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1.0
Introduction and Background

1.1
The Federal Aviation Administration (FAA) has a comprehensive approach for strategically planning and managing the implementation of oceanic airspace enhancements and separation reductions.  The process is described at a high level through a set of three plans:  (1) The FAA Strategic Plan for Oceanic Airspace Enhancements & Separation Reductions, (2) The FAA Management Plan for Oceanic Airspace Enhancements & Separation Reductions, and the plan contained in this document, (3) The FAA Implementation Plan for Oceanic Airspace Enhancement & Separation Reductions. 
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1.2
The Strategic Plan is a high level plan that was developed through an iterative, collaborative process with FAA, DoD, United States industry representatives as well as representatives from the international aviation community.  The Strategic Plan identifies each of the major oceanic initiatives and lays out the overall strategy for airspace enhancements.  The plan categorizes enhancements in terms of near-term, mid-term and far-term initiatives.

1.3
The Management Plan details the process to change a separation standard or implement an airspace enhancement.  The FAA and the international aviation community generally follow a 3-step process to change a separation standard.  The three steps are: (1) assessment & requirements, (2) planning & preparation and (3) operational implementation.  The process is described in detail in the Management Plan. The critical milestones associated with successful implementation of oceanic airspace changes in general are also presented in the Management Plan.

1.4
This document, hereafter referred to as “The Implementation Plan”, was developed to identify the tasks, the FAA organization(s) who are accountable for completion of the identified tasks, and the FAA resources necessary to ensure successful implementation of each initiative.  The Implementation Plan will provide the results of an evaluation of each of the 17 oceanic airspace initiatives and subsequent prioritization of the initiatives.  The initiatives were evaluated based on operational needs, benefits, costs, level of complexity to implement initiative, timeliness for implementation, priority to users, and priority to the FAA/other CAAs. 

1.5
As each initiative is analyzed and the specific plans for operational implementation are developed, the process and results of each analysis will be documented and appended to this Implementation Plan. 

2.0
Oceanic Airspace Initiatives by Region

The FAA has planned several airspace enhancements and separation reduction initiatives.  These initiatives are in various stages of implementation and include:
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2.1
North Atlantic (NAT) Airspace

2.1.1
The NAT ICAO Region is comprised of the following Flight Information Regions/Control Areas (FIR/CTA):

Bodo Oceanic

Gander Oceanic

New York Oceanic

Reykjavik

Santa Maria Oceanic

Shanwick Oceanic

Sondrestrom
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These FIRs/CTAs are depicted in Figure 2.  Most of the airspace in these FIRs/CTAs is oceanic or high seas airspace within which the ICAO Council has resolved that rules relating to the flight and operation of aircraft apply without exception.
Figure 2 NAT FIRs/CTAs
2.1.2
Minimum Navigation Performance Specifications (MNPS) Airspace is that portion of NAT airspace between FL 290 and FL 410 from latitude 27 degrees North to the North Pole, bounded in the East by the eastern boundaries of control areas Santa Maria Oceanic, Shanwick Oceanic and Reykjavik; and in the West by the western boundary of CTA Reykjavik, the western boundary of CTA Gander Oceanic, and the western boundary of CTA New York Oceanic excluding the area west of 60 degrees West and south of 38 degrees 30 seconds North.  All aircraft operating within MNPS airspace are required to have MNPS approval by the State of Registry or the State of the operator, as appropriate. Figure 3 displays the MNPS airspace.

Figure 3.  MNPS Airspace
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2.1.3
Reduced Vertical Separation Minimum (RVSM) airspace is that vertical portion of MNPS airspace bounded by FL310 and FL390.  RVSM airspace is characterized by a 1,000-foot vertical separation standard, which is reduced from the previous 2,000-foot standard.  RVSM was introduced initially in NAT MNPS airspace on March 27, 1997, and was applied from FL330 to FL370, inclusive.  The flight level band was expanded to the current airspace dimension of FL310 to FL390, inclusive, on October 8, 1998. 

2.1.4 
NAT Initiatives.  The NAT initiatives include Reduced Vertical Separation Minimum (RVSM), 7 minute longitudinal, 30 nm lateral, and 5 minute longitudinal.  

2.2 WATRS.  The West Atlantic Route System (WATRS) is a complex web of crossing fixed routes, which frequently experiences high traffic volume (Figure 4).  Within the WATRS, the heaviest major traffic flow is north-south from the United States to Puerto Rico.  Traffic on this route has a peak in the morning due to the southern push and again during the late afternoon from the northbound push. The WATRS area is defined as follows: 

Beginning at a point 27 00 N/77 00 W direct to 20 00 N/67 00 W direct to 18 00 N/62 00 W direct to 18 00 N/60 00 W direct to 38 30 N/60 00 W direct to 38 30 N/69 15 W, thence counterclockwise along the New York Oceanic CTA/FIR boundary to the Miami Oceanic CTA/FIR boundary, thence southbound along the Miami Oceanic CTA/FIR boundary to the point of beginning.

2.2.1 In 1994, IATA stated a need to increase the airspace capacity in the WATRS airspace, possibly through the implementation or partial implementation of RVSM in that area.  

2.2.2 In November 1995, the WATRS airways were realigned to increase effectiveness and efficiency. A study done in May 1996 compared pre and post realignment data and showed that traffic on ATS Routes A300, A554, and G446 increased.  Traffic capacity on A300 and A554 also increased, allowing controllers to better use a 15 degree divergence separation standard for transition to non-radar airspace.  The decrease in traffic on A523 resulted from the capacity increases on the more efficient ATS Routes A300 and A554.  The increase in traffic on G446 was also a direct result of the realignment and deletion of the WATRS zone system to laterally separate conflicting airways.  The May 1996 study concluded that 82% of flights received their requested altitudes (RALs).  The aircraft that did not receive their RAL were below their RAL both entering and exiting the airspace, which implies that the pilots accepted lower altitudes rather than reroutes.  

Figure 4 WATRS Airspace

2.2.3 Taking into account user concerns and recommendations, and airspace analysis, it was decided that RVSM would be implemented in the WATRS in 2001 from FL 310-390. A phased approach to the introduction of RVSM in the WATRS is probable.  Phase one, to be introduced in 2000, will be limited to traffic en route to or from MNPS airspace; phase two will consist of full implementation in the WATRS region.. 

2.2.4
Future analysis of WATRS traffic should be expanded to include the direction of flight along the airways and at the fixes; fix lists for time periods when there are significant numbers of aircraft below their RALs; the percentage of flights that get their requested routes; and consideration of alignment alternatives and reroutes. Additionally, a thorough analysis of daily upper wind patterns along with the propensity for hurricane activity should be assessed.  

2.2.5 In order to implement Phase Two RVSM, and for any other separation reduction initiatives, an amendment for Regional Supplementary Procedures (Doc 7030) for the NAT/NAM/CAR containing the criteria to implement operational enhancement/reduced separation standards should be developed and submitted to the ICAO Paris Regional Office.  Corresponding changes to applicable domestic publications may also be needed.

2.3
The Pacific Airspace

Figure 5 - Pacific Airspace

2.3.1
The FAA, along with states and operators, is beginning implementation of Required Navigation Performance (RNP) as part of a worldwide ICAO effort to implement CNS and ATM concepts. To support this effort, the Informal Pacific ATC Coordinating Group (IPACG) has developed plans to implement 50 nm lateral separation in the North Pacific (NOPAC), Central Pacific (CENPAC) and the Central East Pacific (CEP) routes based on approval of RNP-10 capability for the entire route of flight.  The reduction from 100 nm to 50 nm reduces the overall complexity of each of these airspace regions from an ATC standpoint.  Each of these route systems contains major east/west traffic flows and the introduction of the 50nm lateral separation minimum will reduce crossing traffic complexity.  Additionally these create the potential for more optimum routings on the minimum time and fuel tracks. In some areas in which convective weather activity frequently occurs, the necessity for an enhanced level of communication is being carefully considered. 

2.3.2
RNP-10 lateral separation was successfully implemented in the NOPAC Composite Route System (CRS) on April 23, 1998 in an altitude stratum from FL310 to FL390 inclusive. Composite separation consists of simultaneous application of reduced lateral separation between adjacent parallel routes and staggering the usable flight levels on such routes so that two aircraft on adjacent routes are separated laterally by one-half the applicable lateral separation standard and vertically by one-half the applicable vertical separation standard.  The modification of the NOPAC from a CRS to a RNP-10 50 nm lateral system greatly increased the efficiency of the airspace.  This includes all fixed or flexible tracks (W460, B327, Pacific Organized Track System (PACOTS), etc.) which join, cross or diverge from the NOPAC. Over 98% of the aircraft that flew in the NOPAC were RNP-10 approved. 

2.3.3
Implementation of a 50 nm lateral standard occurred on December 3, 1998 in the Central Pacific (CENPAC) area.  Initially this standard was applied to the Westbound Pacific Organized Tracks (PACOTS), actual track spacing being adjusted to mitigate aircraft exposure to forecast convective weather.  Subsequent appli​cation to the remaining PACOTS routes in the CENPAC is expected in July 1999.  Application of a reduced lateral standard in the Central Pacific will provide immediate benefits to airspace users and air traffic controllers alike.  The Pacific Organized Tracks (PACOTS), published daily with respect to wind forecasts, will be closer to the favorable winds offering large potential fuel savings.  Other benefits include reduced complexity for ATC, potential delay reduction, and enhanced service to the user.

2.3.4 
The Central East Pacific (CEP) Composite Route System, fixed routes between the North American West Coast and Hawaii, is to be converted to an RNP-10 50 nm lateral environment February 24,  2000.  Implementation date of RNP-10 in the CEP will coincide with the implementation of RVSM in the Pacific.  Because this area of the Pacific is known to have frequent occurrences of convective weather, steps are being taken to ensure adequate communications response time and procedures in the event of a required deviation around such weather phenomena.  The benefits of applying a 50 nm lateral standard in the CEP are expected to be similar in scope to those experienced in the NOPAC and CENPAC.  

2.3.5
In addition to the Pacific areas of application targeted by the IPACG, the FAA intends to apply an RNP-10 50 nm lateral separation standard in the South Pacific (SOPAC). The major routes in the SOPAC are the Pacific Organized Tracks System (PACOTS) tracks between the U.S. West Coast and Sydney/Auckland which are generated daily based on forecast upper wind data.  The application of a 50 nm standard along these routes, which are frequently in excess of 15 hours, will provide enormous user benefit by allowing aircraft to fly closer to the ideal wind core thus providing fuel and time savings. 

2.3.6 
RNP-10 also allows for a change in the longitudinal component of horizontal separation from 15 minutes to 50 nm.  Because this application requires the controller to obtain the aircraft position every 30 minutes, it has been deemed that this standard will not be applied extensively in the Pacific until enhanced surveillance capabilities are available.  Short-term application to be used for climb/descent through the altitude of another aircraft will be applied in an operational testing phase in 1999. The next phases of Reduced Horizontal Separation Minimum in the Pacific will move towards 30 nm lateral and longitudinal separation based on Required Navigation Performance and Enhanced Surveillance.

2.3.7
Development of Pacific RVSM is progressing with a target implementation date of February 2000 within the entirety of the Anchorage and Oakland FIRs from FL 290 to FL 390, inclusive. Although the application of RVSM will be exclusionary, accommodations will be made for unapproved State aircraft and certain ferry or maintenance flights with prior coordination.  Where possible, transition to/from RVSM exclusionary airspace will be conducted under radar surveillance. The westbound Pacific Organized Track System (PACOTS) will be track loaded at appropriate altitudes for direction of flight.  Aircraft joining the NOPAC routes from a published transition track can expect to be assigned even altitudes.

2.3.8 
The implementation of the Pacific RVSM initiative is expected to be comparatively less time consuming than the implementation in the North Atlantic as the fundamental requirements for the aircraft and operators have been established in the NAT. Benefits in the Pacific are expected to be similar to those we see in the NAT region: more efficient flight trajectories, delay reduction, increased controller flexibility, and fuel savings. First year savings in the NAT attributed to RVSM were reported by the user community as $32 million.

2.3.9
The In-Trail Climb/In-Trail Descent (ITC/ITD) initiative makes use of Airborne Collision Avoidance System/Traffic Alert and Collision Avoidance System (ACAS/TCAS), air-to-air Very High Frequency (VHF) communications, and HF communications. ITC/ITD procedures are modeled after a current non-radar separation rule found in Procedures for Air Navigation Services Rules of the Air and Air Traffic Services, (PANS) RAC Doc 4444, Part III.  The enabling legislation for the application of the ITC/ITD procedure during the operational trials is based on an interpretation of the existing ICAO documents. Operational trials of this initiative have been conducted in Oakland and Anchorage Flight Information Regions (FIRs) since 1994 with United and Delta airlines.  Data collected from pilot and controller reports, archived pilot/controller communications, and operational interviews for the September 1994 to March 1996 timeframe indicate that the procedure is safe and was found to be useful by pilots and controllers.  Based on this data, the next phase of operational trials began with six additional airlines - American, Air New Zealand, Canadian, Cathay Pacific, Hawaiian and Singapore Airlines.  The operational trials will assist in the development of new requirements for Broadcast Automatic Dependent Surveillance (ADS-B) enhancements to Cockpit Display of Traffic Information (CDTI) necessary for future airspace enhancements.

2.3.10
The Dynamic Aircraft Route Planning (DARP) initiative provides for the capability to update/revise the route of flight while an aircraft or a group of aircraft are enroute.  Phase 3 is seen as a critical step toward the industry and FAA goal of Oceanic Free Flight.  DARP allows a user to take advantage of a more efficient trajectory when a revised forecast is available to the Traffic Management Unit (TMU).  The TMU is then able to publish a new track.  An aircraft may take advantage of this trajectory for the remainder of its route, thus saving time and fuel.  In the Pacific, DARP is planned in three phases:

Phase 1:  ATS supplied single group reroutes (Started – Apr. 99)

Phase 2:  User supplied individual original track and single reroutes: between nominated city pairs, anywhere in the region (TBD)

Phase 3:  User supplied individual original track and multiple reroute anywhere in the region (TBD)

2.3.11 
A working paper on the application of 10 minutes longitudinal separation without the application of Mach Number Technique (MNT) was presented to the 13th meeting of the ICAO Review of the General Concept of Separation Panel (RGCSP) meeting in October, 1997.  The Panel considered that the present technology onboard aircraft was mature enough to provide for frequent determination of speed and position independent of ground based navigation aids, and therefore could provide for greater flexibility in the application of the 10 minute longitudinal separation minimum.  The Panel also recommended that operational trials and demonstrations be conducted by the United States to collect sufficient data to support an amendment proposal to the ICAO Doc 4444 PANS/RAC.  The United States agreed to conduct these operational trials within a single FIR. Trials began in the Oakland Oceanic FIR in January 1999; initial analysis indicates that the technique is not only feasible, but also operationally advantageous to controller and operator alike. 

3.0
Evaluation of Initiatives

3.1
NAT Initiatives

3.1.1
The best source for the assessment of costs and operational benefits for NAT CNS/ATM enhancements is the work performed under the auspices of the NAT Implementation and Cost Effectiveness (NICE) Group.  This group began meeting in 1996 and includes participants from the United States, Canada, the United Kingdom and IATA.  The overall goal of the group’s work is to evaluate various separation reductions and provide guidance to the NAT Implementation Management Group (IMG) in terms of optimizing benefits to be gained through strategic airspace planning.

3.1.2
The results of the NICE studies are summarized in the following paragraphs.  Three scenarios were simulated as described below:

· Scenario 1: Current separation scenario (2000 ft. vertical, 60 nm lateral, 10 minute longitudinal)

· Scenario 2:  The RVSM 1000 ft. scenario (1000 ft. vertical, 60 nm lateral, 10 minute longitudinal)

· Scenario 3:  The RVSM 1000 ft. / RLSM (Reduced Longitudinal Separation Minima) 7 minute scenario (1000 ft. vertical, 60 nm lateral, 7 min longitudinal)

Scenario
Fuel Consumed
Communication
Step Climb Requests
Step Climbs Granted
Conflicts Detected
Conflicts Resolved

Scenario 2 (The RVSM 1000 ft. scenario) 
-0.90711%
9.56%
30.28%
67.7%
-12.74%
-19.44%

Scenario 3 (The RVSM 1000 ft. / RLSM (Reduced Longitudinal Separation Minima) 7 min scenario)
-0.99691%
8.98%
25.70%
70.7%
-21.68%
-45.16%

Table 1. NICE Studies Scenario Results

3.1.2.1
The fuel consumption calculations show a savings of –0.90711% for RVSM as compared to the current system.  The RVSM 1000 ft. / RLSM 7 minute scenario showed an additional –0.089% savings.  Doubling the available flight levels, as was done in the RVSM scenario proved to create the largest fuel savings, reducing the longitudinal separation showed a smaller increase in fuel savings.  

3.1.2.2
The communications calls for scenarios two and three are higher than the baseline system.  This is attributed to the increase in step climb requests.  The amount of step climb requests increased by 30.28% for the RVSM scenario and 25.70% for the RVSM/RLSM.  The communication count includes two counts for each step climb request.  The number of step climbs granted increases with the number of step climbs requested.

3.1.2.3
The number of conflicts detected are lower for scenarios two and three than that of the baseline system.  This is attributed to the increase in the available MNPS airspace creating more optimal flight paths.

3.1.2.4
The number of conflict resolutions performed decreased from the RVSM and RVSM/RLSM scenarios as compared to the baseline.  This is attributed to the decrease in the number of conflicts detected.  Each detected conflict may result in several resolutions.

3.1.2.5
The percentage of flights resolved to entry flight levels other than their requested entry flight level decreases as the flight separation minima decreases.  The percentage of flights receiving their requested entry flight level is 56.14% for the current separation, 61.70% for RVSM and 64.16% for RVSM/RLSM.

3.2 
WATRS RVSM – In a preliminary benefits analysis, MITRE found the fuel savings with the implementation of RVSM in the WATRS area to be between one and two percent. For non-RVSM equipped aircraft the fuel penalties typically range from about two to five percent.  The analysis also found that if all aircraft are approved for RVSM operations, in other words the airspace was exclusionary, the overall fuel savings for all aircraft would still be between one to two percent

3.3 
Pacific RVSM - The MITRE Corporation conducted a benefits analysis that calculated the fuel saving associated with the implementation of RVSM in Pacific airspace to be 1.1%.  A significant portion of the fuel savings was attributed to one additional favorable entry altitude, and the ability to reduce fuel necessary for contingency altitude planning in an RVSM environment.  In addition, the MITRE benefits analysis found that if RVSM were used to minimize contingency altitude planning, the fuel savings would be even greater.  The cost analysis conducted by CSSI Inc., in support of Pacific RVSM rulemaking efforts, found that the cost to equip all commercial and general aviation aircraft for U.S. operators would be $28.0 million.  The estimated benefits based only on fuel savings however, would be more than five times greater or $156.4 million.  Additional benefits of implementing RVSM were as follows: (1) availability of added tracks; (2) increased controller flexibility to clear aircraft for efficient step (en route) climbs; and (3) increased controller flexibility to route aircraft to appropriate tracks.

3.4
Prioritization of Initiatives

3.4.1
In order to set implementation priorities and assign resources to the separation initiatives, a set of evaluation criteria was developed.  All cost and benefit information listed previously was considered.  The evaluation criteria and scoring factors are defined in the table below:

Evaluation Criteria
Description
Scoring Factors

Operational Needs
The level of need as determined by the current traffic and the ability of the air traffic control system to manage the airspace
3 - Highest

1 - Lowest

Financial Benefits to Users
The fuel savings, delay reduction, and crew savings that are expected


Cost to Implement
The total cost of implementation including aircraft equipment, ground systems, training, and, documentation


Priority to Users
The demand for the initiative as stated by the user community


Priority to FAA/harmonization with other CAAs
The importance of the initiative with respect to similar initiatives in other regions


Table 2. Evaluation Criteria Descriptions and Scoring Factors

3.4.2
Each initiative is evaluated and scored in terms of the evaluation criteria in the following table:

Operational Needs
Financial Benefits to Users
Cost to Implement
Complexity to Implement
Priority to Users
Priority to FAA and CAAs
Summary

50 LAT NOPAC (RNP-10)
2
2
3
3
2
2
14

50 LAT CENPAC (PACOTS)
2
2
3
3
2
2
14

50 LAT CEP
2
1
2
2
3
2
12

50 LAT SOPAC*
1
1
3
3
2
2
12

50 LAT ALL PAC
2
2
3
2
2
2
13

30/30 ALL PAC (IC)**
1
2
2
1
2
1
9

30/30 ALL PAC
1
2
1
1
2
1
8

DARP SOPAC
1
3
3
3
2
2
14

10 min No MNT
2
1
3
3
2
2
13

Pacific RVSM
2
3
2
2
3
1
13

50 LONG (limited)
2
3
2
3
1
1
12

50 LONG Extensive Use
2
2
2
2
1
1
10

WATRS RVSM
2
2
2
1
3
2
12

30 LAT NAT
1
1
1
1
2
1
7

NAT RVSM FL310-390
2
2
3
3
2
2
14

5 min LONG NAT
1
1
1
1
1
1
6

7 min LONG NAT
1
1
2
1
1
1
7

* Routes will be generated 1 degree apart using the minimum separation standard of 50 nm.

** IC = Initial Capability
Table 3. Oceanic Initiative Evaluation Criteria Results

3.4.2.1
All initiatives that scored at least 13 were considered to be high priorities.  All initiatives that scored at least 7 were considered to be medium priorities.  Initiatives scoring under 7 were considered to be low priorities.

3.4.2.2
The outcome of this evaluation exercise resulted in the FAA’s prioritization scheme with regard to oceanic separation initiatives and is summarized in the next section of this document (Section 4, Conclusions and Summary).

4.0
Conclusions and Summary

4.1
In addition to the analytical process that was used to evaluate the oceanic separation initiatives, operational judgment and input from the affected air traffic control centers were used to establish implementation priorities.  The oceanic separation initiatives are organized by priority in the following table:

Priority*
Initiative & Area
Implementation Date

HIGH
1.
50 LAT (RNP-10) NOPAC 

2.
10 min NO MNT 

3.
RVSM NAT MNPS FL310 and FL390 

4.
50 LAT** CENPAC (PACOTS) 

5.
DARP SOPAC 

6.
50 LAT (RNP-10) CEP 

7.
50 LAT** SOPAC 

8.
50 LAT ALL PAC 

9.
RVSM PAC 

10.
RVSM WATRS
1.
April 23, 1998 

2.
January, 1999 (Ops Trials) 

3.
October 8, 1998 

4.
December 3, 1998 

5.
April 1999

6.
February 24, 2000 

7.
TBD 

8.
TBD 

9.
February 24, 2000 

10.
2001

MED
1.
50 LONG (Limited) PAC 

2.
50 LONG Extensive Use PAC 

3.
30/30 PAC (IC)*** 

4.
7 min. LONG NAT 

5.
30 LAT NAT 

6.
30/30 ALL PAC
1.
1999 

2.
TBD, Pending ADS 

3.
TBD, Pending ADS 

4.
2000-2001 

5.
2001-2002 

6.
TBD, Pending ADS

LOW
1.
5 min. LONG NAT
1.
TBD

*All High Priority Programs are considered to be equal within the grouping, i.e. RVSM PAC and WATRS have equal priority. The Medium and Low Priority Programs have been prioritized within each of the groups, i.e. 50 LONG (Limited) PAC is the first priority following all high level items, 30/30 PAC is the third priority. This prioritization may change in the future and may be relevant due to resources in the FY99-05 timeframe.

** Routes will be generated 1 degree apart using the minimum separation standard of 50 nm.

*** IC = Initial Capability

Table 4. Prioritization of FAA Oceanic Initiatives












Figure 1 - Oceanic Airspace Initiatives
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