 13:00 35 55 35.4 54.0
Phase Z, GDS; Classroom 001 (6/26/18) North 10:00¢ 11:00 35 55 38.6 53.1
Phase Z, GDS; Classroom 001 (6/26/18) South 12:00¢ 13:00 35 55 355 53.7
Phase 2, GDS; Classroom 001 (6/26/18) South 13:00¢ 14:00 35 55 35.1 53.2

Notes:

1) *Denotes that this was a partial hour measurement with results tameraged over the fuliour.

2) Values irbold exceed criteria.

3) For Phase 2 measurements at Healey, Room 105 the averagel &weighted interior sound levels were
evaluated between the hours of 7:00 and 22:8lbte that data from 6/19 through 6/21 was available; there was a
meter data store problem after this date which resulted in lost data.

4) For Phase 2 measurements at GDS, Classroom 001 the avemuk@weighted interior sound levels were
evaluated between the hours of 7:00 and 17{d6nday through Friday

6.13.1 Phase LlassroomHourly Noise Levels

The Cheristry Lab, RoY

nnnx O2YLX ASa
hour average Aand Gweighted interior sound levels during the maximum aircraft noise school hour,
between 9:00 a.m. and 10:00 a.ifthough a full onénour measurement was not available and partial

g AGK

iKS

a0K22ft aqQ

LIS NJF 2 |

hour values were @rapolated for these results)The respective values of 34.7 dB and 51.7 dB are clearly

below the 35dB and 55 dB criteria values.

Healey, Rom 106, exceeds the oAgour average Aand Gweighted interior sound levels during the
maximum aircraft noise school hour, between 2:00 p.m. and 3:00 Pt respective values of 36.1 dB

and 62.6 dB are both above the 8B and 55 dB criteria values.

Fannasi, Bom F2, exceeds thene-hour average Aand Gweighted interior sound levels during the

three afternoon hours after luncihe respective Aveighted values of 36.0 dB, 36.5 dB and 38.0 dB are
all above the 35 dB, and 55 dB criteria valuesadso all slightly exceeded.
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6.13.2 Phase 2 Classroom Hourly Noise Levels
The noise level illealey Foom 105 exceeddoth the one-hour average Aand Gweighted interior
sound leveldor multiple hours during the school dageeTable6-7.

At the Georgetown Day Schoe@llassroom 001, the oAgour average Aveightedinterior sound levels
exceeded the criteria each day
6.13.3 Other Georgetowiand Palisades Aréachools

Although measrements were not conducted at other Georgetowalisades areeampuses, we would
expect exceedances of the ANSI classroom noise standards at the other schools based upon their
proximity to the measured schools.

6.14 Noise Monitoring Terminal Analysis

An analysis of NMT #4, #67,and #17 terminal data for two distinct months was conducted;

calculations of DNL and the other supplemental metrics presented earlier in this section were made. The
following summarizes the calculation results.

6.14.1 DNL Calculatns

Table6-8 summarizes the aircraft DNL noise levels at the four NMT locations anafygace6-14
illustrates the calculated DNL noise levels.

Table6-8: NMT Exterior DNL Values

North Flow South Flow Mixed Flow Overall
October April October April October April October April
Location 2017 2018 2017 2018 2017 2018 2017 2018
NMT #4: Palisades 58.2 58.5 58.2 58.6 59.2 57.7 58.4 58.5
NMT #6: Georgetown 58.3 58.3 53.9 55.3 57.6 56.1 56.9 57.4
NMT #7: Arlington 61.3 61.2 58.7 59.6 60.8 59.8 60.3 60.7
NMT #17: Southwest D¢ 50.1 514 43.1 45.2 50.0 48.5 48.8 50.1
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In general, the NMT #6 values are in the

6.14.2 NACalculations

Figure6-14: NMTAircraft DNL Calculations by Flow

same range as the DNL values mégsouedeam.

The number of aircraft flyovers above 65 dBA and 75 dBA was also calchigted6-15 and Figure
6-16 show the results of these calculations. In general, the findiogevents above a maximum level of
65 dBAand 75 dBAare similar to those calculated from our measurements
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Figure6-16: NMT Number oDaily Flyovers Above 75 dBA by Flow

6.14.3 Daytime and Nighttime Average Aircraft Noise Levels

Figure6-17 and Figure6-18 show the average daytime and nighttime aircraft noise levels at the four

NMT locations.
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7.0 Noise Complaint History
7.1 Operation of the MWAA Complaint System for DCA

This sedbn describes thairport noise complaint system operated by the MWAA for aircraft to and
from DCA. Noise complaint records compiled by MWAA from January 13, 2010 through December 1,
2015were analyzed.

DOEE obtained a compilation of complaiatords? This compilation, in the form of an Excel
workbook, includes a chronological list of 9,161 complaints over thgesx period, and includes the
following information for most complaints:

Airport (all DCA)

Complainant city or District

Complainanpostal code

Event date and time

Nature of the concern

Comments

=A =4 =4 =4 -4 =9

The data was analyzed to identify and quantify unique household complaints, as many complaints
appear to have been logged by the same person multiple times perdaymportant to identif
discretehousehold complaints rather than multiple complaints by one household, as a more accurate
representation of the total population submitting complaints is portray8dmehousehold

complaints were identified by the following characteristics:

1. Sane time of complaint: the complaint system logs complaints in one minute intervals; there
were some instances where multiple complaints occurred in the same minute

2. Same postal code: If multiple complaints were logged at the same time, then the postal code
of the complaints was reviewed

3. Same complaint text: The complainant has the ability to type in comments which get attached
to a complaint. There were some instances where the comments were-aogpasted
across multiple complaints.

Figure7-1 shows the annual noise complaints reported by all communities surrounding DCA. A total of
3,802 (41.5%) are identified as redundésame householdyomplaints and 5,359 (58.5%) are

identified as norredundant(unique householdomplaints.Our analysis focuses only on ron
redundant/unique household complaints, and the data presented in the following charts and figures
only includes unique househol@mplaints.

B9EOSt s2NJ o221 FNRY az2!!3s Wi ylfeara a2!! O2YLXIFAyda RFEGE Hc
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MWAA Complaints per Month
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Figure7-1: MWAAUnique HouseholdNoise Complaints (Jan 2010Nov2015)

There was a tremendous jump in the number of complaints foddlsetwomonths of 2015, as shown in
Figure7-2.
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MWAA Complaints: August through November 2015
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Figure7-2: MWAA Noise Complaints (Aug 20g3Nov 2015)

A review of the complaint statistics indicatiat there may have been periods when complaints were
not recorded. The complaint statistics were compared with the DNL analyses for each year from the
MWAA annual aircraft noise report$Most monitoring locations show generally minor increases or
decreags of DNL from montto-month and yeaito-year, with an attendant increase/decrease in total
annual noise complaints, except for the years 2013 and 2014 which fall well below this trend. January,
February, and March of 2013 reported total complaints of12and 9 respectely; whereas, April

reports 103complaints up to April 22 and none for the remainder of the month.

The complaint volume beyond 201&as remained elevatedn addition to the MWAA complaint records
from this report, many complaintsere received by the DOEE via email in 2017. Thesaié

2 MWAA. (2010, September 3@010 Annual Aircraft Noise Report for Washington Dulles International AirportaiéiD)
Ronald Reagan National Airport (DCA)

MWAA. (20112011 Annual Aircraft Noise Report for Washington Dulles International Airport (IAD) and Ronald Reagan
National Airport (DCA)

MWAA.2012 Annual Aircraft Noise Report for Washington Dulles Internat@inabdrt (IAD) and Ronald Reagan National
Airport (DCA).

MWAA.2013 Annual Aircraft Noise Report for Washington Dulles International Airport (IAD) and Ronald Reagan National
Airport (DCA).

MWAA.2014 Annual Aircraft Noise Report for Washington Dutiesnational Airport (IAD) and Ronald Reagan National
Airport (DCA).

MWAA.2015 Annual Aircraft Noise Report, Ronald Reagan National Airport, Washington Dulles International Airport
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complaints articulate many of the issues from the MWAA complaint forms discussed in the next section
of this report.

7.2 The MWAA Complaint System

5 / ! creentnoise complaint systerwaspurchased from thdruel & Kjeer Corporation (B&K), and is

the same as that used at many other major airports throughout the world. Complaints are submitted
online®dza A y 3 (i K & putitit Sodat. Nds llBws users to view dynamic aircraft activity around
DCA delayed bgne hour, and to identify individual flights by positioning the mouse over an aircraft as it
moves. WebTrak also reports the embarkation and destination airport locations, aircraft speed and
altitude, and displays the noise levels over the DCA noise nrenithus, aircraft enoute to other

areas are identified by the embarkation and destination airports.

When filing a complainthe complainant location andlentificationare entered on a form from the

complaint website¢’ The form requests complaint deits(e.g., noise concern, comment3he MWAA

complaint Excel file includes summary IN® | G A 2y 2y ¢ 2 N3 VaKBISY aiedd yWaddet BA /
lYylFfeaAraqQs WIylLfeaArda 2F wnmo 9 H A wmnofyEthebawldata 51 G Q
was usel.

The workbook contains information for all communities in the vicinity of DCA. A total of 72 zip code
areas are tabulated for 34 municipalities, many distant fid@ Of primary interest t®Care local
complaints and those of its neighbor to the wegrlington County, Virginia. All following analyses and
assessments are provided DG for Arlington and for all communities.

7.3 Complaint Records

For the5,359unigue household complaintsver the sixyear period 61 percent were fromDGC
22 percent werefrom Arlington, and 1percent were from other communitie3.able7-1 shows the
totals for the three complaint groups.

Table7-1: Compilation of 201@; 2015 Complaints by MWAA

Washington DC Arlington All other communities

Unique HouseholdComplaints 3,214 (61%) 1,149 (22%) 906 (17%)

7.4 Nature of Concerns

The complaint form gave 33 choices for concerns shatmplainant could choose. Concemmasons for
unique householdomplaints were sorted from the raw complaint history for each of the three
community areas analyzed. The results are presentdcbie7-2 for all six yearsnalyzed

% Reagan NationaReagan National Submit a Noise Complaifi©nline]. Availablehttp://www.flyreagan.com/dca/reagan
nationatsubmitnoisecomplaint

“Bruel & KjaerWebtrak.[Online]. Availablehttp:/webtrak5.bksv.com/dca

z Metropolitan Washington Airports AuthoritiNoise Complaint FornfOnline]. Availablehttps://complaints.bksv.com/dca
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Table7-2: Reasons fotJnique HouseholdComplaints by DCA Area, Jan 20dDec. 1st 2015

Concern Type D.C. Arlington Other Areas Total
APU (Noise) - 2 - 2
Air Pollution - - 2 2
Aircraft Circling - 2 - 2
Aircraft Off Course 98 83 135 316
Aircraft Too Low 74 153 66 293
Arrival Noise 1 - 1 2
Arrival Noise and Low Flying 3 1 1 5
Constant Noise 554 154 192 900
Departure Early Turn - 4 - 4
Departure Noise 1 2 - 3
Departure Noise and Low Flying - 4 3 7
Disturbed Rest/Relaxation/Sleep 94 42 15 151
Feared Plane would Crash 30 - 3 33
Flying After Hours 170 21 18 209
Helicopter Operations 3 30 3 36
Interferencewith Conversation - - 5 5
Interference with Conversation/TV 14 4 7 25
Noise & Wrong Time 724 72 49 845
Not Following the Recommended 2 7 1 10
Not Following the Recommended River Corridor 361 29 19 409
Other 59 26 15 100
Over Use of Runway - 3 - 3
Question/Concern - 1 - 1
Runups 1 2 1 4
Too Frequent 82 10 31 123
Too Loud 295 80 102 477
Too Low 269 16 25 310
Too Much Noise 400 377 188 965
Traffic Pattern 1 1 - 2
Unknown - 3 - 3
VibrationCaused Damage to My House 44 3 1 48
Vibrations 3 3 8 14
Total 3283 1135 891 5309

7.5 Time of Complaints

Twentyfive percent (286) of alunique household complaintd,3400f the 5,269 identified aircraft
noise events occurrinduring the nighttime period of 10:00 p.m. to 7:00 a.m.

The days of the week fawise complairts were also reviewedand summarized in

Table7-3. Unfortunately, the historical number of flights per day of the week was not available for 2010
¢ 2015 from the complaint fileHowever this datais available from the MWAA noise data for N6 in

DG so the percent of aircraft flyovers by day of the week for this é@eluded in the table below.
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Table7-3: Complaints by DCA Area, 202015

Sun Mon Tue Wed Thu Fri Sat
Percentcomplaints per day 11.4% | 21.1% 19.9% 18.9% 12.0% 7.4% 9.4%

Annual percent operations (2016) 13.3% 14.9% 15.2% 15.5% 15.4% 15.5% 10.1%

7.6 Complaints and Operations History

We briefly reviewed the flight track history for 2042015 in an attempt to understand the noise
complaint results. Of particular interest are any procedural changes towards the end of 2015 to explain
the dramatic increase in noise complaints fr@@and Arlington.

On March 10, 2011, the LAZIR RNAYV departure serving BWahd 33 was published, defining a route
of flight (north) up the Potomac RivdrAZIR was seldom used in the first four years after its publication
until technical and procedurablutions were found.

NMT #20 near the middle of Arlington is predominantly affected by low altitude RADAR vectoring of
arrivals (east) and departures (west). Straight out departures from DCA B304 (NATIONAL SID) and
instrument approaches to RWYs/18 whichfly in the vicinity of NMT #4 and #5 were the traditional
outbound and inbound approach procedures before 2015. As expected, DNL results for NMT #4 and #5
are similar, since they are nearby across the River from each other. The history showghsbereatic

use of the LAZIR RNAYV through 2010 and 2015. This is because the procedure was poorly designed and
the aiggraﬂ flight management computers (FMC) would incur disconnects, so the air crews would not

use it

The NATIONAL SID is a conventioaalgation departure procedure that has been used at DCA for
more than 20 years. When DCA is in a ndidlw operation using RW&Y01 and 33, pilots on northerly
departures are instructed to comply with a noise abatement procedure by remaining west of the
Georgetown Reservoir, as well as remaining clears Breas.

On April 30, 2015, three new DCA RNAV departures were published for multiple runways, including
RWY¥01 and 33. An additional six new RNAV departures were implemented June 25, 2015,akrving
runways for DCA. This publication brought the total number of northbound RNAV departures serving
RWY¥01 and 33 at DCA to nine. Each of these RNAV departures share the same initial routing for the
respective runway transitions north up the riv&igure7-3, from FAA records, shows the history of
monthly departures from RWY 01/33.

BEAA, Ronald Reagan Washington National Airport (DCA)Nsréigation (RNAV) Norflow Departure Development History
and Analysis, August 17, 2016.
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Figure7-3: Monthly Departures from RWY 01/33 (Jan 2D4Nov 2015)

The number of aircraft events monitored by NMT 6 increased by a significant amount overyearsix
period. This is likely from the following factors:

1 Anincrease ithe volume of aircraft operations over the period, due to extended service areas.

1 Anincrease in use of planes with larger airframes that increase noise, although this is somewhat
ameliorated by the gradual replacement of noisier aircraft with newer awidtgr aircraft. New
generationaircraft A/C have been added to the fleet mix.

f  Weather changes, landifgpmthed a2 dzG KZ ¢ A GK | ANDONI Fd o6SAy3
relocated instrument finals for RWY 19, SETOC, near NMT 7 / 6 from August tdoBe28rb.

A summary of the yearly counts (March 1, 2011 through the end of 2015) is shdwablev-4 below.

Table7-4: Total DCA Departures

Total RWY
Year 01/33 Conventional RNAV
2011 (Mar.g Dec.) 60,957 49,711 11,246
2012 85,091 71,447 13,644
2013 84,312 81,344 2,968
2014 90,410 87,642 2,768
2015 91,403 40,070 51,333
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7.7 Summary andConclusions

The fundamental conclusions regarding complaint records from 2010 through 2015 are:

1T MWAA complaints increasesignificantly in September and October of 2014, and then again in
March of 2015and then drastically increadéor the final two months recorde@ctober and
November of 2015)

9 The primary reason for this increase maythe use ofthe RNAV departure procedures from
DCA whichbring flights close to or ovddCinstead of the traditional NATIONAL SID departure
which led flights directlyvest ofDC

1T MWAA complaint records extend from Jamy 2010 through November 2016onsiderably

more subsequent complaints (i.e., December 2015 and beyond) are expected because: 1) there

wasa very large increase in monthly complaints from the MWAA records, aDERPEE has

received numerous complaints beyond 2015, primarily via email.

MWAA complaint records appear to contain significant gaps, particularly in 2013.

MWAAcomplaint records she that 42percent of all complaints are redundant. This is likely

due to multiplecomplaints from the same party.

1 Monthly DNL records from NMTh DCand Arlington show fairly constant noisgposure during
the 2010¢ 2014 period; DNL iDCincreased irR015 due to the new LAZIR departure
procedure.

= =4

Appendix Bs a summary of all complaint and NMT data.
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8.0 Noise ModelingAnalysis
8.1 Summary

This section provides the results of noise modeling of flights which occurred in 2010 and®@EL B
quantify the diference in aircraft noise levels in the northwest portiorDgi(i.e., Georgetown and
other communities) from flights to and frothe DCA.

Noise modeling was conducted for eight days in 2010 and eight days iR2Z8085to show the

difference in aircraft nise levels as a result of the implementation of the NextGen program at DCA.

The FAAsponsored AEDT Version 2d was used for the noise modeling. This is the only computer

model whose results are accepted by the FAA. Actual flight tracks obtained fromth@BA NJ R NJ R
(i.e., the National Offload Program) were modeled in the AEDT.

Exterior DNL values DG from DCA flyovers, vary from around dBAto 65dBA An analysis of the
flight tracks does show a shift in the northbound Runway 1 departure flight tracks to the east (i.e.,
away from Arlington, Virginia to over the Potomac River). A comparison of the ZRIDENL levels to

the 2010 DNL noise levels showiadrease in noise in and around Georgetown. There was a less than
5 dBAincrease in noise; 8BAis the minimum increase in DNL noise exposure considered significant
by the FAAor areas belowan average annudNLof 60 dBA However, supplemental analysis

other parameters such as time above statistics and number (or frequency) of events may provide
additional and more complete information on the DCA airplane noise exposure issues.

8.2 Modeling Procedure
8.2.1 Data Input

DCprovided the raw radar files for aircitausingthe DCA airport from 2010 to 2016. Tdeefiles were

obtainedF N2Y (GKS C!!1 Q& Dbl idA2ylf hF¥FFE{2FR t NPINIY O6bhto
in 20152016 were selected for noise modeling. The year 2010 was clasiewas the earliesNOP

available andhlso becausethé@ b I G A 2 y I £ $vas Still Bemdufilizeddbylaicraft. The years
20152016were chosenfor the new flight paths becaugbe implementation oNextGen had been

completedby that time.These eight days were selectad representative days by utilizing the

following methodology:

1. Obtaining the prevailing wind direction for every day in 2010 and every day in 2015 and 2016.
The wind data was obtained from the National Weather Service. Airgeaftrallymust land
andtake off into the wind, so the wind direction determines which way an airport operates
(i.e., north flow or south flow). North flow means aircraft land from the south and depart to
the north; south flow means aircraft land from the north and depart to soaith.

2. Select eight weekdays throughout the year representativethefaverage wind conditions at
DCA. Based on the wind analysis, wind comes from the north 60% to 65% of trengear
comes from the south 35% to 40% of the year (depending on the year). For each analysis year,
five days had winds from the north (62.5%) and three days had winds from the south (37.5%).
The selected days are shownTiable8-1.:
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Table8-1: Selected Days for Noise Modeling

Modeled Day Prevailing Wind Direction
Wednesday, January 13, 2010 North
Thursday, March 25, 2010 South
Wednesday, April 28, 2010 North
Wednesday, June 16, 2010 South
Wednesday, July 21, 2010 North
Thursday, August 19, 2010 North
Wednesday, October 20, 2010 South
Tuesday, December 7, 2010 North
Tuesday, July 21, 2015 North
Wednesday, August 19, 2015 North
Thursday, October 9, 2015 South
Thursday, December 10, 2015 North
Wednesday, January 20, 2016 North
Tuesday, March 22, 2016 South
Thursday, April 28, 2016 North
Wednesday, June 1, 2016 South

Note: The datafor Wednesday, April 28, 2018 not included in the noise modeling as
there was significant delayed vectoring and other atypical flight track/operations that day
which is not characteristic of typical conditions at DCA.

3. The validity of the NOP data was then verified for the selected days, the data filtered, and files
LINB LI NBR F2NJ AyLlLdzi Ayid2 GKS C!! Qa !95¢ (G2 Y2RS
radar location records for each aircraft, noting the time, latiéy longitude, altitude (from
transponder transmissions), aircraft identification and other information. The volume of
information is considerable in that radar records are recorded every few seconds on each of
the more than 800 flights per day to and frddCA. After processing the NOP data, a series of
coordinates showing the precise latitude, longitude, altitude, and aircraft identification for
each aircraft was generated for each analysis day, each runway, and each operation type
(arrival or departure).

4. After the NOP data was translated, a computer program was written to translate the
sequence of threalimensional aircraft locations (a vector) into the XML (Extensible Markup
Language) format required for input to the AEDT.

While the AEDT software has numerous bugs, which were submitted to the software authors,
the NOP data was successfully translated into the AEDT to model the noise exposure for 16
days. The flight tracks (from the NOP data), aircraft type, altitude, andrtiee/arrival time

of each flightwere modeled in the AEDT.

Only departures and arrivals north of DCA were modeled, as this is the a#a wiost
affected by the flight path/NextGen airspace changes.

8.3 Data Output

After the noise model for each analysiay was created, a series of calculation outputs were then set up
(i.e., noise metrics). The primary noise metrics modeled include:
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1 DNL:The DNL noise exposure metric integrates the lemdld@uration of noise over a dand
penalizes nighttime noise by HBAto account for increased sensitivity to nighttime noise. DNL
is explained in detail iAppendix A

1 TA The time above level is a metric that summarizes the total amount of time aircraft noise is
above a specified threshold (e.g., 65 anddB#).

1 NA: The number above metric summarizes the number of events (i.e., flyovers) that exceed a
specified threshold.

1 Equivalent Noise Level): The average noise level over a stated period (e.guajwould be
the average noise level during the daytime ®of 7 am to 10 pm.

The calculation outputs are summarizedliable8-2 below:

Table8-2: Calculation Outputs/Noise Metrics

Output/Metric Description

DNL 24-hour average noise level

TAS50 Time above 5@BA

TAS55 Time above 56BA

TAG0 Time above 6@BA

TABS Time above 65BA

TA70 Time above 70BA

NA50 Number of events above SIBA

NAS5 Number of events above TBA

NA60 Number of events above GIBA

NA65 Number of events above GIBA

NA70 Number of events above MBA

Leq(day) Average noise level during the daytime hours
Leg(night) Average noise level during the nighttime hours

All of the ab@e metrics were calculated at Hiscrete location points in the northweBtCenvirons. The
DNLmetric was calculated at the 18cation points as well as over a grid of points spaced 0.1 nautical
miles apart, beginning southwest of DCA and ending northed3CoT his grid calculation allows for the
creation of noise contours (i.e., a series ofs@ozones created by connectingdgpioints of equal noise
level).

The 18ocation points are provided ihable8-3 and shown irFigure8-1.
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Table8-3: Noise Modeling Location Analysis Points

Number [Name/Code Latitude Longitude
1 FOX_CRESC_1 38.92331 -77.0889
2 FOX_CRESC_2 38.91937 -77.0921
3 FOX_CRESC_3 38.92431 -77.0925
4 5063 _SHERIER PL 38.92431 -77.1017
5 2316_BENTON 38.92038 -77.0808
6 2901_M_ST 38.90581 -77.0585
7 DEXTER_ST 38.92553 -77.0889
8 NMT_4 38.92717 -77.1081
9 NMT_6 38.90957 -77.0695
10 NMT_A 38.91143 -77.0886
11 NMT_B 38.91584 -77.0760
12 NMT_C 38.91313 -77.0901
13 NMT_D 38.90991 -77.0752
14 FRENCH_MAT 38.90954 -77.0621
15 4850 RES 38.91667 -77.0976
16 4920 ASHBY 38.92002 -77.0976
17 G_DAY 38.90833 -77.0869
18 GWU_NEW H 38.89994 -77.0528
'f-' \\
’ \\ .“”‘Ti»( CRESC 3 @ R-ST 4 ( \
’ \5‘/‘3 SHERIER ® 70X cresc_t i ny,
4020 ASHBY o

92316 _BENTON
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| NMT_D a7 61 FRENCH_ MAT
\ .G_UAY ® o @ 3
N\ : E 2201 MLST
3 N\
.‘ o-\
4 - GWU_NEW_H
, s
1 | 0 1 2 miles

R

Figure8-1: DCNoise ModelingAnalysisPoints
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8.4 Noise Modeling Results
8.4.1 Operation Data

For the 16 days modeled@able8-4 provides statistical information on the number of arrivals,
departures, aircraft types, etc.

Table8-4: Noise Modeling, Operations Data

Operational Data 2010 20152016
Total Arrivals 943 1430
Total Departures 2241 2394
Top Aircraft Modeled (Percent of Total Operations)

Airbus A319100 Series 17% 11%
Airbus A32€200 Series 3% 5%
Airbus A321200 Series 0% 1%
Boeing 717200 Series 2% 1%
Boeing 737400 Series 4% 0%
Boeing 737700 Series 8% 20%
Boeing 757200 Series 2% 1%
Boeing M[B82 1% 0%
Boeing MB83 1% 0%
Boeing MB90 4% 4%
BombardierChallenger 600 4% 0%
Bombardier CRI00 18% 25%
DeHavilland DH8-100 1% 1%
Dornier 228200 Series 1% 0%
Embraer ERJ145 12% 3%
Embraer ERJ17AR 21% 19%
Embraer ERJ190 1% 9%
Hawker HS742B 1% 0%

8.4.2 Flight Tracks

Flight track graphics for the modeleldys were created to compare the 2010 flight tracks {dextGen)

to the 20152016 flight tracks (podiextGen)Figure8-2 through Figure8-5 show the historic flight

tracks. Note the two heat maps show the density of flight tracks, with the warmer (red) color indicating
a higher concentration of flight tracks (i.e., the majorifytlze planes are flying in the red section of the
heat map).

As shown in the figures, the arrival flight tracks have not chdsgmificantly from 2010 to 20156,
with the exception that there are fewer arrivals over Arlington (directly west of Geongeto

The departure flight tracks show a concentration of departures over the Potomac River 22@035
whereas in 2010 flight tracks were more evenly dispersed over Arlington and the River.
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Note: Warmer (red) colors indicagehigher density of flight tracks.
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8.5 DNL Noise Exposure
8.5.1 DNLContours

Figure8-6 and Figure8-7 present the calculated DNL noise contours for all days modeled in 2010 and
20152016. As noted previously, these contours are based upon the actual flight tracks and aircraft type
flown for the 16 days modeled. The contours presented are the average DNL noise level for the 7 days
modeled in 2010 and the average DNL for the 8 days modeled inZ2llis(i.e., the average annual day
recognized by the FAAJhe results were not includddr Wedneslay, April 28, 2010asit wasfound

that there was significant delayed vectoring and other atypical flight track/operations that day which is
not characteristic of typical conditions at DCA.

Noise contour maps for each operation type were also creathd.tfiree operation types are as
follows:

1 North Flow: Departures to the Nortlarrivals from the South

1 South Flow: Departures to the Soudnrivalsfrom the North

1 Mixed: Each operation type occurred at least 25% of the day (e.g., started with Northridlow a
transitioned to South Flow at some point during the day)

Figure8-9 through Figure8-14 show the various DNL contour maps by operation typshould be

noted that the noise levels shown in the contour maps do not generally correspond well with the

measurement data (both NMT &1 / { 5! Qa Y S| & dzNJBthe mBdelédDdllmorfh Hla®&OA F A O f f
noise levels are similao (or sometimes lower than) thEouth Flow modeled DNL noise levels in

Georgetown; however, the measurement data indicates thatthN&low noise levels are 1 todBA

higher than South Flow noise levdlsis unclear as to the cause of tliiscrepancyhowever it could be

due to the departure and arrival profiles used by the AEDT (mgsiblythe AEDT assumes steeper

takeoffs than actualdifferent thrust settngs, etc). Ultimately, this is an issue that the authors of the

software will need to investigate.

Figure8-8 provides a graphic which shows the diffnce in noise level between 202916 and 2010 for
all areas where the 2018016 noise exposure is at or above DNIdBB\(as the FAA does not consider
noise levels below DNL 4BAto be significant)An important criterion for this assessment is frohet
FAA Order 1050.1F, which defines an environmental noise impact as sh®aol@8-5:

Table8-5: FAA Noise Significance Criteria

Annual AverageDNL Noise LevetBA Significance Criteria
65+ 1.5dBAincrease
60 to 65 3 dBAincrease
45 to 60 5 dBAincrease

D@a O02YYdzyAGASa I'yR DS2NBSG26y f{dBAS 60dBA. THddefor§t 2 ¢ G K
the criterion for significant impact according to the FAA is an increased DNL of at tE&in5an area

where the later DNL (i.e., 2045) aircraft noise exposure is at least@dBA No areas ibCmeet this

5 dBAthreshold.
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8.5.2 DNL at Location Points

Table8-6 summarizes the calculated DNL noise level at @iaations points.

Table8-6: Average DNL Noise Levels at Location PoidBAj

Number [Name/Code 2010 20152016 Delta (201516 minus 201(Q
1 FOX_CRESC_1 54.3 54.2 0.1
2 FOX_CRESC_2 57.2 56.9 -0.3
3 FOX_CRESC_3 55.1 54.7 -0.4
4 5063_SHERIDAN 57.9 57.0 -0.9
5 2316_BENTON 52.7 53.6 0.7
6 2901_M_ST 53.0 55.0 2.0
7 DEXTER_ST 53.3 53.2 -0.1
8 NMT_4 58.2 57.5 -0.7
9 NMT_6 54.8 56.5 1.7
10 NMT_A 59.4 59.4 0.0
11 NMT_B 53.2 54.7 15
12 NMT_C 59.0 59.0 0.0
13 NMT_D 56.7 57.9 1.2
14 FRENCH_MAT 52.0 54.1 2.1
15 4850 RES 58.5 57.6 -0.9
16 4920 ASH 57.5 56.4 -1.1
17 G_DAY 59.5 59.6 0.1
18 GWU_NEW_H 53.0 54.8 1.8

Note: Data from €8-2010 is not averaged into the above DNL values.

Again, i is important to notethat the calculatednoise levelpresented above may not be 100% reliable,
due to the discrepancies found between Nowttrsus South Flow DNL (discussethe previous
section).
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Comparison of Modeling results to MWAA Measurement Data

As a check on the accuracy of the noise modeling, the calculated noise levels were compared to

azl !l Qa y2iras$ Yz2yAiiadcohpadsonisShadiiTyiles-7. RI (1 © ¢ KA
Table8-7: Comparison of AEDT Modeling results to MWAMT Measurement Data
Loc. 8: NMT4 Loc 9: NMT6

MWAA MWAA
Date Measured AEDT Measured AEDT

Aircraft Calculated Difference Aircraft Calculated Difference

DNL,dBA DNL,dBA DNL,dBA DNL,dBA DNL,dBA DNL,dBA
20100113 53.3 57.1 -3.8 49.9 56.3 -6.4
20100325 56.9 57.2 -0.3 52.2 51.6 0.6
20100428 55.7 59.3 -3.6 n/a 57.0 n/a
20100616 55.9 50.1 -3.2 56.8 55.0 1.8
20100721 56.7 58.1 -1.4 56.0 53.7 2.3
20100819 57.3 61.0 -3.7 55.3 55.1 0.2
20101020 58.1 57.0 11 56.0 55.9 0.1
20101207 55.2 56.1 -0.8 53.1 54.4 -1.3
2010 Average Noise Level 56.3 58.4 54.7 55.1
2010 Average Difference -2.0 -0.4
2010 Standard Deviation 1.9 2.9
20150721 58.1 57.4 0.7 58.7 58.7 0.0
20150819 58.4 56.5 2.0 54.8 52.5 2.3
20151009 57.2 58.8 -1.6 56.1 56.8 -0.7
20151210 60.7 57.4 3.3 59.7 54.8 5.0
20160120 56.5 56.5 0.0 57.2 56.4 0.8
20160322 58.4 57.4 1.0 n/a 56.6 n/a
20160428 58.3 57.8 0.5 59.1 59.1 0.0
20160601 59.3 57.9 14 56.3 51.6 4.8
2015/2016 Average Noise Leve 58.5 57.5 57.7 56.5
2015/2016 Average Difference 0.9 1.7
2015/2016 Standard Deviation 1.4 2.3

Note: There are some uncertainties with the 2010 MWAA noise monitor data due to the equipment being used at that time.
n/a signifies MWAA monitor data was not available.

8.7

TALevel

The time that aircraft flyovers are above various noise levels were calculated for both 2010 art2015
We have calculate@Alevels for the three operating conditions at DCA (North Flow, South Flow, and

Mixed).Figure8-15through Figure8-17 show theTA65 dBA contour maps for 201Bigure8-18

through Figure8-20 shows theTA65 dBA contar maps for 2012016.

Unlike the DNL metric, ther@re no formal criteridor TAlevels. However, th®oDhas issued a

document outlining the use of supplemental noise metrics such asAleTel® Per theDoD
document, theTAmetric is useful for describing the noise environment at schools and other noise
R20dzySyd 609t
communication begins to be impacted when background noise levels excetii60

sensitive environments. Further, tHePA a

[ S0t a

wS LJ2 NIi

? DoDNoise Working Grouf.echnical Bulletin: Using Supplemental Noise Metrics and Analysis Deotmber 2009.
%9u.s. Environmental Protection Agenbyformation on Levels of Environmental Noise Requisite to Protect Public Health and

Welfare with an Adequate Margin of SafeBPA Report 550/84-004. March 1974
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Table8-8 provides a summary of Time Above levels at various location points.

Table8-8: Average Time AbovdBALevel at Location Points (minutes)

2010 20152016 Delta (20152016 minus 2010)
Number [Name/Code |50dBA55dBAI60dBA65dBA70dBA50dBA55dBAG0dBAGS5 dBA70dBAS50dBAS55 dBAI60 dBAB5 dBA70dBA
1 FOX_CRESC] 270.9(134.8| 53.9| 9.4 | 1.0 | 322.9/163.8] 63.2| 10.4| 0.0 | 52.0] 29.0] 9.3 | 1.1 | 0.9
2 FOX_CRESC] 344.3[193.4] 90.4 | 30.8 | 4.1 | 414.7{228.1]107.0] 355| 34 | 70.4]| 34.7] 16.5| 48 | -0.6
3 FOX_CRESC] 292.3] 150 | 63.6 | 13.7| 1.3 |350.8(178.6] 72.4| 13.4| 0.1 | 585| 286 88 | -0.3 | -1.3
4 5063 _SHERIJ 355.4| 209.6| 102.8| 33.5| 4.6 | 436.3] 254.9] 118.8| 34.0| 2.6 | 80.9| 453 16.0| 0.4 | -2.0
5 2316 BENTOJ 230.4| 107.6f 36.1 | 4.6 | 0.5 | 280.9]136.8] 50.0| 83 | 0.0 | 50.5| 29.2| 139| 3.6 | -0.5
6 2901_M_ST |240.9]/106.3] 34.3| 7.1 | 0.7 | 305.9]1153.9] 61.0| 20.1| 1.3 | 65.1| 47.6| 26.7| 129 0.7
7 DEXTE_ST |243.5|117.5| 415| 58 | 0.6 |292.6(144.6] 479| 44 | 0.0 | 491| 271| 64 | -1.4 | -0.6
8 NMT_4 361.8| 217 | 110.1] 35.4| 4.8 | 447.0] 269.9] 136.5| 40.9| 4.0 | 85.2]| 52.9| 26.5| 54 | -0.7
9 NMT_6 296.91150.6] 56.1 | 13.5| 1.3 | 355.0/197.8| 85.6 | 28.4| 44 | 58.2| 47.2] 295]| 149 | 3.1
10 |NMTA 394.3| 243.7] 132.2] 52.9 | 10.6 | 466.2| 292.1]| 164.4| 69.4| 14.8] 18.6 | 146 | 123 | 7.3 | 2.7
11 |INMT_B 255 | 116 | 41.8| 6.4 | 0.7 | 309.4150.6] 60.9| 16.3| 0.2 | 71.8]| 48.4] 32.2| 16.5| 4.2
12 INMT.C 387.5| 236.4]| 124.7] 48.3 | 9.0 | 460.8| 284.0] 153.2| 60.6 | 12.9] 54.4| 34.6 ] 19.2]| 9.9 | -0.6
13 |NMTD 342.71191.6] 84.9| 26.7 | 3.4 |401.4|237.8|118.8| 42.2| 85 | 73.2| 47.6 | 28.6 | 12.3| 3.8
14 |FRERH_MAT] 219.5) 89.3 | 27.5] 45 | 0.5 |278.7)130.2f 49.9| 14.7| 0.2 | 58.7| 46.1 | 340 155| 5.1

8.8

Number of Events Above

Thenumber of flyover events above a predetermined threshold walsulated for both 2010 and 2015
16. We have calculatedAcountsfor the three operating conditions at DCA (North Flow, South Flow,
and Mixed) Figure8-21throughFigure8-23 show theNA65 dBAcontour maps for 201(Figure8-24
through Figure8-26 shows theNAcontour maps for 2012016.

Note thereare no formal criteriaunlike the DNL metric, fo&dA counts Howeverpased on thédoD
supplemental metric document, the NA metric allows the public to easily relate the NA metric to their
everyday experience and more easily understamangyes to their noise environment. The use of the
NA-65 metric (i.e., the number of events above @34 allows the quantification of the number of times
per day speech may be interrupted outdoors.
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The number of events (flyovers) above various noise levels were calctdateoth 2010 and 20186
at 14 different location points. The average number of events above level for each year is presented in
Table8-9.

Table8-9: Average Number of Events AbodBALevel at Location Points

2010 20152016 Delta (20152016 minus 2010)

Number [Name/Code |50dBA55dBA60dBA6G5dBA70dBA50dBAS55dBA60dBAB5S dBA70dBA50dBAS5dBA60dBAG5dBA70dBA

1 FOX_CRES1]| 347.3] 268.9] 199.5| 72.0 | 8.6 | 387.6{310.8|225.4] 88.6 | 0.3 | 40.4| 419 | 259 | 16.6 | -8.4
2 FOX_BESC_J] 358.6| 344.6] 278.3]| 180.8| 47.0 | 410.1| 394.9| 311.6]| 205.0] 53.4| 51.5| 50.3 | 33.4 | 243 | 6.4
3 FOX_CRESC] 352.9| 301.4| 218.5| 102.3| 12.8 | 402.1| 331.4| 253.5|104.4] 1.1 | 49.3| 30.0| 35.0| 2.1 |-11.6
4 5063 SHERII 359.8( 350.6( 320.5| 204.8| 50.9 | 410.6] 407.1| 367.0( 204.1| 40.3 | 50.9 | 56.5| 46.5| -0.6 | -10.6
5 2316_BENTQ 320.4| 230.8( 155.0] 33.0 | 3.1 | 369.4| 295.6]/ 192.6f 78.3| 0.0 | 49.0]| 64.9]| 37.6 | 453 | -3.1
6 2901 _M_ST | 346.3| 277.0( 146.9] 56.3 | 5.0 | 409.6| 383.0| 237.8( 130.9| 26.3 | 63.4 | 106.0] 90.9 | 74.6 | 21.3
7 DEXTER_ST| 331.6] 245.3| 172.8| 43.1 | 4.6 | 365.9(/290.9|201.9] 58.9| 0.0 | 34.3| 456 | 29.1 | 158 | -4.6
8 NMT_4 360.1]| 353.0 333.0| 221.5| 48.3 | 410.8| 408.6| 394.6] 257.5| 54.9| 50.6 | 55.6 | 61.6 | 36.0 | 6.6
9 NMT_6 356.6| 321.3| 220.6| 87.0 | 10.8 | 410.3| 404.3] 336.1]| 158.1| 60.4 | 53.6 | 83.0 | 115.5| 71.1 | 49.6
10 [NMT_A 361.0| 359.6| 351.1| 273.8| 113.6] 410.9{ 409.5| 406.6| 363.4| 150.6] 49.9 | 49.9 | 55.5 | 89.6 | 37.0
11 NMT_B 346.9] 257.9] 163.1| 53.5| 5.4 | 404.9] 345.4]|239.8|134.5| 7.5 | 58.0| 87.5| 76.6 | 81.0| 2.1
12 NMT_C 361.0| 358.5| 345.6| 253.4| 98.6 | 410.8] 409.3]| 402.6] 324.8| 132.9] 49.8 | 50.8 | 57.0 | 71.4 | 34.3
13 [NMT_D 360.3]| 346.1| 283.1| 160.5| 38.8 | 410.8{ 408.1] 385.9] 243.0] 99.3 | 50.5 | 62.0 | 102.8| 82.5 | 60.5
14 |[FRENCH_MA 340.3] 243.3] 128.3] 44.1 | 3.5 | 408.1| 351.9|206.8{ 119.6] 5.4 | 67.9]108.6] 78.5| 755| 1.9

8.9 Equivalent Day and Night Levels

To show the difference in aircraft noise level between daytime and nighttime, the average daytime
equivalent levels (4qay) and nighttime equivalent levelse(laigny) Were calculatedor both 2010 and
201516. Hgures 827 through 832 show the 2010 (y@ay) and (kqpighy), S€parated by flow typdzigures
8-33 through 838 show the 201516 (leqay) @and (kqnight), also separated by flow type
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Tables3-10 and8-11 summarize the resule the 18different location points

Table8-10: Average EquivalenDaytime Levels gyay)

Number |Name/Code 2010 20152016 Delta (201516 minus 201(Q
1 FOX_CRESC_1 53.5 54.1 06
2 FOX_CRESC_2 56.3 57.0 0.7
3 FOX_CRESC_3 54.2 54.7 05
5 5063_SHERIDAN 56.7 57.1 04
5 2316_BENTON 52.0 53.3 13
6 2901_M_ST 52.4 54.7 2.3
7 DEXTER_ST 52.5 53.1 0.6
8 NMT_4 57.0 57.7 0.7
9 NMT_6 54.2 56.2 2.0
10 NMT_A 58.4 59.4 1.0
11 NMT_B 52.7 54.4 1.7
12 NMT_C 58.0 59.0 1.0
13 NMT_D 56.1 57.7 16
14 FRENCH_MAT 51.6 53.8 2.2
15 4850 _RES 58.1 58.9 0.8
16 4920 _ASHBY 57.4 58.0 0.6
17 G_DAY 59.3 60.1 0.8
18 GWU_NEW_H 54.4 56.8 2.4

Note: The data for Wednesday, April 28, 20i0not included in the noise modeling as there was significant delayed vectoring
and other atypical flight track/operations that day which is nbaracteristic of typical conditions at DCA.

Table8-11: Average Equivalent Nighttime Levels {kight

Number |Name/Code 2010 20152016 Delta (201516 minus 201(Q
1 FOX_CRESC_1 44.0 44.7 07
2 FOX_CRESC_2 47.3 47.1 -0.2
3 FOX_CRESC_3 45.0 45.0 0.0
4 5063_SHERIDAN 48.2 46.8 -1.4
5 2316 _BENTON 42.2 44.2 2.0
6 2901_M_ST 42.4 45.8 34
7 DEXTER_ST 43.0 43.7 0.7
8 NMT_4 48.6 47.0 -1.6
9 NMT_6 44.4 47.1 2.7

10 NMT_A 49.7 49.5 -0.2
11 NMT_B 42.8 454 2.6
12 NMT_C 49.3 49.1 -0.2
13 NMT_D 46.6 48.3 17
14 FRENCH_MAT 41.4 44.9 35
15 4850 RES 50.3 48.9 -1.4
16 4920 _ASHBY 49.2 47.9 -1.3
17 G_DAY 51.4 50.3 -1.1
18 GWU_NEW _H 44.9 47.8 2.9

Note: The data for Wednesday, April 28, 200not included irthe noise modeling as there was significant delayed vectoring
and other atypical flight track/operations that day which is not characteristic of typical conditions at DCA.

Again, i is important to notethat the calculatednoise levelgpresented above magot be 100% reliable,
due to the discrepancies found between North versus South Flow DNL (discussed in&4ction
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Conclusions and Recommendations

9.1 Conclusions

The following are the basic findings from our investigations:

il

The DCA 2004 Part 150 stuggommended the relocation of the north departure route east to

be aligned with the center dhe Potomac Rivel. Y H n n 'y SRONGt e Faut 15Oxsidy
RAAIEE26SR GKS AYLX SYSyll A2y 2F GKAa&a a20SNJ (K
(Order 7100.9D and 8260.44A) stipulate that new procedures can only be developed to enhance

safety or efficiency (and not be solely for noise abatement).

Revew of the CATEX filed by the FAA to quatie/LAZIR routénproperlyemployedan FAA

Order 1050.1E exclusiofK S /! ¢9.- FAf SR o6& GKS cCc!! G2 ljdza tAF
Establishment of new procedures that routinely route aircraft over-no S a Sy aiA G A @S | NX
gFa AYLINRPLISNI 6SOIFdzaS [! %Lw NRdziSR | ANODN} Fi& 2@S
C!'! y2Aas8 Y2RStAy3a NBadzZ# G4a Ay uwnmn AYRAOFGSR

(more than DNL 8BA) increase in noise exposure over the Nationalllda the east side of the
Potomac River to include Hains Point, the Tidal Basin, the Jefferson and Lincoln Memorials, and
many other memorials, as well as large increases for the historic communile3(sae Figure

4-3). Noise modeling results indicated an increase in noise exposurebd@¥&mmunities.

The environmentateviewof the LAZIR route was inadequate in that it did not conform to NEPA
NHPA, Seion 4(f), orFAAOrder 1050.1E requirements.

The environmental process to establish the n2®d3 Metroplexroutes failed to develop or

present noise contours or noise zones over the newly affected areas.

The FAA failed ttully disclose the2013 Metroplexnoise assessment results of the NIRS
modeling.

There was adilure to comply with FAA Order 1050.1E NEPA, NHPA, and Section #{f)

assess the effects of the new LAZIR routdigtoric neighborhoods, national historic

landmarks, national parks, amdonuments on the east side tfe Potomac River.

b2aAaS Y2RSftAy3 YR a2!! Qa y2AaacoMigmédan2 NAy3 (SN
eastward shifiof the DCA airplane noise environment.

Noise measurements conducted in three Georgetown schools indithtedhe ANSI classroom
acoustical standards were exceeded on numerous occasions; based on the currently available
research, excessive aircraft noise impacts student learning and achievement. Although not
measured, we would expect there to be exceedandestlaer GeorgetowrPalisadesrea

schools.

Nighttime aircraft noise levels inside of northwest DC residences are higher enough to awaken
between 12 to 33% of the population.

Approximately 400 flights per day from DCA produce noise levels in northwestibiCisvat or
above 65 dBA, the level at which speech communication begins to be impaired.

Noise measurements and analysis indicated that North Flow (departure) noise is significantly
louder than South Flow (arrival) noise, and North Flow noise is the prideerminant of the
overall DNL noise level.
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9.2 Recommendations
9.2.1 New Procedures or Alternate Procedures

We recommend consideration of the following ATC alternatives:

1 Alternative #1¢ Amend Runway transition tradr Runway91/33: Figure9-1 showstwo
alternativedeparture pattsas well as the existing RWY 01 departure pttbhse alternatives
paths are similar to the NATIONAL SID trablese two proposed flight paths wepeesentedby
DCF YR GKS C! ! RWROLANBatiESNMSRK S 5/ LINRLRalt | yR
2t odp !t GSNYI (KXh@BCEpoposdbviakdfed byxh® BAA&ND presentey DC
representatives from Ward2 and 3 to the DCA Working Group in 2016; the FAA proposal was
presented to the DCA Working Group in May of 2017.

For the DC proposal, the current coded RNAYV route for RWY 04 GPAFB) which would be
retained. The ADAXE waypoint would be relocatethe west side of the Key Bridge,-38-
13.03N / 07705-10.25W. At the migspan of the 14th Street Bridge (or earlier if feasible),
aircraft would turn northwest to a new heading of 308 (True Course)/317 (Magnetic Course)
away from P56 to the new ADAXEaypoint. After this, aircraft would head to BEBLE, and then
north to the COVTO waypoint joining the remaining common route.

The change in flight track would give greater avoidance freb6 Bnd predictability for
compliance. The relocation of waypoints wd also return the flight track back to the western
shoreline anctlosely mimiche NATIONRL SID (conventional) track.

The FAA proposal is similar to the DC proposal, exbeppADAXE waypoint is relocatedNorth
Rossyl(WP 395) near the river.

An analysis of expected noise reduction has been conducted using the AEDT noise model. The
results of this analysis at the select®Blocation points areshown inTable9-1. In general,

noise reduction of up t®NL2.3 dBAis expected witlthe DC proposal and up to 1.5 dBA with

the FAA proposdthis assumes no change in fleet mix, total number of aircraft dfmers, etc.)

NOTEPrototype development of this alternative, or any variation of waypoints / track, should

0S 02y RdzOGSR ¢gAGK GKS C!'! 6t2G2YFO ¢w!/hb0OX Ay
for open and full disclosure.
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Table9-1: DNL Noise Reduction from Runwag Alternative Departure Route

Location Latitude Longitude Noise Reduction w/ Noise Reduction w/

No. Location (deg) (deg) DC Alternative (dBA) FAA Alternative (dBA
1 FOX_CRESC_1 38.92331 -77.0889 1.0 0.5
2 FOX_CRESC_2 38.91937 -77.0921 0.8 0.4
3 FOX_CRESC_3 38.92431 -77.0925 0.8 0.4
4 5063 _SHERIDAM 38.92431 -77.1017 0.3 0.1
5 2316_BENTON  38.92038 -77.0808 1.4 0.9
6 2901_M_ST 38.90581 -77.0585 2.3 1.3
7 DEXTER_ST 38.92553 -77.0889 0.9 0.5
8 NMT_4 38.92717 -77.1081 0.1 -0.1
9 NMT_6 38.90957 -77.0695 2.3 15
10 NMT_A 38.91143 -77.0886 0.5 0.4
11 NMT_B 38.91584 -77.076 1.7 1.1
12 NMT_C 38.91313 -77.0901 0.5 0.5
13 NMT_D 38.90991 -77.0752 1.9 1.2
14 FRENCH_MAT  38.90954 -77.0621 2.2 1.2
15 4850_RES 38.91667 -77.0976 0.1 0.1
16 4920_ASHBY 38.92002 -77.0976 0.2 0.1
17 G_DAY 38.90833 -77.0869 0.2 0.2
18 GWU_NEW_H 38.89994 -77.0528 2.4 1.1
AVERAGE NOISE REDUCTION 1.0 0.5

1 Alternative #2¢ TOP Altitude: Raising the TOP Altitude of northbound RNAV departures from
DCA from B00 feet to at least 800 feet (or higher) would enhance initial fuel burn and reduce
emission andhoise impacts over the flight track asaatbound RNAV departures from BWI have
a minimum TOP Altitude of 14,00Redtcing the probability of levebffs would give an
improved climb profile with predictable altitudes. A test of - @®-300 series showed thahe
difference between a continuous climb tg060 feet and one with a level step at 3,000 feet for
two minutes is an extra production of 34ddgramsof CQ. (British Airways, www.nats.co.uk.)

1 Alternative #3¢ Crossing Altitudes: An added feature titefnative # 2 would be the addition of
GolelLR2Ayld ONRaaiaAy3a ftdAdGdzRSa¢ FyR OKFy3aS 2F &
lf GAGdZRSE 'y 2LIWGAYAT SR OfAYO0 LINRBFAES O2dzZ R 6S
those communities alignewgith the Potomac River throughout the full departure flight track.

L.

A similar request was made at the November 3, 2016, MWAA Community Work Group meeting

YR &6l & ARSYUGATFASR I acCtaavd O YIISNIRdzZNG2'31¢ O X NJIb (2 NILI
2016 Annual Acraft Noise Report, page 31, shows that almost a year later the status of

GwS 02 YYS Yy RILISY yWowdyadiar Mtar.

1 Alternative #4¢ Amend Runway usage: TB&Gshould seek clarification from MWAA as to the
a02LIS YR AyuSyd 27F (KZEAMSEG wHA KEG ICYaving NRISINI ty NB
departures use Runway 01, prior to 7 am (wind calm), departing north for approximately ten
Pagel38of 150
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miles, then turning southw& for another ten to twenty miles is not efficient. The same

RSLI NIlidzZNBE O2dz R KI @S RSLI NISR wdzygl & mpz aidz2 3
Lyl O02aGA1 wWAGSNEE F2N ay2rAasS FoldaSYySyide yR Tt
The balancing of departure rway usage, by ATC, should also be part of this alternative with
MWAA oversight. When the prevailing wind is less than five knots, during Nighttime hours,
G{2dzi K Cft26¢ 2NI I o0lflyOS 2F b2NIKRrficBlcdzi K Cf 2 4
(SOP) for thairport.! Ay 3 GKAA&A at NEBFSNBYGAFE wdzysgl &é dzal 3
DNL reduction of 1 to 8BA for communities ilDC This alternative can be completed in the

near term because it does not require any change in instrument procedures.

Altemative #5¢ Low Altitude ‘ectoring to final Vectoring to the RIVER VISUAL RWY 19 (GREYZ2),

inside of the DCA 10 DME, should not be the standard arrival rout@od&t Operating Policy
(SOP)Lowaltitude 2n n g3 nn Q0 @S OG0 2 NR vy 3 ppaLB and Gmdstartt tfirustizy & G I 0
adjustments, which creates noise and added emissions over noise sensitive residential areas,

while negating the benefits of RNAWtinized Profile Descent (OPDis issue was also

mentioned as an action item in the D@Art 150, 2004.

Alternative #6¢ Airport Terminal Information Service (AJIATIS is aontinuous broadcast of

aeronautical information for a specific airport and is used as a briefing tool for the airlines and

aircrews to use in flight plannin@.he ATIS brakast information such as weather, runway

usage, instrument approaches in use, and special notesmdtruction or taxiway usagerior

to contacting the air traffic control tower or radar facility, pilots have information, which will

reduce controller wekload and radio communication. The recorded information is updated

usually five minutes before the hour or as significant change (weather) affects the airport and is
ARSYUAFTFASR o0& | yS¢ It LKIF £S0dGdSN dhatthepildt ¢ KA & |
has current information.

The same issues addressed in Alternatidshould ke applied to arrival trafficThe DC

Metroplex established new RNAV STARs to the airpam the north, FRDMM and TRUBSth

of these procedures contain a descent profile knowi©& The OPD utilizes thability of the
aircraft descent fronhigh altitude using the fully automated eopard Fight Management

System (FMSBoth of these arrivals are connected to the RNAVRIRRIWY 19 Instrument
Approach Procedure (IAP) that provides guidance during most / low weather conditions to the
runway, versus the River VISUAL.

This method of arrival is preferential to the airlines (all hayusing ATIS) and provides foe
reduction of operational cost, controller / cockpit workload, communication, naisel
emissions. This alternative can be completethmshortterm.

The continued primary use of vectoring, RIVER VISUAL, negates the FAA and industry investment
while increasinghe envirmmental impact orDC The same methodology can be applied to
arrival aircraft from the south.

Alternative #7¢ Reduce the number of RNAV SiReduce the number of RNAV SIDs
(northbound)with transitions from Runways 01 / 33 / Oom nine down to two (west / east).

Pagel39o0f 150
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This alternative can be achieved, short term, through the MVA¥Gworking in collaboration
with the FAA, Potomac TRACON and Industry (airline representafiteswill providea

common and predictable transition Iégr all departuresandwill likely result in some noise
reduction at theNational Mall, Tidal Basiflains PointGeorgetown, and Northwest DThis
action will reduce publication maintenance costs throughout the procedural line of business,
reduce ATC wrkload and automation demands, while offering relief to the surrounding areas
and reducing operating cost to Industry.

The FAA issues arrival and departure procedures for compliance with the region's prohibited airspace
restrictions. However, the operatnal hours and philosophies of MWAA and the FAA have not included
proactivenoise abatement (voluntary) or noise mitigation programs for the surrounding noise sensitive
communities. Instead, they have relocated air traffic from commercial Arlington, MirgirDCusing

only predicted model noise levels.

The relocation of air traffic procedural tracks that route flights over noise sensitive residential areas and
publicly owned parks, and recreational areas, as well laistoric site of national signifinae, appears to

have taken place without appropriate environmental review procedureseqgired by FAA Order

1050.1E concerning the use of publicly owned land, national parks and recreation areas, as well as
historic districts, national landmarks, andtizaal monuments

9.2.2 Airport/ FAA Work Groups

a2! !l OdNNByiGfe aLkRyazNa I O2ff I o2hdrisedodFR\AG/ 2YYdzy A
industry, and agbining / surroundng community representativeé\fter a review of historic meeting
minutes,presentations, and summaries, it appears that major role player for technical expertise is the

FAA. Because of thisy &AAbias would always be an issue or draw back that would not best serve the

CWGin its deliberation of technical (procedural) propos&d®VAAshould consider the support of an
AYRSLISYRSy(G a{dzaSOG al (dSNJ -6aff hdSentinical soppat@oih® ¢ KA & {
Work Group as needed.

MWAA sponsors monthly meetings of tA&VG A review of several meeting summaries reveals tha
O2YYdzyAlé NBLNBaSyiuldAgSa KIS YIRS Ylyeg awSO2YYS
FAA hasaken final actioron only one of those recommendations regarding moving southern

departures away from Old Town Alexandria. Some recommendatiorss étaty C! ! t . b G2 NJ A Y.
kickoff is expected by early fall 2017 and will include local community outreach. A procedure publication
goalis 184 n Y 2 yhiskcadukd be problem solved, short term, by working with Potomac TRACON.

9.2.3 MWAA/ Consultant / &£A (NewPart 150

The last 14 CHRart 150Noise Compatibility Study was submitted, by MWAA, to the FAA in 2004. While
E/Aswere done relative to the Runway Safety Areas §R3Hey did not assess the full impacts of

changes brought about by air traffic changes over the last ten years and their impacts on the noise
ASYaArAdGAdS bliaA2ylt tIFN]laz blrdAz2zylt az2ydzyYSyida I yR

In the regad, MWAA should collaborate with the Airports Division (FAA) on conducting a new land use
compatibility study as outlined in 14 CPRrt 15& ! LILISY RAE | @ ¢tKAA OlA2y 62
awareness and dedication to solving and /or lessening, of the impéeiscraft noise on the

surrounding communities.
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Changes to the DCA airport operations have become an increasing burd@®@aoil national parks

along the eastern river shoreline. Residents have reported a moderate to heavy increase in aviation
generaBR y2AaSo CdzNI KSNJ FNHzA GNI GA2Yy KI &dza SNI 27 NASSH/SRE f &
complaint reporting system. A noise analysis showing an increaséBAi8 the 60dBAto 65dBA

contour should be grounds for mitigation of noise plannigAA Order 1050.1F, §11.6)

DCrepresentatives to the DCBWG should consider joining with other members of the group in all
efforts needed to assist MWAA in successful completion of an updatedAaatv150Study. Current
issues regarding airport andreraft noise impacts could be explored and resolved though their pro
active participation and provide guidance and protection for at least five years of airport future
planning.

9.2.4 Noise Mitigation

As described in the preceding issues an airport noise sisatan provide the information need as to the
source and solution. Each runway should be evaluated independently for noise sources / impacts on and
off the airport. (FAA Orders 1050.11, 8400.9, 7050.1A)

The FAA and aircraft operators may mbwvaysadhele to noise mitigon measures set forth by MWAA
RdzS G2 GNIXYFTFAO FYR 6SIFGKSNI O2yRAGAZ2Ya® ¢tKS &a02LJS
guantified andclarified for compliance by all user stakeholders.

MWAA generates a quarterly report thdisplays flight tracks and attempts to disclose and inform the
public of efforts to monitor compliance with the purported noise abatement procedures atitpert.
Utilizing the vast sorting and arranging of records that ANOMS has, acoioglete compilation of data
can be made available, e.gumber of departures per runwayf.heCWGshould ask for meaningful data
relevant to those residents north and south of thieport.
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Appendix Ac Acoustic Properties, Perception, Noise Measures,thts and
Day-Night Average Sound Level (DNL)

Airborne sound is a rapid fluctuation of air pressure and local air velocity. Sound leveksaaered and
expressed in decibels (dB) with 0 dB roughly equal to the threshdidaring.

Because we perceive both the level and frequency of sound in dimear way, the decibedcale is used to
describe sound levels. The frequency scale is also measured in logaiitraoents. Decibels,
measuring sound energy, combine logarithmicallgoMbling ofsound energy (for instance, from two
identical automobiles passing simultaneously) creat&sdB increase (i.e., the resultant sound level is
the sound level from a single passimgtomobile plus 3 dB); a doubling of sound energy is not
perceived as twice as loud. The rules for decibel addition are:

If two sound levels are within 1 dB of each other, their sum ishtpbest value plus 3 dB.

If two sound levels are within 2 to 4 dB of each other, their sum is the highest value plus 2 dB.
If two sound levels are within 5 to 9 dB of each other, their sum is the highest value plus 1 dB.
If two sound levels are greater than 9 dB apart, the contribution of the lower value is negligible
and the sum is simply the higher value.

=A =4 =4 =9

The human ear caperceive a tremendous frequency range (about 20 Hz to 12 kHz) and a range of
acoustic energy from the threshold of hearing to a loud rock concert (about O dB to 120 dB).

The frequency of a sound is a measure of the pressure fluctuations per second edeasumits of hertz
(Hz). Most sounds do not consist of a single frequency, but are compriserofid band of
frequencies differing in level. The characterization of sound Ienaginitude with respect to
frequency is the sound spectrum. A sound spettia oftendescribed in octave bands which divide the
audible human frequency range (i.e., from 2AH500 Hz) into segments.

Sound has the proptes of both waves and fluidVave properties include diffraction, or bending,
around structures or otherduriers, frequency variable absorption in the air and on materials, and phase
effects at specific frequencies amplifying and attenuating sound with the geometry of the surroundings.

{2dzy R LINBLJ I G4S& Fdzy RIFIYSydl ffe WLitenbatiol& (uddery SNBS &l
special circumstances) amplification from other factors. The inverse square law states that the intensity

of a physical quantity attenuates at a rate proportional to the square of the distance from the source. A
common descriptiomf the inverse square law is the spreading of water waves emanating for a pebble

dropped into a pond. Applying the logarithmic scale for decibels used in acoustics, a point source

following the inverse square law attenuates 6 dB per distance doubling.

Air absorption further attenuates sound rapidly reducing higher frequency sound above 500 Hz. Natural
and manmade barriers further attenuate, or reduce, sound propagation through diffraction, or bending.
As with absorption in the atmosphere or by localtigres, higher frequency sound is more rapidly
attenuated. Wind also moderately amplifies sound downwind and attenuates it upwind. Certain
atmospheric conditions such as temperature inversion and wind shear also have significant diffraction
effects whichtend to focus sound areas while attenuating it in others.
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Therefore, sound levels are expected to vary from moment to moment, hour to hour, and day to day.
The greater the distance from the sound source, the greater the variation in measurement regults o
time.

Noise is simply unwanted sound, and therefore depends on the attitude of the listener as well as the
level and character of the souffd Three aspects of community noise are important in determining
subjective respons&

1 Level (i.e., magnitude doudness) of the sound.
1 The frequency composition or spectrum of the sound.
i The variation in sound level with time.

Many rating methods exist to analyze sound of different spectra and duration. The simplest method is
generally used so that measurements may be made and noise impacts readily assessbdsirsing
acoustical instrumentation. This method evaluates all fextgies by using a singheighting filter that
progressively demphasizes frequency components below 1000 Hzadade 5000 HZThisweighting is
called Aweighting and is applied by an electrical filter in all U.S. iatefnational standard sound
levelmeters.

Noise exposure is a measure of noise over a period of time, whereas noise level is wadirglat an
instant in time. Although a single sound level may adequately des@obenunity noise at any
instant in time, community noise levels vary continuously. Mosimunity noise is produced by many
distant noise sources which produce a relativaady background noise having no identifiable source.
These distant sources changedually throughout the day and include traffic, wind in trees, and distant
industrialactivities. Superimposed on this slowly varying background is a succession of identifisdle
events of brief duration. These include nearby activities such as s®lgicle passbys aircraft flyovers which
cause the community noise level to vary from instant to instant.

A single number called the equivalent sound levelgislused to describe noise varyimger a period. The

Leqis the average noise exposuexél over a period@.e., the total sound energy divided by the duration). It

is the constant sound level which would contain the same acoustic energy as the varying sound level, during
the same timegperiod. The l4is useful in describing noise over aipdrwith a single numericahlue.

Discrete short duration transient noise events, such as aircraft flyovers, may be desciied haximum A
weighted noise level or by theSound Exposurelevel (SEL). TI®EL value is the preferred descriptor
becausameasured results may be more reliabdpeated and because the duration of the transient event is
incorporated into the measurghereby better relating to subjective response). Maximum levels of transient
events varnwith instantaneous propagation conditions while a total energy measure, like SEL, stabtee

The SEL of a transient event is a measure of the acoustic energy normalized to a constant duration of one
second.

31 American National Standards InstitueNSI/ANSASA S12:9005, Part 4, Quantities andd®edures for Description and
measurement of Environmental SounBart 4: NoisAssessmenand Prediction of Lonterm Community Response

3 Department of Defense Noise Working Grotipchnical Bulletin: Using Supplemental Noise Metrics and Analysis Tools
December 2009.
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SEL values may be summed on an energg tiasbmpute Ly values over any period. This is useful in

modeling noise in areas exposed to numerous transient noise egerus,as communities around airports

or shooting ranges. Hourlylvalues are called Hourly Noise Le\(ets, HNL values).

In determining the daily measure of community noise, it is important to account fadifference in human
response to daytime and nighttime noise. During the nighttiexéerior background noise levels are
generally lower than in the daytime. Most householise also decreases at night, and exterior noise
intrusions become more noticeable. People are more sensitive to noise at night than during other periods of
the day.

Dayy A AKG | @SN IS az2dzyR t S@St 65b[ ¢ A& rnvibdnedaft & y2A.
Protection Agency (EPA) and also the only standard used by the FAA and every other government

agencyfor community noise annoyanc#.is applied for aircraft noise, highway noise, industrial noise

and all other noise sources assessed underNational Bvironmental Policy Act (NEPAhe DNL is

also the only noise metric for which there is a scientific and comprehensive assessment of the degree of
community noise annoyance.

DNL was adopted as the noise standard by the*RA974 after extasive compilation of
psychoacoustic research, principally by Theodateufz, Bolt Beranek & Newmalt.was found to

agree more closely than many other noise metrics in adverse response to transportaisenDigL

sums the Aweighted over a continuous 2dour period after biasing nighttime noise (10:00 pm to 7:00
am) to account for increased sensitivib noise during this periodNumerically, DNL is expressed as a
daily average by dividing the 2¥ur weighted sum by the duration of the day; thus, a ruim DNL
value may be compared to typical measured noise levels.

The DNL metric represents a compromise between 1) many subjective factors affecting noise
annoyance, and 2) the ability to feasibility messand comprehend the measur&coustic properties
such as sharpness, fluctuation strength, roughness, impulsiveness, and tonality are not specifically
incorporated into the measure. Incorporating these factors requires detailed spectral analyses, very
rapid measurement, and detailed computer processomgeach noise eventiowever, theDNL metric is
oft criticized.Government interagencies have formed committees three times to review and ashess t
validity of the DNL metridzollowing is a brief discussion of those activities.

In 1979, the Federadhteragency Committee on Urban Noise (FICUN) was formed to develop Federal

policy and guidance onnois€e.KS CL/ ! b A&adzSR Ad& NBLR2NISXZ aDdzA RSt A
t £ FyyAy3a ¥ yuie 108D \statiNtiiatstandard residential constion was compatible for

noiseexposure up to a DNL of 65 dBie FAA has adopted the 65 dB standard as the basis for mitigating

noise exposure to residents around airports; specifically, some homes may be eligible for sound

insulation under the FAR ParfbQd program.

In 1991, the FAA and EPA initiated the Federal Interagency Committee on Noise (FICON) to review
technical and policy issues related to assessment of noise impacts around &ip@vith respect to

%3 U.S. Environmental Protection Agenbyormation on Levels of Environmental Noise Requisite to Protect Public Health and
Welfare with an Adequate Margin of SafeBPA Report 550/84-004. March 1974.

3 Federal Interagency Committee omdadn Noise. (1980, Juné3uidelines for Considering Noise in Land Use Planning and
Control
3 Federal Interagency Committee on Noise. (1992, Augkstjeral Agency Review of Selected Airport Noise Analysis Issues.
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DNL, the FICON found that there are no newaltors or metrics of sufficient scientific standing to
substitute for the present DNL cumulative noise exposure metric. It further recommended continuing
the use of the DNL metric as the principal means for describingt®ngnoise exposure of civahd

military aircraft operations. The FICON conducted several studies including a reassessment of the
original noise annoyance curve. This is shown in Figdre A
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Figure Al: Comparison of logistic fits to original 161 data points of Schultz (1948 USAF analysis
with 400 points (data provided by USAF Armstrong Laboratory).

In 1993, theFederal Interagency Committee on Aviation Noise (FICAN) was formed based on the FICON
report's policy recommendation to form a standard interagency committeddoilitating research on
methodology development and on the impact of aircraft noise. The FICAN recommended that FAA and
other Federal agencies use the yearly-tiégyht average sound level metric as the primary measure of
noise impacts on people and landes. This cumulative metric is the Federal standard because it:

1 Correlates well with the results of attitudinal surveys of residential noise impact;

1 Increases with the duration of noise events, which is important to people's reaction;

1 Considers the numbesf noise events of the full 24 hours in a day, which also is important to
people's reaction;

1 Considers the increased sensitivity to noise at night by includingdB Irighttime penalty
between 10:00 p.m. and 7:00 a.m. to compensate for sleep disturbamdether effects;

1 Allows composite measurements of all sources of community noise; and

1 Allows quantitative comparison of noise from various sources with a community.

All three committees were comprised of members from various government agencies indleliBg A,

FAA, HUD, DOD, VA, DOT, and NASA. Each of these federal organizations employs the DNL metric
exclusively for assessing compatible land use and in assessing community noise annoyance.
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