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Overview

 What is Performance-Based Navigation (PBN)?
« History of PBN

o Stakeholders

18 Step Process

« RNAV/RNP Implementation Sites

« RNAV/RNP Benefits

« RNAV/RNP Implementation Projects

 Moving Forward — Integrated Procedures Concept
 RNAYV Equipage

« Aircraft and Operator Approvals

 Challenges to RNAV/RNP

* International Harmonization
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B
Performance Based Navigation (PBN)

 Performance-Based Navigation (PBN) Instrument
Flight Procedures (IFPs) include:

RNAYV - Standard Instrument Departure (SID)
RNAYV - Standard Terminal Arrival Route (STAR)
RNAV - Q & T Routes

RNAV (RNP) Approach (RNP SAAAR)

 Over 18,000 Instrument Flight Procedures in the NAS

 Nearly half (48 percent) are now PBN Procedures

o 45 Major Airports (346 Runway Ends)
« Bythe end of FY09 - 97% will be served with PBN Procedures
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Presentation Notes
According to AVN’s 5/07/09 IFP Summary, there are 18,053 total IFPs in the NAS (excluding military and international); a total of 8683 (48%) are RNAV approach, SIDs and STARs.

This does not include Q/T routes, but conventional V/J routes are not summarized either.


History of PBN
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* Industry requests the establishment of an RNAV/RNP Program at FAA-
RTCA Spring Forum 2002

 FAA Administrator issued a policy statement committing FAA to
aggressively pursue the implementation of RNAV and RNP in the
National Airspace System- July 22, 2002

 Roadmap for Performance-Based Navigation published with industry
coordination - July 2003, August 2006 (v2)

 Roadmap initiatives incorporated into NextGen Implementation Plan and
FAA Enterprise Architecture- 2008/2009
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Summary of FAA & Industry
Interactions to Achieve PBN Evolution

* Mid-term capabilities and long-term benefits
(Integration with ADS-B, Data Comm & TFM)

!

» Airspace Changes ge;é?\len
(RNAV Everywhere & RNP Where Beneficial)
Roadmap

Concepts and
Implementation

I

* Criteria, Standards, and
Guidance Materials

Nav Modernization & Services
(AJW and AJR)

* Avionics & Certification

» Operator Approvals

* Equipage .
PR Procedures, Issues Resolution, SMS,

Data Collection and Analysis
» Automation 7 (AJR, AFS, AIR, AJW, AOV, & Industry)

 Training =

* Procedures Implementation

* Issue Resolution PBN Criteria, Standards, Rulemaking/Policy

* International Harmonization (AJR, AFS, AIR, & AJW)
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Stakeholders in PBN Procedure
Development Process

« RNAV/RNP Group Procedure Proponents
e Aviation System Standards
* Flight Standards

« Aircraft Certification
 Lead Operator

o ATC Facllities

e Service Center Airports

« 0 S and/or

psS upport | Air Traffic Facilities
= Environmental Office
= Safety Management Office Industry

Airport Authority User Groups

National
Initiatives

Lead Operators
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18-Step RNAV Implementation Process

PBN Implementation Process used by Working Group Actions

Kickoff Meeting - TA . Reserve Waypoint Names ‘

Design the Procedure

(Criteriaand Guidance materials) '\
________________________ I3

Simulator | Working Group Reviews Procedure ’
> Redesign

Evaluation (FPO Preliminary Approval)

Direct to Public

Process Decision

Flight Trials “Special’

Doc

Auforation vironmenta Advise Industry of
Review Project Development
AVN Flight Training and
Check Notification

Process Verification

Publish Procedure
for Public Use

Resolve

___________ ¥

m Lead Operator |
- " Fiight Trials |

Post Procedure
Implementation
Analysis
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> | Submitted To AN

Developed through FAA, Industry,
and MITRE collaboration

18 systematic manageable steps

Provides RNAV Working Groups with
standardized process for the
development and implementation of
Terminal RNAV procedures (STARS
and SIDs)

Defines the specific roles and
responsibilities of the collaborative
Working Group members

Supports a collaborative effort

We are now expanding the process
for RNP applications
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RNAV Arrival and Departure Procedure Sites

2005 — July 2009 [Cities in bold have OEP airports]

. Alaska (Adak, Akhiok, Anaktuvuk Pass, Anchorage, Arctic Village, Atka, Golovin, Juneau, Kaltag, Ketchikan, King Cove, Nondalton, Palmer,

Perryville, Petersburg, Ruby, Sitka, Willow)
. Arizona (Glendale, Goodyear, Phoenix, San Carlos, Sedona, Tucson)
. California (Alturas, Borrego Valley, California City, Long Beach, Los Angeles, Mojave, Oakland, San Diego, San Francisco, Santa Monica)
. Colorado (Aspen, Holyoke, Lake County, Nucla, Rifle, Walden)
. Florida (Boca Raton, Ft. Lauderdale, Ft. Myers, Miami, Naples, Orlando, Tampa, West Palm Beach)
. Georgia (Atlanta-Hartsfield, Augusta-Regional, Augusta-Daniel)
. Hawaii (Hana)
. Idaho (Arco, Driggs, Grangeville, Hailey) Frojon Bane B
. lllinois (Chicago-O’Hare, Chicago-Midway) e
. Kentucky (Covington, Louisville) MM:; Arcist B [oerars @ [ over D
. Maryland (Baltimore) 0 (e
. Massachusetts (Boston, Nantucket) 1. Kickoff Meeting
. Minnesota (Minneapolis-St. Paul) :‘xm“:i\gwmmm-m'm“m'm
. Montana (Colstrip) « Schedule abirbroff meeting that brings togeher the particpats ofthe EHAY Inplemertation

. workdng grovp (see Appendic A

. Nevada (Carson City, Las Vegas, Reno) -+ drise e RIVAY Brocedm Propaments
. New Hampshire (Manchester) g vt it s e i ke
. New Jersey (Newark, Teterboro) i
. New York (New York-Kennedy) . ;ﬁ&“ﬁmmm ERMINAL
. North Carolina (Charlotte) + Iemoduce paricpmt's oles mdrespost REA
+  Ohio (Cleveland) gttt  OUTE
. Oregon (Porﬂand) mﬁimﬁﬂ"ﬂiﬁ;f&’: ENERATION
. Pennsylvania (Philadelphia) — — ikl | VALUATION &
. Puerto Rico (Isla de Vieques, San Juan) ard [oem [ D RAFFIC
. Rhode Island (Providence) S TARGETS Operster IMULATION
. Tennessee (Memphis) * Contis denometreim ofthe TARMED
. Texas (Dallas-Ft. Worth, Houston-Bush Intercontinental) o Jair ot 0 o e Pty 3o ﬁiﬁiﬁ‘?ﬁ:’; ecrresdomin it
.« Utah (Heber City, Richfield, Salt Lake City) iena L
. Virginia (Washington-National, Washington-Dulles, Virginia Tech) 1 &?“:;,}f’:.;:?f,{;"
. Washington (Seattle-Tacoma) _
. Wyoming (Afton, Kemmerer, Ten Sleep)
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RNP SAAAR Approach Procedure Sites

2005 — July 2009 [Cities in bold have OEP airports]

. Hawaii (Honolulu, Lihue) e
. Idaho (Hailey) B
. lllinois (Chicago-Midway)

PROTOTYPE: 1ot

bd < |
. Oklahoma (Oklahoma City) e
. Oregon (Portland) cs a0y I
. . Ty 2= s
. Pennsylvania (Pittsburgh) &

Arizona (Phoenix, Prescott, Scottsdale, Tucson)

California (Bishop, Burbank, Long Beach, Los Angeles, Monterey, Ontario, Palm Springs, San Francisco, San Jose)

Colorado (Hayden, Rifle)

Ecuador (Quito)

Florida (Ft. Lauderdale, Miami, Tampa)

Georgia (Atlanta-Hartsfield, Atlanta-Fulton, Atlanta-Dekalb)
Guam (Agana)

Indiana (Gary, Indianapolis)

Kentucky (Covington, Louisville)

Maryland (Baltimore)

Minnesota (Minneapolis-St. Paul)

Missouri (Kansas City)

Montana (Helena, Kalispell)

Nevada (Reno)

New Hampshire (Manchester)

New Jersey (Newark)

New York (New York-Kennedy, New York-Laguardia)

Tennessee (Memphis)

Texas (Dallas-Ft. Worth, Houston-Bush Intercontinental)
Virginia (Washington-National, Washington-Dulles)
Washington (Seattle-Boeing Field)

BALEIGH/ DURHAM, NORTH CARTIINA

s s 08 RNAV (RNP} ZRWY 23R
nr 435 RALCIGH-DURHAM INTL (RD1)
o Cmcompanzated BARCAVNAN SySAITS. pCCenure KA el 21573 WSSED APFADACH: CLMD

e 11T FOR MOPEHATUE ALSF NCREAGERIE /&% | T TRAGK 3518
0,15 0LL GATS VISIBLITY TO VR 000, INGREASE KNF 0,30 AL CATS VISIEILY | T0.85HD0 ANE HOLD.

PROCEDURE NA FOF\ ARRIVALS

NOT FOR NAVIGATION

1500,
iz 124|3§NP 14

WISSED
4PPROACH

Juuml_\,\

ET

780 40 a7

_RHP 03004 IR

|SPECIAL AIRCRAFT AND AIRGREW
AUTHORIZATION REQUIRED

1T 5553 G92N 1 0TB4B B0

RAIFMEHF TILIRHAM, NORTH CARCHNA RALEIGH-DURHAM INTL (2D}

. Wyoming (Jackson) sesnawary RNAY (RNP)Z RWY 23R
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“En Route Example — RNAV Routes

Increased Capacity and Access

Plan View

T-routes requested by Aircraft Owner’s Pilot’s Association (AOPA)
Better access to Class “B” and Class “C” airspace

Reduced mileage and increased en route capacity due to lower Minimum
En Route Altitudes (MEA) based on GPS

Ly
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Presentation Notes
T-Routes requested by Aircraft Owner’s Pilot’s Association (AOPA) 

 T203 Depicted in the chart pictures

Better access to Class “B”  and Class “C” airspace 

Reduced mileage and Increased en route capacity due to lower Minimum En Route Altitudes (MEA) based on GPS

 GPS MEA notated in the plan view demonstrates taking the altitude down to 4900 feet using GPS


2 . L. .
RNP Approach with Authorization Required
Enabling Features (RNP SAAAR)

* Narrow lateral linear segments
w,%,w - Curved segments anywhere along the approach
Narrow » Guided, narrower turns on missed approaches
Segments » Performance-based Vertical Buffers

STEP 1: Apply para 2-2 Segment

a STEP4 R

a=
AN b=R+(2xRNP)
A STER3 \ R c=R-(2xRNP)

~
STEP 5

-+ 71 bl
Segment i ASBL
Initial o 50!
ix R— @ STEP 2: ab Edge

Fix \ N Locate Turn Center o
\\ Vertical Error Budget &
Tangent Points Gulded Mlssed ApproaCh

—

EWG Ops SC - Note — RNP AR is the international
July 28, 2009 equivalence of RNP SAAAR
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Presentation Notes
Narrow lateral linear segments

(RNP-0.3 or less with no secondary buffers)



Curved segments anywhere along the approach

(Radius-to-fix legs with shorter leg lengths)



Guided, narrower turns on missed approaches

(Radius-to-fix legs, and RNP-1 or less)



Performance-based Vertical Buffers

(Vertical Error Budget )


B
De-confliction of Chicago O’Hare/Midway

Using RNP SAAAR

o Effort allows procedural
separation for aircraft .
departing Runway 22L at N
Chicago O’Hare Airport
(ORD) from RNP aircraft
landing Runway 13C at
Midway Airport (MDW)

 RNP instrument approach
procedure allows greater T
use of Runway 13C during ——
certain configurations =

EWG Ops SC
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Presentation Notes
Current Operations

MDW 13C is used when determined by MDW ATCT based on meteorological conditions.  

Daily landing/takeoffs(CY2007): MDW - 835, ORD – 2563

Proposed Change

Aircraft departing from ORD Runway 22L will be assigned the O’Hare Three Standard Instrument Departure (SID) and comply with published altitude restrictions

Aircraft executing the MDW RNAV (RNP) Y Runway 13C instrument approach procedure (IAP) will be established/maintain the published lateral track and comply with published speed and altitude restrictions

All aircraft will be under ATC radar surveillance and control as required but the procedures alone do not provide procedural separation.  

Only RNP/SAAAR qualified aircraft/aircrews are authorized to execute the MDW RNAV (RNP) Y RWY 13C instrument approach procedure - We are only aware of SWA working to meet requirements and they estimate to be ready in fall 2010

Conventional and RNAV SID/STAR/IAPs are charted in accordance with FAA criteria Status Update

	Safety Risk Management Panel met on February 11, 2009

The purpose of the SRMP meeting was to evaluate potential hazards, assess risk, and develop a mitigation strategy, if necessary, that pertained to a proposed change to the National Airspace System, and address de-confliction of aircraft departing Runway 22L at Chicago/O’Hare International Airport on radar vectors (O’Hare Three Departure) from arrival aircraft conducting the RNAV (RNP) Y RWY 13C instrument approach procedure into Midway Airport

Findings were augmented by analysis conducted by Aviation Flight Standards

A Safety Risk Management Decision Memorandum has been signed in support of the proposed change

Air Traffic is currently working on the implementation strategy/plan which will include a SRMP with ORD and MDW ATCTs




PBN Addresses Complexities in the Terminal Domain

— Satellite Vectored Ops
ATL RNAV STARs
ATL RNAV SIDs

EWG Ops SC
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Atlanta (ATL) Departure Procedures
Before and After BEFORE RNAV

o Approximately 94% of daily
departures are RNAV-capable

« More departure lanes and exit points
to the en route airspace

= Capacity gain of 9-12 departures per
hour

 Repeatable and predictable paths

* Benefits
* |Increased throughput
» Reduced departure delays
= $30M annual benefit (at 2007 demand

levels) AN v
= Cumulative savings through 2008 is N\ 7/’/
$105M IR « | = 22R V2 S

EWG Ops SC \*\ Federal Aviation
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B
Dallas Fort Worth International (DFW)

 RNAYV enabled diverging departures Y Straight-out !
at DFW pnle mentatio ggg\;ftﬁtsgnalii
« Diverging departures allow for the | operstons A 1
application of same runway Lineup I i
separation standards, reducing inter- S —— N ﬁ‘
departure times | .. o i
» Reduction of inter-departure times -\ T
yields an increase in departure PeRetE
capacity Diverging | 4
= 11 to 20 additional operations per Departure 4\
hour Operations i
* Increased departure capacity results — Ar
in approximately between $8.5M and sl @ERIN | |- oosion] | §
$12.9M in delay savings per year | g
= At 2005 demand levels N ’)_m
« Cumulative savings through 2008 is RNA I R o
$30M S
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Presentation Notes
At Dallas-Fort Worth International Airport (DFW), the development of RNAV SIDS  enabled the use of diverging departures.  Previously diverging departures were not possible using conventional SIDs due to environmental constraints.  Diverging departures allows for aircraft to depart under “Same Runway Separation Standards” (FAAO 7110.65, 3-9-6) which decreases the separation standards in typical Radar Separation (FAAO 7110.65, 5-5-4).  This reduction in separation results in reduced inter-departure times which in turn results in an increased departure throughput.  At DFW, the increase in departure throughput was modeled between 11 (2005 RNAV level) and 20 (100% RNAV level) additional operations per hour.  This throughput gain results in a monetary savings of between $8.5M (2005 RNAV level) and $12.9M (100% RNAV level) per year.


®
RNAV Arrivals

Optimized Profile Descent (OPD) Arrivals

Atlanta OPD demo
DIRTY STAR
West Flow operati
11 Tracks

4 Tracks

Track Altitude
Color  (ft MSL)
< 2,000
2,000 — 4,000
4,000 — 6,000
6,000 — 8,000
8,000 — 10,000
10,000 — 24,00C
> 24,000

Miami OPD demo °
RUTLG STAR
East Flow operations

OPDs provide large
benefits for fuel,
emissions, and flight
time

May 2008 Demos

= DIRTY STAR at Atlanta (ATL)

» 38 gallons of fuel savings
and 360kg reduction in CO2
emissions per flight

* RUTLG STAR at Miami (MIA)

» 48-52 gallons of fuel
savings and 460-500kg

Vertical Profiles

EWG Ops SC
July 28, 2009

reduction in CO2emissions
per flight

600 OPD nighttime demos at
ATL from August -
November 2008

VIKNN and NOTRE STARs

40-60 gallons of fuel savings and
380kg reduction in CO2
emissions per flight

Vertical Profiles

\*\ Federal Aviation 15
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Presenter
Presentation Notes
The focus of the Atlantic Interoperability Initiative to Reduce Emissions (AIRE) is to reduce the environmental footprint of aviation operations through the introduction and implementation of environmentally friendly procedures. Leveraging the increased lateral and vertical conformance enabled by RNAV capabilities, the AIRE program focuses on implementing OPD STAR procedures in the effort of achieving operations with less level-off segments, more continuous descent segments, and gaining the benefit of reduced fuel burn. Initially, AIRE ran demonstrations of nighttime continuous descent arrivals along STARs designed for Atlanta and Miami airports. The design of the DIRTY (Atlanta) and RUTLG (Miami) STARs were a collaborative effort involving the associated TRACONs, Centers, airline participation, and the FAA. 



To determine the benefit of these AIRE demos, a baseline was measured of current operations utilizing a similar conventional procedure and comparing those results with the measured fuel and emissions modeled for the OPD demonstration flights. Future improvements in RNAV and RNP functionality could serve to enable better OPD procedures while mitigating the impact of these operations on surrounding crossing traffic.


RNAV Example OPD Site Selection Process

e Conducted a NAS-wide high-level
analysis for prioritization of OPD
iImplementation sites (Feb 09)

* Analyzed 4,000 flows at 1,800 airports
and ranked by complexity of
implementation, relative benefit, and
resource readiness

« Complexity ranks sites by challenges
to OPD implementation

« Site impact ranks sites on greatest
iImpact

 Resource readiness identifies sites
that are currently planned for RNAV

* Next steps
« Compare various weighted rankings

 Develop acomposite site list for
detailed site evaluation

« Continue targeted site development
and implementation

Altitude (ft MSL)

Distance (NM)

EWG Ops SC & ) Federal Aviation
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Industry Collaboration Example-
Delta Air Lines

 Currently, we are refining a technical
proposal for a multi-year project in the
Atlanta (ATL) terminal area to utilize
radius-to-fix (RF) legs on RNP
procedures to improve the efficiency
of simultaneous independent parallel
approach operations

« The concept of operations is based on
PARC's 2008 report, "Applications and
Benefits of RNP for Large Airports
with Surrounding Satellite Operations"
and is strongly supported by Delta Air
Lines

« Potential benefits include multi-million
dollar annual fuel cost savings for
RNP procedure users based on
proposed reductions in downwind leg
distance flown prior to joining
straight-in final approach course

Proposed Design Concept

EWG Ops SC g \*\ Federal Aviation
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Industry Collaboration Example-
Southwest Airlines

e RNPs scheduled for publication on August 27, 2009

. Raleigh Durham, NC (Curved Path)

. RNAV (RNP) Z Rwy 5R =
. RNAV (RNP) Rwy 23L
* RNAV (RNP Rwy 23R g ARIZENY 2%

v WISED APFRGACH, CLME
e 13 TE-£000 ViA TRAGH 233,15

w
I t ‘! I a P R I 313 AL TS WRIBLITY T RVR 000 INCREAS 1 v (A T T ¥ A T
hd N V N Z 5 PROCEDURE NA FOR ARRIVALS
AT BILLA VIA V-454
7aro,
. 5

)

150g,
1 .
Bonle 2 HYRHR 10

- Boise, ID (Curved Path) R

« RNAV (RNP) Z Rwy 10R
e RNAV (RNP) Rwy 10L
« RNAV (RNP) Rwy 28R
«  RNAV (RNP) Z Rwy 28L

- ) L)
KT e

L
ol

EERT] =
et J

RNF U160 E07 90
RNP0300A PO E o

SPECIAL AIRCRAFT AND AIRCREW
AUTHORIZATION REQUIRED

RALEIGH-DURHAM INTL (DU

waw RNAV RNP) ZRWY 23R

arig
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Begin Integrated Procedures Concept:
Benefit Focused

* An integrated procedures concept will provide a
framework for integration of PBN initiatives from
departure to approach

* Integration of Procedures includes:

 Utilization of additional TRACON ingress/egress points that are
not tied to ground-based NAVAIDS

« Concurrent development and implementation of SIDs and
STARs (including OPDs) to ensure integration

» Decoupling of operations between primary and satellite airports
In complex TRACON airspace

* Development of direct city/ TRACON pair procedures through
congested airspace

ok Ay
s 2l
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Integrated Procedure Development
Benefits

En Route Terminal

O Federal Aviation 20
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Integration of Procedures Example
Applications for De-confliction, Optimization, and Benefits

» Segregate traffic flows

» Between arrival/departure and
transitions operations

» Between primary and satellite
airport operations

* Between city pairs

— RNAVRNP Departure Operations
e RNAVRNP Transition Operations

L Al
/ )
| O
&
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Integration of Procedures Example
Integrated Development of RNAV SIDs and STARs

eXpational Aighort

e Current STARSs at Dallas-Fort Worth » Integrating the development of the SIDs

(DFW) are conflicting with departure and STARs allows for simultaneous use of
flows the airspace without conflict

* The aircraft would cross vertically « Enables the development of OPDs while
within 1,000 feet if the procedures reducing the impact to departures
were used at the same time

» Enables utilization of airspace by
el © Controllers are unable to use the two - oo oo
o7 =N Administration
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Presentation Notes
Old data:

TRACON Network

The TRACON network consists of either single airport TRACON or multiplex TRACONs.  These networks should be developed with respect to SIDs, STARs, and Approaches.  TRACON networks may provide increased throughput by increasing the ingress\egress points

en route Network

The en route network will consist of multiple RNAV Q Routes which will replace the current jet route infrastructure.  Increased throughput on these new routes will be possible by providing: 

Multiple Q routes where currently only one jet route exists

Efficient and direct routes between busy TRACONs

Alternate routing around congested airspace/weather




Current RNAV Equipage — Top 34 Airports

100%

20%

50%

4 0%

Equipped Capable
Operations (%o)

[~2
=
=

0%
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Current Equipage at the 34 Busiest US Airports

B General Aviaticn
BPart 121 Carriers
O Combined

EIAV EMF
PEN Category

EMNF with RF
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RNAV Equipage Capability

Area Navigation ForecastScenarios
PBN Equipped Capability

o o
o B0%
= X
7 >
w = ol
£ o = All Alr Carriers {Part
- “
: o 121}
£ & aox _ -
& ~—Top 10 Airlines {Part
G 121}
< 2% —— High-end GA
s T I T 1 T T T T T
2 i i <~ ~f ~~1 ~i 1 ~i 4 4 S« N 4 N Mt N N N NN SN M MM M M M m
0o o O O o o O o O O O O O O O O O O O O O O O O O O O
[ o DN o DN o DN o BN o BN o BN o NN o DN o DN o BN o DR o DN o BN o BEEN o DEEN o NN o BN o NN o BN o BENN o BN o BENN o DO o BENN o NN o BN o |
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Aircraft Approval

« RNAV and RNP are Performance-Based initiatives in that
the required performance is specified for the operation,
rather than a required system or sensor

This allows technology evolution, without recurring procedure
development or operational training

« The performance requirements were developed to capture
capabilities that had already been deployed by individual
manufacturers

EWG Ops SC

July 28, 2009

Allowed thousands of aircraft to immediately qualify, without further
Investment

Requires criteria to accommodate aircraft differences
Performance requirements depend on the operation

RNP SAAAR approaches are the most demanding
» Note — RNP AR is the international equivalent of RNP SAAAR
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Aircraft Approval

e Current (estimated) aircraft capability:

Type of RNAV- RNP AR Approach - | Total U.S.
Operator Capable |Capable Fleet (Active)
Air CarrierlH 6285 2631 7250
General Aviation!? 80000 100 131700
(including

business and

personal)

Air carrier estimates are for US 14 CFR Part 121 fleet, estimated by Mitre.
Fleet size from CY2007 GA and Air Taxi Survey, for active fixed wing aircraft and on-demand rotorcraft

operators. GPS equipage estimated from CY2005 survey (latest year for which detailed avionics information
Is available).

llllll
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Operational Approval

« Air Commerce: Operators must obtain approval prior to
conducting PBN operations
» Provides FAA with ability to ensure highest level of safety is
met
e General Aviation
= RNP SAAAR Approaches: Operators must obtain approval
prior to conducting operations — due to complexity of
operation
= All other PBN: Operational approval is not required
* Flexible approval process — FAA provides several
methods to obtain approval
= Coordinated with aircraft approval

el AL
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RNP SAAAR/RNP AR Aircraft Approvals

« Aircraft approved
= Boeing: 737
= Airbus: 318/319/320/321
= Gulfstream: 450/550

e Future Aircraft approvals
» Boeing: B-777, -767, -757

» Application by Boeing for fleet-wide documentation and
qualification is pending

Embraer: E-170, -190
Cessna: TBD
Bombardier: TBD
Dassault: TBD

EWG Ops SC & "'*.j Federal Aviation
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Future Manufacturer RNP AR Fleet Approvals

Boeing*: B-777, -767, -757
Embraer: E-170, -190
Cessna: Citation
Bombardier: TBD
Dassault: TBD

* A number of airlines are approved to use these aircraft models for
RNP AR operations. Application by Boeing for fleet-wide
documentation and qualification is pending.

EWG Ops SC [F(Y:) Federal Aviation
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RNP SAAAR/RNP AR Operator Approvals

o Alaska Airlines: B-737

 American Airlines: B-737/757/767/777

e Boeing Flight Test: B-737

o Continental: B-737/757/767/777

e Delta Air Lines: B-737/757/767/777

o JetBlue: A-320

e Johnson and Johnson: G-450/550
 Honeywell flight department: G-450/550
* Verizon: G-450

* Netjets International: G-450/550

gl Al
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Future Operator RNP AR Fleet Approvals

e Qualcomm: G-450
 Coca-Cola: G-550

o Southwest Airlines: B-737
e US Airways- Airbus: E-190 [ <
o JetBlue: E-190 =<2
e Motorola: G-450

o Zenith: G-450

e Connoco Phillips: B-737
o Wayfarer Aviation: G-450
 Reyes Holdings: G-450

EWG Ops SC (S #\+\ Federal Aviation
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Challenges

FAA

Operators
Mixed Equipage

Aircraft
Capabilities

Flight Management

Phraseology Computer (FMC)

Separation Standards

PBSS%‘#G Variations & Capabilities
i International Procedure Coding
SAlEEE Harmonization Database
Surveillance & Benefits & Analysis Charting

Training
Human Factor

Automation

Cockpit Displays

Part 77 Obstacle
Notification

Criteria

Equipage

EWG Ops SC

y \*\ Federal Aviation
July 28, 2009 zN/¢/ Administration



Presenter
Presentation Notes
Making the transition from today's conventional world toward NextGen, which has PBN as one of its foundations, carries with it a great deal of complexity

This transition and associated complexity has to be accounted for in pilot, controller, and inspector training and then fully embraced by these various groups

Today's aircraft navigation systems carry a great deal of performance and functionality

There are still some variations among today's systems and, to a greater degree, between those systems and others aboard many aircraft manufactured in last 10-15 years.

While the performance of PBN-capable aircraft falls within established criteria for different operations, additional capability (or reduced variation) may be desired in the future, which may require retrofit by some operators (software and hardware)

Update regulatory standards requiring FAA notification when obstructions impact RNP flight procedures


Environmental Challenges
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All new procedures are reviewed to assure compliance with
environmental laws and regulations

The review will determine the level of environmental study
appropriate for the proposed procedure

» Categorical Exclusion (CATEX)

* Environmental Assessment (EA)- costs run approximately $500K to
$1M

* Focused EA- Time and cost can be reduced substantially if there is no
potential for significant impacts

* Environmental Impact Study- costs vary widely, can be anywhere from
$1M to millions

» Schedule is also impacted by the various types of environmental
actions
* Environmental Assessment- a year to 18 months
* Environmental Impact Study- 24+ months
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Safety Risk Management Efforts

« The RNAV/RNP Group is actively working on a number of Safety Risk
Management Documents (SRMD) and Decision Memorandums (SRMDM)
in conjunction with System Operations Safety Management Office (SOSM)

SRMDs currently under development
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Guidelines for the Development and Implementation of RNAV STARs (18 Step
Process)

Houston/George Bush Intercontinental Airport (KIAH) Parallel Dependent and
Simultaneous Independent ILS/RNAV Approaches, Resume
Normal/Published/Terminate Speed (final draft submitted to the AJR SOSM
Office for review and approval)

Climb Via

Coordination/approval status of SRMDM currently under development

Deconfliction of MDW RNAV (RNP) Y RWY 13C arrivals from ORD RWY 22L
departures

RNAYV Visual Flight Procedures
ATL/DFW RNAYV “Off the Ground” Phraseology implemented June 1, 2009

Revised ATC Surveillance Requirements — GNSS Aircraft Operating on RNAV
ATS/Random (Impromptu) Routes
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The RNAV/RNP Group is actively working on a number of Safety Risk Management Documents (SRMD) and Decision Memorandums (SRMDM) in conjunction with System Operations Safety Management Office

Coordination/approval status of SRMDs currently under consideration:

Guidelines for the Development and Implementation of RNAV Standard Terminal Arrivals (in coordination with AJE/AJT/AJW for review/approval)

Houston/George Bush Intercontinental Airport (KIAH) Parallel Dependent and Simultaneous Independent ILS/RNAV Approaches, Version 4.0 (supports waiver package (08-T-06) to FAA Order JO 7110.65, paragraphs 5-9-6 and 5-9-7 – under review by AJT)

Resume Normal/Published/Terminate Speed (final draft submitted to the AJR SOSM Office for review and approval)

Climb Via (final draft submitted to Joe McCarthy for review and approval)

Coordination/approval status of SRMDM currently under consideration: 

Deconfliction of MDW RNAV (RNP) Y RWY 13C arrivals from ORD RWY 22L departures

DOT-FAA-AFS-450-55 safety study (Approved)

SRMDM (Signed)

RNAV Visual Flight Procedures – FAA Order 8260.RVFP (Approved)

ATL/DFW RNAV “Off the Ground” Phraseology (Approved)

Implemented June 1, 2009

Revised ATC Surveillance Requirements – GNSS Aircraft Operating on RNAV ATS/Random (Impromptu) Routes (SRM panel completed its work on May 13, 2009 and recommends that SRMDMs be drafted, which support submission of document change proposals to FAA Order JO 7110.65, the Aeronautical Information Manual, and Aeronautical Information Publication – U.S.)
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International Harmonization

International Civil Aviation Organization (ICAO) PBN Study Group
= Developed ICAO PBN Manual (Apr 04-Mar 07)
» Working advanced concepts for RNP

« |CAO-IATA Global PBN Task Force (new initiative)

= Coordinate/leverage government-industry resources to accelerate PBN
implementation worldwide

= Ops approval guidance/training

» EUROCONTROL-FAA PBN Airspace Planning seminars
« ICAO-FAA-EUROCONTROL PBN seminars

= 10 worldwide seminars

ICAO-FAA-EUROCONTROL Joint PBN Seminars

* Regional Task Force Participation June 2007 — December 2008
- Bilateral Agreements el P
u Ch|na Santo"'Domingo Cairo :
= Australia A =% N
. . Lindh: Nairobi
« CANSO Operational Standing

Committee
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Regional PBN Task Force Participation

CAR/SAM

Asia-Pacific

Bilateral

RNAV routes assistance visits to China (Beijing)

Australia (Airservices and CASA) 2009

Sponsoring ICAO Fellowship to PBN Program Office

Target to begin Summer 2009

Interim – part-time assignment of RNAV/RNP Group staffer

RNP AR - PANS OPS Procedure Designer Training




Questions?
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PBN Studies on Separation
Completed Since June 2008

« “Analysis of Area Navigation (RNAV/RNP-1) En Route Separation
Along Adjacent Straight Segments With Radar Surveillance Including
Impromptu Routes (Phase Ill),” DOT-FAA-AFS-450-50, March 2009

« “Analysis of Area Navigation (RNAV/RNP-1 and RNP-2) En Route
Separation Along Adjacent Straight Segments Without Radar
Surveillance Including Impromptu Routes (Phase 1V),” DOT-FAA-AFS-
450-51, March 2009

« “Analysis of Area Navigation (RNAV RNP-1 and RNP-2) En Route
Separation Along Adjacent Segments With and Without Radar
Surveillance and With Turns (Phase V),” DOT-FAA-AFS-450-52, March
2009

« “Analysis of Area Navigation (RNAV-2) En Route Separation With
Conventional Routes Without Radar Surveillance Including Impromptu
Routes, DOT-FAA-AFS-450-54,” April 2009
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Examples of Analysis:
Upcoming PBN Studies and Support

* Decision altitude in a turn
* Analysis of navigation system capability
 Flight Standards Aviation Inspector workshops

« Update Flight Standards Aviation Inspector handbook
guidance

» Predictive Receiver Autonomous Integrity Monitoring (RAIM)
services
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