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95%	equipage 60%-70%	equipage
Crew	Training	Requirements

100%	equipage
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RNAV Track Concentration

Image	Source:	Massport Source:	ASDE-X
8	days		in	2015

Departures	in	blue
Arrivals	in	green
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• Collect Data and Evaluate Baseline Conditions
– Pre and Post RNAV

• Identify current procedures which appear to have community noise 
benefit

• Determine Technical and Operational Limitations
– Aircraft Performance
– Navigation and Flight Management (FMS)
– Flight Crew Workload
– Safety
– Procedure Design
– Air Traffic Control Workload

• Identify Candidate Procedure Modifications
• Block 1/Block 2

• Model Noise Impact
– Standard and Supplemental Metrics

• Evaluate Implementation Barriers
• Recommend Procedural Modifications to Massport and FAA
• Repeat for Block 2
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Technical Approach



Noise Modeling Background
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ICAT Two Approaches to Noise Modeling
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Aviation Environmental Design 
Tool (AEDT)

Aircraft NOise Prediction 
Program (ANOPP v1)

• Current industry standard model to evaluate 
aircraft noise impacts

• Noise-Power-Distance (NPD) based 
computations 
– Interpolation from flight test data 

• Assumes engine noise dominates 
aerodynamic noise on approach
– Effects of configuration and speed not 

captured
– Simple directivity assumptions

• NASA-developed software incorporating 
physics-based methods

• Computes far-field engine and airframe noise at 
an observer grid given various flight profile and 
configuration metrics
– Semi-empirical calculations require 

detailed engine/aircraft performance 
inputs
• e.g., Engine mass flow, areas, and 

temperatures, airframe geometry, 
etc.

– Input requirements for ANOPP v2 much 
more extensive
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Turbofan	Engine	Noise

Aircraft Noise Model:
Aircraft NOise Prediction Program (ANOPP)

Airframe	Noise

Fan	
Noise

Combustion	
Noise

Jet	
Noise

ANOPP	Inputs:
Flight	Profile:

- Position	Profile
- Velocity	Profile
- Thrust	Profile
Airframe	Geometry:
- Wing	area
- Wing	span
- Tail	area
- Tail	span
- Configuration	

Thrust	Profile:

- Engine	Geometry
- Engine	Performance

ANOPP	Outputs:
Noise	at	All	Observer	

Locations

ANOPP	
Source	Noise	Calculations:
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TASOPT

AEDT/ANOPP 

Performance Model Inputs:
Operating/mission parameters

Aircraft sizing/performance parameters
Engine sizing/performance parameters

Single-Event 
Noise Grids 

Aircraft/engine
performance
& geometry

Performance Model Outputs:

Noise Model Control Inputs:
Propagation Settings
Observer Locations

Flight Profile
Generator

Flight Procedure:
Thrust, velocity, position, 

gear/flap settings per time

Procedure Definition:
Lateral Path

Speeds
Configuration

Output to Grid 
Rotation and 
Superposition

BADA4 Existing 
Aircraft Data

Aircraft 
Type

Physics-Based Noise Analysis Framework
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• Takeoff thrust and climb 
thrust set to match median 
radar-based initial climb rate

• Departure weight assumed 
to be 90% of MTOW, arrival 
weight assumed to be 75% 
of MTOW
- Consistent with most 

AEDT procedures

Radar Data Profile Matching

9

Attribute Data	Source

Drag BADA	4

MTOW TASOPT or	BADA	4

Takeoff/landing	roll ASDE-X data	matching
Max	thrust Published	data

V2 TASOPT
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• Single-Event Metrics
– LMAX
– SEL

• Exposure-based metrics
– DNL
– NABOVE

• Population exposure
• LMAX
• NABOVE
• DNL

10

Noise Metrics Used for Evaluation



Boston Analysis
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Noise Complaints at BOS:
One Dot per Address
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Departures Arrivals

Complaint	Data:	August	2015– July	2016
Track	Data:	ASDE-X	from	12	days	of	operation,	2015-2016	

Each	dot	represents	an	address	that	registered	at	least	one	complaint	during	period
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Potential Uses of PBN for Reducing Noise 

Departure Procedure 
Modifications

– Noise-preferential lateral paths
• Early turns after takeoff
• SID waypoint relocation
• Overflight of high ambient 

noise areas
– Reduced procedural 

separation allowing overflight 
of areas with compatible land 
use

– Modified climbs
• Reduced speed
• Delayed thrust cutback
• Thrust scheduling

– Dispersion of departure routes
• Open-SID
• Vectors/headings

– Other?

Arrival Procedure Modifications

– Noise-preferential lateral paths
• Overflight of areas with high 

ambient noise or low 
population (e.g. Expressway 
approach)

• Late turn to final (e.g. 
Canarsie-like approach paths)

– Steep approaches
• 1-segment steep approaches
• 2-segment steep approaches

– Speed/configuration 
management

– Other?



Runway 22R and 15 Departures
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Runway 22R Departures: 2010-2015

2010
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Runway 22R Departures: 2010-2015

2015
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22R, 22L, and 15R  Departure Tracks

*2,500ft	(22R	dep)
†4,000ft	(22R	dep)

*2,100ft	(15R	dep)	
†2,900ft	(15R	dep)

*	Lowest	Observed	A320	Departure	at	FOXXX
†	Median A320	Departure at	FOXXX
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1. Reduced separation 
with Rwy 27 arrival 
flow

2. Early turn after 
takeoff to reduce 
noise at Castle 
Island and 
surrounding areas

18

Runway 22R and 22L Departure Procedure 
Concepts
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22R/22L Departure Spacing with 27 Arrivals (Standard 
Turn)

Baseline:	
3.47	nm

• Evaluating departures at 
several spacing levels
– Baseline: 3.47nm
– 3.0, 2.5, 2.0nm shown in 

figure
• Current RNAV turn 

location for Runway 22R 
departures: 
– Runway heading to 

intercept course 144 to 
TJAYY
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• 22R/22L Departure 
3.0nm Lateral Offset 
from 27 Arrivals

• Aircraft: B737-800
• Metric: LAMAX
• Noise Model: AEDT

20

Noise Exposure: 22R/22L Departure with 3.0nm Offset from 
27 Arrivals (Standard Turn)
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• 22R/22L Departure 
2.5nm Lateral Offset 
from 27 Arrivals

• Aircraft: B737-800
• Metric: LAMAX
• Noise Model: AEDT
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Noise Exposure: 22R/22L Departure with 2.5nm Offset from 
27 Arrivals (Standard Turn)
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• 22R/22L Departure 
2.0nm Lateral Offset 
from 27 Arrivals

• Aircraft: B737-800
• Metric: LAMAX
• Noise Model: AEDT
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Noise Exposure: 22R/22L Departure with 2.0nm Offset from 
27 Arrivals (Standard Turn)
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• 22R Early turn: 
– Initial turn at 500’ AGL
– Direct-to initial 

waypoint located on 
target departure 
corridor

• Runway 15R 
Departure Fix:
– Current procedure 

uses same departure 
fix as 22R departures 
(FOXXX)

– Potential benefit from 
changing departures 
to use fix offset from 
Hull

23

22R/22L Departure Spacing with 27 Arrivals (Early 
Turn) and 15R Departure Waypoint Relocation 
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• 22R/22L Early Turn 
and Waypoint 
Relocation 

• Aircraft: B737-800
• Metric: LAMAX
• Noise Model: AEDT
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Noise Exposure: 22R/22L Early Turn
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15 Waypoint Relocation
• 15R Departure 

Waypoint Relocation 
• Aircraft: B737-800
• Metric: LAMAX
• Noise Model: AEDT



Runway 33L Departures
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Runway 33L Departures: 2010-2015

2010
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Runway 33L Departures: 2010-2015

2015
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ICAT Noise Complaints at BOS
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Complaint	Data:	August	2015– July	2016

Track	Data:	ASDE-X	from	12	days	of	operation,	2015-2016	
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• Thrust and Speed Management
• Fleet-specific performance 

analysis and noise 
modeling

• Flight track dispersion
– Discontinuous (Open SID) 

procedures
• Initial RNAV segment on 

departure, transition to 
vectors to introduce 
dispersion, return to 
RNAV

30

Runway 33L Departure Concepts
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• Standard departure procedures vary by airline
• Typical profile includes thrust reduction at 1,000’ AGL 

followed by an acceleration to climb speed and flap 
retraction

Standard Departure Definition

31
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Increasing Speed causes Increased Airframe 
Noise

As speed increases, airframe noise becomes as loud or louder than engine noise

250 KTAS220 KTAS

190 KTAS160 KTAS
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Engine Noise Dominates
(Low Speed)

Airframe Noise Dominates
(High Speed)
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33

Higher Thrust Reduction Height Higher Acceleration Height

Maximum Performance Climb
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ICAT FMS: VNAV Climb Scheduling

THR RED: Thrust Reduction Height
Altitude (AGL) at which engine thrust is 
reduced from takeoff to climb thrust.

ACC: Acceleration Height
Altitude (AGL) at which the aircraft is first 
pitched down to accelerate. Takeoff climb 
speed (e.g. V2+15) is maintained up to 
this altitude.

- These parameters may be set manually 
and separately.

- Operators define their own values in their 
SOP, which can vary based on airports of 
operation.

- Photo on the right shows an Airbus 
MCDU. The Boeing FMC has identical 
capabilities.

34
Graphic	Adapted	from	Airbus
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737-800: Maximum Thrust, Reduced-Speed 
Climb

Aircraft B737-800
Metric LA,MAX

Noise Model ANOPP
Notes Runway 33L: Maintain Maximum Climb 

Thrust & V2 to 10,000’

Preliminary
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737-800: Delayed Acceleration Climb – 180 
knots

Aircraft B737-800
Metric LA,MAX

Noise Model ANOPP
Notes Runway 33L: Maintain Standard Climb 

Thrust & 180 KIAS to 10,000’

Preliminary
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737-800: Delayed Acceleration Climb – 200 
knots

Aircraft B737-800
Metric LA,MAX

Noise Model ANOPP
Notes Runway 33L: Maintain Standard Climb 

Thrust & 200 KIAS to 10,000’

Preliminary
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737-800: Delayed Acceleration Climb – 220 
knots

Aircraft B737-800
Metric LA,MAX

Noise Model ANOPP
Notes Runway 33L: Maintain Standard Climb 

Thrust & 220 KIAS to 10,000’

Preliminary
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737-800: Delayed Acceleration Climb – 240 
knots

Aircraft B737-800
Metric LA,MAX

Noise Model ANOPP
Notes Runway 33L: Maintain Standard Climb 

Thrust & 240 KIAS to 10,000’

Preliminary
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777-300: Delayed Acceleration Climb – 220 
knots

Aircraft B777-300

Metric LA,MAX

Noise Model ANOPP
Notes Runway 33L: Maintain Standard Climb 

Thrust & 220 KIAS to 10,000’

Preliminary
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E-170: Delayed Acceleration Climb – 220 
knots

Aircraft E-170

Metric LA,MAX

Noise Model ANOPP
Notes Runway 33L: Maintain Standard Climb 

Thrust & 220 KIAS to 10,000’

Preliminary
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• Open SIDs are RNAV departure procedures that allow for
embedded ATC radar vector segments.
– Vectoring can be used to guide an aircraft to join an RNAV track,

remove an aircraft from an RNAV track, or a combination of both.
• Open SIDs were authorized by an FAA memo signed in

2015.

Introducing Open SID Concept

42
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Runway 33L Departures: 2010-2015

2015

Using	Open	SIDs	to	Re-introduce	Dispersion

2010

What	were	design	constraints	on	existing	RNAV	SID?



Runway 27 Departures
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Runway 27 Departures: 2010-2015

2010
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Runway 27 Departures: 2010-2015

2015
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• Thrust and Speed 
Management

• Open SID Dispersion

47

Runway 27 Departure Concepts
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Maximum Thrust, Reduced-Speed Climb
Aircraft B737-800
Metric LA,MAX

Noise Model ANOPP
Notes Runway 27: Maintain Maximum Climb 

Thrust & V2 to 10,000’
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Delayed Acceleration Climb – 180 knots
Aircraft B737-800
Metric LA,MAX

Noise Model ANOPP
Notes Runway 27: Maintain Standard Climb Thrust 

& 180 KIAS to 10,000’
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Delayed Acceleration Climb – 200 knots
Aircraft B737-800
Metric LA,MAX

Noise Model ANOPP
Notes Runway 27: Maintain Standard Climb Thrust 

& 200 KIAS to 10,000’
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Delayed Acceleration Climb – 220 knots
Aircraft B737-800
Metric LA,MAX

Noise Model ANOPP
Notes Runway 27: Maintain Standard Climb Thrust 

& 220 KIAS to 10,000’
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Delayed Acceleration Climb – 240 knots
Aircraft B737-800
Metric LA,MAX

Noise Model ANOPP
Notes Runway 27: Maintain Standard Climb Thrust 

& 240 KIAS to 10,000’



Runway 4R Arrivals
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Runway 4R Arrivals: 2010-2015

2010
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Runway 4R Arrivals: 2010-2015

2015
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• Standard steep approaches
• 2-segment steep approaches
• Late turn to final 

– RNAV (Lighthouse-like approach 
paths)

– RNP(Canarsie-like approach 
paths)

• Overflight of areas with high 
ambient noise 
– (i.e. Expressway approach)

56

Runway 4R Arrival Noise Mitigations

Milton
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3° and 3.77° Continuous Descent Approach 
Comparison

• BADA-4 model indicates that steeper glideslopes may be feasible for some aircraft types
• Feedback from operators: Airbus aircraft in planned descent autoflight mode cannot 

exceed 3.77° glideslope angle

Significant	Concerns	from	Airline	Technical	Pilots	and	ATC	for	Operational	Feasibility

B757-200	Steep	Approach
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B757-200 Two Segment Steep Approaches
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Two-Segment Approach Concept

Significant	Concerns	from	Airline	Technical	Pilots	and	ATC	for	Operational	Feasibility



MIT
ICAT

59

Safety  Concerns - High-Energy Approaches

Figure	source:	The	Boeing	Company	http://www.boeing.com/resources/boeingdotcom/company/about_bca/pdf/statsum.pdf

Runway 
Excursions
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• RNAV (GPS) Rwy 33L approach 
under development based on 
current JetBlue RNAV special 
procedure
– Minor modifications required to meet 

public procedure design specifications
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Lighthouse RNAV (GPS) Approach: 33L
BOSTON Approach (R) BOSTON Tower Ground Helicopter 

135.0 120.6 132.22
Rwys 4R-22L, 9-27

128.8 121.9 124.72

D-ATIS Arrival
Rwys 4L-22R, 14-32, 15L/R, 33L/R

WEATHER MINIMUMS
Ceiling3000'- VIS 5

Final
Apch Crs

331^
RNAV

MISSED APCH: No missed approach procedure.

Trans alt: 18000'Alt Set: INCHES Trans level: FL 180

4. Adhere to all ATC restrictions and clearances.

1. On initial contact with ATC request RNAV
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1. DME/DME/IRU or GPS required.   2. Radar required.

Rwy 33L

MSA RW33L
3. FMS Glide Path 3.00^.
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RNAV VISUAL Rwy 33L
TM



MIT
ICAT

61

LMAX Impact of Proposed RNAV (GPS) to 33L

60	dB

65	dB

70	dB
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RNAV (GPS) Approach: 4R

Transposing Lighthouse RNAV 
from 33L directly to 4R:

Removing intermediate 
waypoints over land:
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• Transposing Lighthouse RNAV from 33L directly to 4R:
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RNAV (GPS) Approach: 4R

60	dB

65	dB

70	dB
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• Modified RNAV to 4R:
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RNAV (GPS) Approach: 4R

60	dB

65	dB
70	dB
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Canarsie-Like RNAV (RNP) Special

Figure:	Honeywell
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Canarsie-Like RNAV (RNP) Special

JFK BOS
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Notional Noise-Driven RNP: BOS Rwy 4R

0.95	nmi	final

2.1	nmi	radius	RF
10° bank	at	160	KTAS
40%	Standard	Rate
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• 4R Noise-Driven RNP 
Approach

• Aircraft: B737-800
• Metric: LAMAX
• Noise Model: AEDT

• Issue of mixed 
equipage and merging 
on final

68

Noise Exposure: 4R Noise-Driven RNP Approach
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ICAT Notional 4R Expressway Approach Path

69

4.7	nmi	final

RF:	1.5	nmi	rad
45° turn

Transportation	Noise	Data	Source:	Bureau	of	Transportation	Statistics	https://www.rita.dot.gov/bts/press_releases/bts015_17

24	Hour	Equivalent	
Noise	Level

• Concept:	move	arrival	
flows	over	regions	of	
higher	ambient	noise
o Highways
o Industrial	areas

• Currently	developing	
prototype	arrival	profile	
definitions	



MIT
ICAT

6
0

6
0

6
0

6
0

6
0

6
0

6
5

6
5

6
5

6
5

7
0

7
0

7
0

6
0

6
0

6
0

6
0

6
0

6
0

6
5

6
5

6
5

6
5

7
0

7
0

7
0

Baseline ILS Flight Track
Baseline ILS Noise Contours
Expressway Flight Track
Expressway Noise Contours

• 4R Expressway 
Approach

• Aircraft: B737-800
• Metric: LAMAX
• Noise Model: AEDT

• Pending analysis of 
background noise and 
environmental justice 
issues

70

Noise Exposure: 4R Expressway Approach



Summary
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Departure Mods
• 22R 

– RNAV Waypoint relocation
– Early turn after departure

• 15R 
– RNAV Waypoint relocation

• 33L and 27
– Speed management

• 33L
– Lighthouse RNAV 

Approach

Departure Mods
• 33L and 27

– Open SID departures to 
introduce dispersion

• 4R
– RNAV approach to 4R 

(Lighthouse-like)
– RNP approach to 4R 

(Canarsie-like)
– Noise masking on arrival

Most Promising Procedures 
Block 1 and Block 2

Arrival Mods

Arrival Mods

Block 1 Block 2

Preliminary/Subject	to	Change



Project Schedule
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ü Collect Data and Evaluate Baseline Conditions
– Pre and Post RNAV

ü Identify current procedures which appear to have community noise 
benefit

• Determine Technical and Operational Limitations
– Aircraft Performance
– Navigation and Flight Management (FMS)
– Flight Crew Workload
– Safety
– Procedure Design
– Air Traffic Control Workload

ü Identify Candidate Procedure Modifications
ü Block 1/Block 2

ü Model Noise Impact
– Standard and Supplemental Metrics

• Evaluate Implementation Barriers
• Recommend Procedural Modifications to Massport and FAA
• Repeat for Block 2

74

Technical Approach
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• FAA/ Massport Discussions Winter – Fall 2016
• Announcement Oct 2016
• Consultant Team Organization Fall 2016
• Historical Flight Comparison\Analysis Dec to Feb 2016
• Block 1 Procedure Opportunity Feb 2017

– lower complexity, benefits with minimal/no negative impacts
– DNL and Alternative Metrics (single event above threshold) 

• Block 1 Recommendations Apr 2017
• Block 2 Procedure Opportunity Jun 2017

– More complexity, benefits and potential negative impacts
– DNL and Alternative Metrics (single event above threshold)

• Block 2 Recommendations Fall 2017
• FAA Review Process Ongoing/TBD
• Implementation/Final Report TBD

Project Schedule 

Review\Input	
MPA	CAC

At	Key	Milestones

Preliminary/Subject	to	Change 75


