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ABSTRACT On January 16, 2007, the U.S. Federal Aviation Administration (FAA) issued revised regulatory material relating to the operation of all aircraft on flights with the potential for extended time diversions. As a result, the term ETOPS has been redefined as “Extended Operations” and now includes the operation of all transport aircraft, regardless of the number of engines (except AllCargo operations of airplanes with more than 2-engines), further than specific threshold times from available enroute diversion airports. The new FAA rules, while still limiting two-engine airplanes to routes that remain within 60 minutes from an Adequate Airport, unless the operator is approved for ETOPS, will now allow two-engine airplanes to be flown on ETOPS routes with diversion times greater than 240 minutes flying time in certain geographic regions. Passenger airplanes with more than two engines will also be required to meet ETOPS requirements under the new rules, whenever they are operated more than 180 minutes from an Adequate Airport. ETOPS Operational Approvals may be granted to operators if the airframe/engine combination being used has been approved for such flights and the operator has established acceptable operations and maintenance programs. FAA Advisory Circulars, AC 120-42B and AC 135-42, provide guidelines for the additional operations, maintenance, reliability and training programs that are required of an FAA ETOPS operator. Type Design Approval of ETOPS aircraft is now the subject of FAR Parts 21, 25, and 33, including the requirements for ETOPS Type Design Approval at the time of initial Type Certification, or “Early ETOPS”. Aircraft used in ETOPS service must be configured and maintained in accordance with a Configuration, Maintenance and Procedures (CMP) document approved by the regulatory authorities. The operator's maintenance, operations, training and reliability programs must be supplemented to include special ETOPS requirements. Guidance material is also provided for airlines that are seeking approval to operate on ETOPS routes, including ETOPS at entry into service with an airframe/engine combination that is new to their fleet. This type of Operational Approval is referred to as "Accelerated ETOPS". A Generic ETOPS Operational Approval Plan Template, which can be modified by the operator to create a customized ETOPS Approval Plan, is included in Appendix E. Flight Operations on routes that transit North of 78 Degrees North Latitude, or South of 60 Degrees South Latitude are now subject to FAA Part 121 and Part 135 regulations. Operators wishing to operate in these Polar Areas must obtain a Polar Operational Approval prior to conducting such operations. Additional MMEL limitations are applied to Polar operations and operators must establish Passenger Recovery Plans specific to each possible diversion airport that would be used to support these operations. A Fuel Temperature Monitoring Program must also be established by the operator.
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OPERATIONAL GUIDELINES AND METHODS SECTION 1 – INTRODUCTION



1. INTRODUCTION 1.1



Purpose



The purpose of Volume III of the Boeing ETOPS Guide is to assist operators who are making an application for ETOPS Operational Approval to their regulatory agency. The recommendations and methods in this guide are based on accepted procedures that fulfill the requirements of most regulatory authorities around the world. This is a direct consequence of the dedicated efforts of the various agencies involved to harmonize their individual requirements to essentially global definitions of ETOPS requirements. The basic point of view of this document is based on the U.S. Federal Aviation Administration (FAA) Code of Federal Regulations, which were revised to in 2007 to include the requirements for aircraft, engines, and operators that are used in ETOPS Service. Although many countries with ETOPS operators publish their own national ETOPS requirements, it is not practical to attempt to reference each country’s regulations. For the most part, they are all derived from the following list of primary ETOPS publications: •



Title 14 of the US Code of Federal Regulations 14 CFR Parts 1, 21, 25, 33, 121, & 135;



•



International Civil Aviation Organization (ICAO) Standards and Recommended Practices (SARPS) (revision to be published late 2008 and in 2009. State Letters were issued in September 2007, but were recalled in early 2008);



Where differences still exist between the requirements of the FAA and another specific country’s ETOPS rules, the issues will be addressed to the maximum extent practical in separate appendices to this document, which will be published as new regulations become available. The FAA has also published new Advisory Circulars AC120-42B, and AC135-42 which contain additional guidance material on ETOPS and Polar Practices and Procedures, as well as specific guidance for obtaining ETOPS Operational Approval.



REV 2 March 6, 2009



D6-36132 BOEING ETOPS GUIDE - VOLUME III



PAGE 1.1



OPERATIONAL GUIDELINES AND METHODS SECTION 1 - INTRODUCTION



1.2



Background



Background: Although originally evolving during the era of piston-engine airplanes, the requirements of 14 CFR 121.161 were effective and flexible enough initially to accommodate the increased reliability of the turbine-powered airplanes. With the advent of a new generation of twin-engine airplanes in the 1980s that had significant improvements in range, payload and reliability, a desire arose to take advantage of the capability of these airplanes and to establish conditions under which operations with potentially long diversion times with these airplanes could be conducted safely. AC 120-42 in 1985 and AC120-42A in 1988 recognized the increasing reliability of turbojet engines and helped to establish type design and operational practices for safe and reliable ETOPS operations with two-engine airplanes. As the technology and reliability of twin-engine airplanes continued to improve due, in a large measure, to the requirements of these documents, such operations became compatible with those long range operations typically associated with three and four-engine airplanes. At the same time this technology brought twins to the arena of long range operations, the infrastructure to support such operations was changing. Political and funding priorities forced the closure or reduction in basic services of a number of airports, both military and civilian, in remote areas that historically had been used as diversion airports for routes over oceanic and/or desolate land areas. The increasing use of Polar flights, while creating economic benefits, has brought new challenges to the operation. This reduction in operational infrastructure began to significantly impact the viability of all long-range twin-engine operations under current regulations and likewise began to erode the basic safety net that long-range operations in three and four engine aircraft had relied upon. Due to these pressures and to the increasing commonality of all long-range operations, the data began to show that ETOPS requirements and processes are generally applicable to all long range operations including those by three and four engine airplanes and would improve the safety and viability of all long range operations. The reliability and system architecture of modern twin engine airplanes, developed specifically to address the requirements of AC120-42A, have begun to meet or exceed the capabilities of current three and four-engine long range airplanes and it was believed that all long range airplanes, regardless of the number of engines, needed a viable diversion airport in the case of onboard fire, medical emergency or catastrophic decompression. Ensuring availability of en route alternate airports, adequate fire fighting coverage at these airports, and fuel planning to account for depressurization are sound operational practices for all airplanes, including three and four-engine airplanes. Likewise, all airplane time critical systems should account for the maximum allowable diversion and worst-case scenarios. To address these issues, a reasonable approach was to demand that many of the ETOPS requirements, which were based on sound safety principals and were successfully proven over many years of operations, should be applied to all operations which had potential extended diversion times to alternate airports. 14 CFR 121.161 has now been changed to include passenger airplanes with more than two engines in long-range operations. Accordingly ETOPS, which was defined as ‘extended range operations with two engine airplanes,’ has been re-defined as ‘Extended Operations’ to enhance the safety and reliability of all long range operations and to include the operations of passenger airplanes with more than two engines.
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OPERATIONAL GUIDELINES AND METHODS SECTION 1 – INTRODUCTION



1.2.1 New FAA ETOPS Rules As of February 15, 2007, FAR 121.161 and 135.364 establish the requirement that all airplanes operated under Federal Aviation Regulations FAR Part 121 and Part 135, regardless of the number of engines, (except all-cargo airplanes with more than two-engines), must remain within specific threshold times from an adequate enroute alternate airport. The authorization to operate beyond these threshold times is defined as Extended Operations, or ETOPS, and the distance corresponding to the threshold time is determined in Still Air, Standard Day conditions. For two-engine airplanes operated under Part 121, an ETOPS authorization is required if the threshold time of 60 minutes is exceeded. For passenger airplanes with more than 2 engines, the threshold time is 180 Minutes. All airplanes, regardless of the number of engines, operated under Part 135 have a 180 minute threshold time, (except all-cargo airplanes with more than twoengines). Similar requirements exist in the operations oriented regulations of many other countries, typically based on either the FAA guidelines or the Standards and Recommended Practices (SARP) of ICAO Annexes 6 and 8. A few countries (Australia, Brazil and others) may limit two-engine airplanes to 75 or 90 minutes from an Adequate Airport, but most countries use a 60 minute threshold time. Differences between FAA and other national ETOPS rules will be covered in Appendices to this document. 1.2.2



ETOPS Approvals



Before ETOPS revenue service can be started, there are two distinct approval steps that must be completed. First the airplane manufacturer must obtain ETOPS Type Design Approval from the applicable regulatory agencies for the specific airframe/engine combination. Second, the operator must obtain ETOPS Operational Approval from the applicable regulatory agency. FAR Part 25 §25.3, §25.1535, and Appendix K to Far Part 25 define the requirements for an airframe/engine combination to be granted an ETOPS Type Design Approval. Specific certification requirements also exist for turbine engines that are to be certified for ETOPS and these are now published in FAR Part 33, mostly in Subpart G. Three methods of complying with these requirements are defined: one involving specified amounts of revenue service experience with the specific airframe/engine combination; the second allowing ETOPS Certification simultaneously with basic airplane certification; and the third as a combination of the first two methods. The methods for an operator to obtain an ETOPS Operational Approval are defined in Appendix 3 to FAA Advisory Circular AC120-42B. In a manner similar to the type design process, there are two methods of seeking the ETOPS Operational Approval. The first involves operator revenue service experience with specific airframe/engine combination that it intends to operate in ETOPS service. The second allows for a reduction in the required in-service experience, including the provision for receiving ETOPS Operational Approval at entry into service. As is the case with all Advisory Circulars, these methods of seeking an Operational Approval represent a recommended method of compliance, but not the only method that may be used. Operators are free to propose alternate methods of compliance to the FAA.
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Additional discussion is provided in the following two sections on the differences between the various methods of compliance for ETOPS Type Design Approval and ETOPS Operational Approval. 1.2.2.1



ETOPS Type Design Approval



During the Type Design Approval process, the manufacturer must show that the airframe and propulsion systems for a particular airplane can achieve a sufficiently high level of reliability, thereby assuring that safe extended range operations may be conducted. ETOPS Type Design Approval must be obtained separately for each airframe/engine combination, and in some instances, must be obtained from more than one country’s regulatory agency. There are currently three methods of obtaining an ETOPS Type Design Approval as describe in Appendix K to Far Part 25. They are the “Service Experience Method”, the “Early ETOPS Method”, and the “Combined Service Experience and Early ETOPS Method”. The “Service Experience Method” is essentially a codification of the experience requirements for ETOPS Type Design Approval that were used on the first generation of ETOPS airplanes, such as the Boeing 757 and 767. In general, a minimum of 250,000 engine-hours are required on the candidate engine/airframe combination, and for twin engine airplanes, specific levels of engine reliability, stated in terms of the In-Flight Shutdown rate (IFSD), are required. A demonstrated IFSD rate of 0.05 or less per 1000 world-fleet engine-hours, based on a 12-month rolling average, is required for ETOPS Type Design approval up to and including 120-minutes. However, as a new requirement in the 2007 rules, if the submitted IFSD rate is greater than 0.02 per 1000 engine-hours, the manufacturer/applicant must present a list of corrective actions to the FAA that have been identified and published in the CMP document, that when taken, will result in the IFSD rate reducing to 0.02 or less per 1000 engine-hours.. For approval up to and including 180-minutes, the required IFSD rate is 0.02 or less per 1000 engine-hours. And for a “Beyond-180-Minutes” ETOPS Type design Approval, the required IFSD rate is 0.01 or less per 1000 engine-hours. Airplanes with more than two engines are exempted from the IFSD rate requirements based on the FAA’s acceptance of the safety case that current engine reliabilities and the level of engine redundancy on such airplanes is sufficient to protect such operations. The manufacturer seeking an ETOPS Type Design Approval via the Service Experience Method must first obtain 250,000 engine hours of service experience on the airframe/engine combination and then must also conduct an airplane flight test to validate the flight crew’s ability to safely conduct an ETOPS diversion with an inoperative engine and worst-case ETOPS Significant System failures and malfunctions that could occur in service. The flight test must validate the airplane’s flying qualities and performance with the demonstrated failures and malfunctions. The “Early ETOPS” method allows a manufacturer to seek an ETOPS Type Design Approval for a new airframe/engine combination, prior to the airplane being introduced into service. The airframe manufacturer must thoroughly document the analysis and testing performed on the candidate airframe/engine combination, as well as any corrections required to manufacturing, operational, and maintenance processes and procedures that occur during the airplane certification process. This problem tracking and resolution system continues after the



PAGE 1.4



D6-36132 BOEING ETOPS GUIDE - VOLUME III



REV 2 March 6, 2009



OPERATIONAL GUIDELINES AND METHODS SECTION 1 – INTRODUCTION



airframe/engine combination receives ETOPS type design approval in accordance with FAR Part 21, §21.4(a). The candidate engines must be certified in accordance with FAR Part 33, in particular, §33.201. And at least one candidate airframe/engine combination must be subjected to sufficient flight test demonstrations to show that the airplane, its components, and equipment are capable of functioning properly during ETOPS flights and diversions of the longest duration for which the applicant seeks approval. ETOPS certification can be pursued and granted simultaneously with the basic airplane Type Certification, as was accomplished for the first time on the Boeing 777. The “Combined Service Experience and Early ETOPS Method” can be used if a candidate airframe/engine combination has some service experience, but not enough to qualify for the service experience method. An applicant may substitute 15,000 engine-hours of world-fleet service experience for the rigorous airplane demonstration test required by the Early ETOPS method. In place of the airplane demonstration test, this method allows the much less rigorous flight test required for the service experience approval method. Otherwise, the combined method requires all of the design, analyses, and testing required by the Early ETOPS method. Table 1A shows the status of the Boeing Fleet as of September 2008. All Boeing two-engine airplanes in current production have been ETOPS Type Design Approved for 180-minutes diversion time. Boeing intends to seek a “Beyond-180-Minutes” ETOPS Type Design Approval for the Boeing 787 simultaneously with the basic airplane Type Certification. Boeing will also seek “Beyond-180-Minutes” ETOPS Type Design Approval for various models of the Boeing 777. Boeing also plans to achieve an ETOPS Type Design Approval for the 747-8 simultaneously with the basic airplane Type Certification. As stated in FAR §25.3.(c), airplane models with more than two-engines that are manufactured prior to February 17, 2015 are exempted from requiring ETOPS Type Design Approval. The Boeing 747-400 and MD-11 will both be out-ofproduction by 2015 and are therefore exempt from the requirement for an ETOPS Type Design Approval. However, they will still be eligible for use on ETOPS routes. Operators may access up-to-date information on type design approval status of all Boeing airplanes through the “Extended Operations” link on MyBoeingFleet.com.
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Airplane



Engine Type



MD-80



JT8D-217C/-219



FAA Approval for 120-Minutes Nov 1991



717-200



BR715



75-Minute May 2004



737-200



JT8D-9/-9A JT8D-15/-15A JT8D-17/-17A



Dec. 1985 Dec. 1986 Dec. 1986



737-300/-400/-500



CFM56-3



Sept.1990



737-600/-700/-800 -900 -900ER



CFM56-7



Dec.1998



Sept 1999 Apr. 2001 Apr. 2007



CFM56-7



Dec.1998



Sept. 1999



RB211-535C RB211-535E4 RB211-535E4B PW2000 RB211-535E4 PW2000



Jul 1990 Dec. 1986 Sept.1992 Mar. 1990



Jul. 1990 Jul. 1990 Sep. 1992 Apr. 1992 Jan. 1999 FAA/JAA Jun. 2002



JT9D-7R4D/E JT9D-7R4E4 CF6-80A/A2 CF6-80C2 PMC CF6-80C2 FADEC PW4000 RB211-524H CF6-80C2 PMC CF6-80C2 FADEC



May 1985 May 1985 Aug. 1985 May 1988 Mar. 1991 Apr. 1990 Mar. 1991



Apr. 1990 Mar. 1991 Apr. 1989 Apr. 1989 Jun. 1993 Jul. 1993 Mar. 1993 Jun 2008 Jul. 2000



BBJ Boeing Business Jet 757-200/ -200PF 757-300



767-200/ -300



-300 BCF -400



July 2000



FAA Approval for 180-Minutes



Table 1A Boeing ETOPS Type Design Approvals As of September 2008



PAGE 1.6



D6-36132 BOEING ETOPS GUIDE - VOLUME III



REV 2 March 6, 2009



OPERATIONAL GUIDELINES AND METHODS SECTION 1 – INTRODUCTION



Airplane



Engine Type



FAA Approval for 120-Minutes



747-400 MD-11



All All



N/A N/A



N/A N/A



N/A N/A



FAA Approval for Beyond-180Minutes Not Required Not Required



747-8



All



N/A



N/A



N/A



At E.I.S



777-200



PW4074 PW4077 JAA Aug. 1995 GE90-76B JAA Oct 1996



Trent 875 877 & 884 777-200ER PW4090



JAA Apr. 1997



GE90-85B/90B GE90-94B Trent 884 Trent 892



JAA Apr. 1997



Trent 895



JAA Apr. 1997



777-200LR GE90-110B 777F GE90-110B 777-300 PW4090 PW4098 Trent 884 Trent 892 777-300ER GE90-115B 787-3 787-8 787-9



All All All



FAA Approval for 180-Minutes



May 1997 May 1995 JAA Jun 1999 Oct. 1996 JAA May. 1997 Oct. 1996 JAA May 1997 Mar. 1997 JAA Jul 1999 Feb. 1997 JAA Aug. 1997 Oct 2000 JAA Nov 2000 FAA/JAA Apr. 1997 Apr 1997 JAA Feb 1998 FAA JAA Jan 2000 FAA/JAA Feb. 2006 FAA/EASA Feb. 2009 Jun 1998 Aug.1999 May 1999 May 1998 JAA Jun 1998 Mar. 2004 At E.I.S.



FAA Approval for 207-Minutes



Apr 2000 Apr 2000



*TBD *TBD



Apr 2000



*TBD



Apr 2000



*TBD



Apr 2000



*TBD



Apr 2000



*TBD *TBD



Apr 2000 Apr 2000



*TBD *TBD



Feb 2000



*TBD



Feb 2006



*TBD *TBD *TBD *TBD *TBD *TBD



Oct 2004



*TBD



*TBD



N/A At E.I.S. At E.I.S.



*Note: The current status of a Boeing airplane’s ETOPS Approval can be checked online via MyBoeingFleet.



Table 1A Boeing ETOPS Type Design Approvals As of September 2008 (Continued)
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1.2.2.1.1



Time Limited Systems



Although it is self-evident that the overall safety of an ETOPS operation cannot exceed the reliability of the engines, it was recognized from the beginning of ETOPS in 1985, that there are other aircraft systems in addition to the engines which must perform properly in order to ensure a safe diversion to an alternate airport. The Cargo Fire Suppression System is an example of one such system and it was required by the original ETOPS guidance materials to have a capacity that exceeded the certified ETOPS Type Design Approval Time by 15 minutes to allow for the approach and landing at the alternate airport. With the publication of the new ETOPS rules in 2007, the requirements for ETOPS Type Design have been expanded to require manufacturers to specify any time limitation, if one exists, for all ETOPS Significant Systems (CFR Part 25 §K25.1.3.(c)). Obviously, the Cargo Fire Suppression System is one such capability that must be identified, but other possible time limited systems will vary from one airplane design to another, depending on the specific system architecture. The AC120-42B specifies that the defined time limits for the two most limiting systems (including the Cargo Fire Suppression System) must be identified in the Configuration Maintenance Procedures (CMP) or Aircraft Flight Manual (AFM) (or any other FAA-approved manufacturer’s document so that operators can use these time limits to comply with the operating rules in CFR Part 121 and Part 135. 1.2.2.1.2



Airplane flight Manual ETOPS Statement



After the airframe/engine combination has been granted ETOPS Type Design Approval, a note similar to the following FAA examples is inserted in the Airplane Flight Manual. On those airplanes that applied for their Type Design Approval prior to February 2007, in accordance with the Service Experience Method of AC 120-42A, the AFM statement is as follows: The type design reliability and performance of this airplane/engine combination has been evaluated in accordance with FAA Advisory Circular 120-42A and found to be suitable for extended range operations when configured with Boeing Document D6T11604, 'Configuration, Maintenance, and Procedures for Extended Range (ER) Operation". This finding does not constitute approval to conduct extended range operations. On 777 airplanes, the ETOPS Type Design Approval was granted as the first “Early ETOPS approval using an FAA Special Condition 25-ANM-84-FAA. An example of the AFM wording for the 777 follows: The type design reliability and performance of this airplane/engine combination has been evaluated in accordance with 25-ANM-84-FAA Special Condition: “Extended Range Operations of the Boeing 777 Series Airplane”, dated July 1, 1994, and found suitable for extended range operations. This finding does not constitute approval to conduct extended range operations. On airplanes for which initial ETOPS Type Design application is made after February 2007 and on all airplane/engine combinations that are approved for Beyond-180-Minutes ETOPS, in
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accordance with the new FAR Part 25 requirements, the AFM words will be similar to the following example: The type design reliability and performance of this airplane/engine combination has been evaluated in accordance with 14 CFR 25.1535 and found suitable for a maximum of 240 minutes extended range operations when configured in accordance with Boeing Document D6T11604 "CONFIGURATION, MAINTENANCE AND PROCEDURES FOR EXTENDED RANGE (ER) OPERATION". The airplane's most limiting system capability is listed in Boeing Document D6T11604 "CONFIGURATION, MAINTENANCE AND PROCEDURES FOR EXTENDED RANGE (ER) OPERATION". This finding does not constitute approval to conduct extended range operations. 1.2.2.2



ETOPS Operational Approval



Before obtaining an ETOPS Operational Approval, an operator must show the applicable regulatory agency (1) that the airline can operate the airplane safely under conditions of ETOPS and (2) that the airline can maintain the airplane in the approved configuration at a high level of reliability. These two requirements will be the basis of the approval by the FAA, no matter what methodology the operator uses in applying for an ETOPS Operational Approval. ETOPS Operational Approvals are the responsibility of the operator, and as defined in Appendix 3 to FAA Advisory Circular AC120-42B, the operator has the choice of using two different methods when applying for approval. The first method is called “The In-Service Method”, and is based on the operator demonstrating various amounts of documented, successful non-ETOPS operation of the specific airframe/engine combination that it intends to use in ETOPS service. The In-Service Method can be used to obtain an operational approval up to 180-minutes by operators of two-engine airplanes. “Accelerated ETOPS” is the second method of seeking an ETOPS Operational Approval, and it provides operators a way to begin ETOPS revenue service at up to the initial entry into service of a new airframe/engine combination. The Accelerated Method can be used to obtain an operational approval up to 180-minutes by operators of two-engine airplanes, and is to be used by all operators of airplanes with more than two engines when applying for Beyond-180-Minutes ETOPS Operational Approval. ETOPS Operational Approvals for Beyond-180-Minutes on two-engine airplanes have additional requirements and may include in-service experience requirements, depending on the maximum diversion time sought. Additional details on the general requirements for an ETOPS Operational Approval can be found in Section 2 of this document. Appendix E to this document contains a generic ETOPS Operational Approval Plan Template that an operator can easily customize to create their own Accelerated ETOPS Operational Approval Plan.



REV 2 March 6, 2009



D6-36132 BOEING ETOPS GUIDE - VOLUME III



PAGE 1.9



OPERATIONAL GUIDELINES AND METHODS SECTION 1 - INTRODUCTION



1.3



Boeing ETOPS Guide Documents



The Boeing "ETOPS guide" consists of three distinct volumes. Together these three volumes present a complete program for ETOPS. The three volumes are independent as they address separate issues raised by the regulations. The content of each volume is discussed in more detail in the following sections. 1.3.1 ETOPS Guide Volume I The Boeing 737, 747-8, 757, 767, 777, and 787 airplanes each have a specific Volume I, titled "The Configuration, Maintenance and Procedures Supplement for the 737 (757, etc.)". Usually referred to as the "CMP Supplement", these documents are revised each time the applicable Configuration, Maintenance and Procedures (CMP) document for that model is revised. Volume I is an extension of the FAA approved CMP document. It provides additional information about each entry in the CMP to help the operator understand the reason for the requirement. The CMP Supplement also identifies by airplane line number (LN) which airplanes are affected by the Service Bulletin or Service Letter, and which airplanes have had the intent of the modification incorporated prior to delivery. The information contained in Volume I will assist the operator in maintaining the airplane in accordance with the CMP requirements. 1.3.2 ETOPS Guide Volume II Volume II is titled "ETOPS Maintenance Program Guidelines", and contains detail information and guidance on the maintenance requirements set forth in the FAA regulations. Volume II suggests methods by which the operator can satisfy these requirements. Where appropriate, Volume II of the ETOPS Guide identifies ways in which other airlines have met these requirements. Volume II is generic in nature and the information it contains is applicable to all Boeing ETOPS airplanes. Volume II includes a template that operators can use in the preparation of their ETOPS Maintenance Manual. 1.3.3



ETOPS Guide Volume III



Volume III is titled "Operational Guidelines and Methods" and it provides a detail discussion on the principles of initial ETOPS route planning as well as day-to-day ETOPS flight planning. In particular, Volume III is intended to assist operators in fulfilling the requirements for obtaining operational approval for ETOPS as set forth in AC 120-42B, Appendix 3. A FAA Compliance Checklist, showing typical topics covered in an Operational Approval Application and cross referencing the associated regulatory requirement is included as well as an ETOPS Operational Approval Plan Template, which the operator can use in preparing their application for ETOPS approval. The ETOPS Approval Plan Template is also available digitally as a Microsoft Word document, and can be downloaded from the “Extended Operations” link on the MyBoeingFleet.com web page. Volume III is generic in nature and the information it contains is applicable to all Boeing ETOPS airplanes.
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2. ETOPS FUNDAMENTALS In the early years of ETOPS, it might be said that the ETOPS maintenance and operational requirements were considered to be "additional" processes and procedures that an operator had to do in order to gain the advantage of long range operations with two-engine airplanes. With the publication of new ETOPS rules by the FAA in 2007, however, there is a definite shift to the view that ETOPS is actually the formalization of the good maintenance and operational practices that most reputable airlines around the world were already doing, without "additional" regulatory guidance. This view is further emphasized by the inclusion in the new ETOPS rules of airplanes with more than two engines that operate on routes with potential extended diversion times to adequate alternate airports. This statement is not intended to lessen the emphasis that is placed on operator's diligent adherence to the accepted ETOPS practices, but rather to help remove some of the mystery of ETOPS for those operators who are just preparing to apply for their first ETOPS Operational Approval. For most competent airlines, ETOPS is only a slight adjustment of the policies and procedures that they are already using. The step-by-step approach to ETOPS outlined in the Boeing ETOPS Guide Documents has been used by numerous airlines, large and small, and from every corner of the world, to implement successful ETOPS programs. At the risk of oversimplifying the concept, ETOPS can be described as follows: For a desired route, an allowable ETOPS Area of Operation is determined by locating specific adequate airports that can be utilized as enroute diversion airports; Sufficiently large, zero wind circles are drawn around these airports such that the entire route of flight is enclosed within the circles; Specifically approved and maintained airplanes are operated along this route; And sufficient fuel is carried on board to complete a diversion from any point along the route to the selected enroute alternate airports, in the winds and temperatures that are forecast at dispatch. This simplified description is intended to give the operator an overall picture or what ETOPS involves. The remainder of this document is devoted to filling in the details of this picture. Sections 4 and 5 of this document discuss in detail, the process of planning and conducting ETOPS flights. Appendix E provides a Template to assist operators in the preparation and submittal of their ETOPS Operational Approval Plan to their regulatory agency.
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2.1



General Requirements for ETOPS Operational Approval



Operators seeking an ETOPS Operational Approval will need to submit an application package to the FAA which will include the details of the operators intended ETOPS service as well as the way that the operator intends to comply with the various maintenance and operations requirements of the FARs and associated Advisory Circulars. Many of the requirements for ETOPS Approval are contingent on the Maximum Diversion Time Authority that the operator is seeking, the intended area of operation, and/or the type of aircraft proposed (2-engine or more than 2-engines). It is therefore not practical to provide a single, simple listing of the things that an operator will need to do to successfully obtain an ETOPS Operational Approval that will satisfactorily describe every possible combination of variables that might apply. The material in Section 2.2 briefly presents the requirements for each Maximum Diversion Time Authority that the FAA has defined, and includes the additional unique requirements that may result for specific areas of operation and/or the number of engine on the operator’s aircraft. However, there are some requirements that will apply to virtually all ETOPS Operational Approval and they will be discussed in this section. With a few exceptions, all ETOPS Approvals will require the airframe/engine combination that the operator will use in ETOPS service to have an ETOPS Type Design Approval that is consistent with the Maximum Diversion Time being sought. The exceptions are a 75-Minute Authorization for two-engine airplanes in the Caribbean/Western Atlantic area and for all airplanes with more than 2-engines that are manufactured prior to February 15, 2015. And it should also be noted here that only passenger operations of airplanes with more than two engines are subject to ETOPS requirements. When an airframe/engine combination has met the ETOPS Type Design requirements, a document will be issued by the FAA listing any configuration, maintenance and/or procedural requirements necessary for that airframe/engine type to comply with the ETOPS certification rules. This document, called the “Configuration, Maintenance and Procedures Document”, or CMP, is the subject of Volume I of the Boeing ETOPS Guide set, and all operators seeking ETOPS Authorization will need to become familiar with the contents of Volume I applicable to their airframe/engine combination. The Boeing ETOPS Guide set was also discussed in Section 1.3 of this document.
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2.2



Approved ETOPS Diversion Time Options



At the time of this revision, the FAA will grant ETOPS Operational Approvals for specific Maximum Diversion Times of 75, 90, 120, 138, 180, 207, 240, and Beyond-240-minutes, as described in Appendix P to FAR 121. A brief description of the requirements for each of these diversion times is given in the following sections: 2.2.1thru 9 for two-engine airplanes, Section 2.2.10 for airplanes with more-than-two-engines, and Section 2.2.11 for all Polar Operations. When reviewing the following material, operators should keep in mind the qualifications stated are "nominal requirements" and that as is stated in Paragraph 400 of AC120-42B: “As is the case for all Accelerated ETOPS Approvals, the Director, Flight Standards Service must be satisfied that the applicant can operate to the standards expected of an experienced ETOPS operator from the first day of service.” For those approval levels that have stated in-service experience requirements, those operators that have the required in-service experience and are seeking ETOPS Operational Approval via the In-Service Method should plan to submit their documentation to the FAA at least 60 days prior to the desired approval date. Section 2.3 contains a list of additional documents and materials that an operator may need to complete their ETOPS Operational Approval Plan or application. Operators that do not have the required in-service experience and are applying for ETOPS Authorization using the Accelerated ETOPS Operational Approval method should plan to submit their application at least 6 months prior to the desired approval date. A template for an Accelerated ETOPS Operational Approval Plan is contained in Appendix F to this document. Also, a quick word regarding the Area of Operation figures in the following sections is required. Earlier revisions of Volume III typically used a generic 400nm, 800nm, 1200nm circle size to depict 60-Minute, 120-Minute, and 180-Minute ETOPS Areas of Operation. In talking to many operators and regulators over the years, it has become clear that many have interpreted this to mean that these are the only circle sizes that can be used. This is not the case of course, and AC120-42B clearly states in paragraph 205.d that credit for one-engine-out driftdown can be used when determining an ETOPS Area of Operation. The engine-out driftdown profile is a function of many things, including the airframe/engine combination, the aircraft weight, and the speed that is flown. This produces a significant variation in the circle size that any given operator might choose for a given diversion time. A detail discussion of this process is deferred to the material in Section 4 of this document, but for our purposes here, we have used various area of operation circle sizes to emphasize the fact that the operator must choose a circle size appropriate for their operation. 2.2.1



75-Minute ETOPS – Two-Engine Airplanes



The FAA granted deviations from FAR 121.161 to airlines long before ETOPS was a recognized program to conduct operations with two-engine airplanes in the Western Atlantic / Caribbean Sea. The approval for these operations was based in part on the nature of the area in which the operations took place. It is characterized as having an abundance of good airports, good navaid coverage, good ATC communication capability, and good, stable weather characteristics. At the other end of the spectrum, most other oceanic and/or remote areas of the world where ETOPS would be required do not have many airports, navaid coverage may be lacking, communication REV 2 March 6, 2009
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capability with ATC and or the company may be unreliable, and the general weather in the area tends to be challenging. As a consequence, the FAA in 1985 established two levels of 75-Minute ETOPS Operational Approval, one for the Caribbean and one for the rest of the world. This distinction was carried forward in the new 2007 ETOPS rules, with two 75-Minute Approvals, one for the Caribbean/Western Atlantic area (West of 60W) and a second approval with more stringent requirements for 75-Minute ETOPS in “Other Areas” like the North Atlantic. These areas are depicted in the Figure 2.1.



Figure 2.1 75-Minute ETOPS 75-Minute ETOPS Approval in either the Caribbean or “Other Areas” of the world does not require a specific Type Design Approval of the airframe/engine combination, but the FAA will conduct a review of any factors that might affect the safe conduct of the operations. The airplane must have sufficient favorable experience to demonstrate a level of reliability appropriate for 75Minute ETOPS. Both 75-Minute ETOPS Areas, (the Caribbean and “Other Areas”) require the operator to comply with the Time Limited Systems planning requirements of §121.633(a), for ETOPS less than 180-Minutes. This requires that the planned Maximum Diversion Time to the nearest ETOPS Alternate not exceed the aircrafts Most Time Limiting ETOPS Significant System PAGE 2.4
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capability, including the Cargo-Fire System, less 15 minutes, as determined at the Approved One-Engine-Inoperative Speed in standard conditions and still air. For 75-Minutes ETOPS Operational Approval, the operator must have in place a maintenance program that complies with the requirements of §121.374, except that in the Caribbean Area of Operation, the ETOPS Pre-departure Service Check need not be performed prior to the return flight. One additional requirement is specified for 75-Minute ETOPS in areas other than the Caribbean/Western Atlantic. That is the requirement for the operator to comply with the 120Minute MEL in its operations specification. Operators are not required to have a specified amount of in-service experience on the airframe/engine combination they will operate in ETOPS service prior to being granted 75Minute Operational Approval.
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2.2.2



90-Minute ETOPS – Two-Engine Airplanes



A 90-Minute ETOPS Operational Approval is a new diversion time category which FAA operators in the Micronesia area can utilize. The requirements for this approval level are the same as for 120-Minute ETOPS, (covered in detail in Section 2.2.3), with the single exception that the ETOPS Pre-departure Service Check (PDSC) does not need to be preformed prior to the return trip.



Figure 2.2 90-Minute ETOPS
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Operators are not required to have a specified amount of in-service experience on the airframe/engine combination they will operate in ETOPS service prior to being granted 90Minute Operational Approval but the airframe/engine combination must have a 120-Minute ETOPS Type Design Approval. 2.2.3



120-Minute ETOPS – Two-Engine Airplanes



A 120-Minute Operational Approval is the basic level for FAA ETOPS on airframe/engine combinations with two engines and can be granted for use in any area of the world, as depicted in Figure 2.3.



Figure 2.3 120-Minute ETOPS The FAA provides specific criteria for 120-Minute Operational Approval in Appendix P to Part 121, Section I §(d). The first requirement is that the airframe/engine combination that the operator plans to use must be ETOPS TYPE Design Approved for at least 120-Minute ETOPS. It is an inherent part of all ETOPS Operational Approvals, that an in-depth review of the applicant’s required ETOPS Programs will be accomplished to show the ability to “achieve and maintain an acceptable level of systems reliability, and to safely conduct these operations”.
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Although there are many individual requirements embodied in the statement in the previous paragraph to “achieve and maintain an acceptable level of systems reliability, and to “safely conduct the operations”, the greatest number of operator questions related to this requirement have to do with the In-flight Shutdown Rate (IFSD) of the world fleet for the airframe/engine combination that they operate, and the relationship of the world fleet IFSD rate to their individual operator IFSD rate. As discussed in Section 1.2.2.1, in order to qualify for a 120Minute Type Design Approval, the specific airframe/engine combination must have a demonstrated IFSD rate of no greater than 0.05 per 1000 hours (1 in-flight shutdown in 20,000 hrs). However, as stated in §K25.2.1.(b) & §K25.2.2.(b) of the new FAA ETOPS rules, the engine must be capable of achieving a target rate of 0.02 per 1000 hours (1 in-flight shutdown in 50,000 hrs). The ability to achieve this extremely low IFSD rate has been demonstrated on every Boeing ETOPS Twin in service today. The IFSD statistics that this statement is based on are the average of the IFSD rates for all operators of each individual airframe/engine combination around the world. Therefore, it follows that the world’s ETOPS Operators are in fact able to maintain and operate their Boeing airplanes within the ETOPS Type Design IFSD target rate of 0.02 or less per 1000 engine-hours. However, the operator questions that do arise on this issue center on “what happens if the operator’s individual IFSD rate exceeds the World Fleet Average IFSD rate ? Will I lose my ETOPS Operational Approval ?” Probably the primary reason for this question is that for a small fleet of airplanes (a situation that ALL operators of an airframe/engine combination new to their fleet must at least transition thru), a single IFSD will result in the operators IFSD rate being many times greater than the World Fleet Average. This situation can occur for an operator that will eventually operate 200 aircraft of a given airframe/engine combination as well as for the operators that will only have a fleet of 3 or 4 aircraft. And it is important that all operators understand how the answer to this question is affected by their response to an IFSD or any other ETOPS Event. In the preamble to the new FAA ETOPS rules, the FAA has provided an answer to this question, where it states in part: “…The FAA agrees that this is a legitimate concern for a small fleet IFSD, but the FAA will not manage ETOPS approvals only by operator IFSD rates. Many factors are considered, especially the commitment and proactive response by the operator to determine the root cause of each failure. Once the cause has been determined, planned corrective actions are taken as well as a means to ensure that the problem is fixed. There may be no safety need to change the operator’s ETOPS authority provided the operator shows that it is effectively managing the problem….” (Ref. Federal Register / Vol 72, No. 179, dated Sept 17, 2007, page 1848)
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So it is the operator’s response to an IFSD that will determine the action taken by the FAA, not the resulting IFSD rate alone. The new ETOPS Advisory Circular AC120-42B also echoes this position in §301.j.(2) & (3). Further discussion on this topic can be found in the Boeing ETOPS Guide Volume II, “Maintenance Program Guidelines”. Although examination of the requirements listed in FAR 121 Appendix P for a 120-Minute ETOPS Operational Approval do not specifically call out compliance with FAR 121.633 for Time Limited Systems planning, the 121.633(a) rule itself specifically states its applicability to ALL ETOPS up to and including 180-Minutes. As such, it obviously applies to a 120-Minute Approval, and the resulting restrictions are that the flight time to the nearest ETOPS Alternate cannot exceed the approved time for the airplane’s most limiting ETOPS Significant System, (including the most limiting Cargo-Fire Suppression System), minus 15 minutes. Therefore, the minimum allowable ETOPS Significant System capability for a 120-Minute Approval is 135 minutes. The resulting diversion distance is to be calculated at the operator’s Approved OneEngine-Inoperative Speed, under standard conditions and still air. The operator must have in place and comply with an ETOPS Maintenance Program that incorporates all the elements of FAR §121.374. And the operators MEL must include all restrictions appropriate to 120-Minute ETOPS as listed in the MMEL for that airframe/engine combination. Operators applying for a 120-Minute ETOPS Operational Approval can use either of two methods for their application process. The first method, called the “In-Service Experience Method”, will require the operator to have accumulated 12 consecutive months operational inservice experience on the airframe/engine combination that they wish to use in ETOPS service. And it should be noted that the in-service experience required may vary. More time may be required for one operator and less for another operator, depending on the demonstrated quality of the operator’s experience. The 12 month requirement should be viewed as a nominal target only. The second method, called the “Accelerated ETOPS Method”, is the formal way for an operator with less than the nominal 12 months in-service experience. Using this method, the operator can in fact be granted a 120-Minute ETOPS Operational Approval at Entry-Into-Service (EIS) of an airframe/engine combination that is new to their fleet. The details of these application methods are spelled out in Appendix 3 of the FAA Advisory Circular AC120-42B. 2.2.4



138-Minute ETOPS – Two-Engine Airplanes



The 138-Minute Operational Approval is a unique authorization that is available to operators with existing 120-Minute or 180-Minute Operational Approvals, with slightly different requirements and limitations depending on the operator’s initial approval level. When ETOPS was initially established in 1985 via AC 120-42, it was acknowledged that the occasional unavailability of a critical mid-route alternate airport at dispatch could prevent an operator with a 120-Minute Operational Approval from being able to complete a North Atlantic crossing. Several adequate alternate airports were situated on both ends of the crossing, making the availability of at least one of them on each end quite likely. An increase of the allowable diversion time by 15% would allow only the two adequate airports at the ends of the Atlantic crossing to be used. This 15% extension to 120-Minute ETOPS, which became the 138-Minute Operational Approval, remains an important operational strategy for 120-Minute ETOPS in the REV 2 March 6, 2009
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North Atlantic region, and can also be useful in other areas of the world. It is included in the list of Operational Approval levels granted by the FAA, for use anywhere in the world, and is depicted in Figure 2.4.



Figure 2.4 138-Minute ETOPS A 138-Minute Operational Approval, which can be granted for use in any area of the world by operators who have an existing 120-Minute Operational Approval, is limited to a case-by-case authorization when the mid-route alternates are not available at dispatch, thereby preventing a 120-Minute ETOPS dispatch. If sufficient enroute alternates are available, the flight must be planned using 120-Minute ETOPS rules. 120-Minute ETOPS Operators with a 138-Minute Operational Approval are required to have aircraft with at least a 120-Minute ETOPS Type Design Approval, and the time-limited systems capability must be at least 153 minutes, as determined in accordance with FAR §121.633(a) at the approved one-engine-inoperative-speed under standard conditions in still air. Operators must comply with all the operations and maintenance procedures / processes of their ETOPS program as specified in their operations specifications. In addition, the operator must have a “Beyond-120-Minute ETOPS” MEL for these operations. If the airframe/engine
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combination does not already have an MEL for Beyond-120-Minute ETOPS, the operator must apply to the FAA AFS-200 for a modified MEL which satisfies the requirements for Beyond120-minute ETOPS. An unlimited use 138-Minute Operational Approval can also be granted for any area of the world to operators who have an existing 180-Minute Operational Approval. The airframe/engine combination used must have at least a 180-Minute Type Design and the Time-Limited Systems requirements of 121.633(a) would again apply. The operator’s must comply with all of the operational and maintenance policies and procedures contained in its operations specifications, including the use of the operator’s Beyond-120-minute ETOPS MEL. Operators who are granted 138-Minute Operational Approval must include additional training for maintenance, dispatch, and flight crew personnel regarding the differences in their 138Minute and either their 120-Minute ETOPS or 180-Minute polices and procedures, as applicable.
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2.2.5



180-Minute ETOPS – Two-Engine Airplanes



The requirement for a route of flight to remain within a Maximum Diversion Time of 180Minutes from an Adequate Airport has gained additional significance under the new FAA ETOPS rules of 2007. It retains the significance it had under the old ETOPS rules as the diversion time authority for Part 121 operators of two-engine airplanes referred to as 180Minute-ETOPS, which will allow point-to-point service to virtually every city pair in the world with modern, fuel-efficient twins, as is depicted in Figure 2.5 below.



Figure 2.5 180-Minute ETOPS In addition, for the first time the requirement to remain within 180-Minutes of an Adequate Airport has now become the Threshold-Diversion-Time that will require an ETOPS Operational Approval for passenger operations with airplanes having more than two engines under FAR Part 121, as discussed in section 2.2.10. It will also be the ETOPS Threshold for Commuter and OnDemand operations with two-engine airplanes and all passenger operations using airplanes with more than two-engines under FAR Part 135, as discussed in Appendix F.
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For a Flag or Supplemental air-carrier operating under FAR Part 121, the requirements for a 180Minute-ETOPS Operational Approval are largely unchanged by the FAA’s new 2007 ETOPS rules. The airframe/engine combination to be used in the 180-Minute-ETOPS service must have an ETOPS Type Design for at least 180-minutes. This requirement includes a required IFSD rate for the world fleet of 0.02 per 1000 engine hours, and the operator should plan to demonstrate their ability to operate and maintain the airplane and engine to this level of reliability or better. Operators applying for a 180-Minute ETOPS Operational Approval can also use either the “InService Experience Method” or the “Accelerated-ETOPS Method. The In-Service Method will nominally require the operator to have accumulated 12 consecutive months of 120-MinuteETOPS operational in-service experience on the airframe/engine combination that they wish to use in 180-Minute-ETOPS service. And it should be noted that the 12 consecutive months of 120-Minute-ETOPS in-service experience requirement may vary. More time may be required for one operator and less for another operator, depending on the demonstrated quality of the operator’s experience. The 12 month requirement should be viewed as a nominal target only. The “Accelerated ETOPS Method” is the second but probably the most often used method of applying for an ETOPS Operational Approval up to and including 180-Minute ETOPS. It is a formal way for an operator to document their capabilities with less than the nominal 12 months of 120-Minute-ETOPS in-service experience. Using this method, the operator can in fact be granted a 180-Minute ETOPS Operational Approval at Entry-Into-Service (EIS) of an airframe/engine combination that is new to their fleet. The details of these two application methods are spelled out in Appendix 3 of the FAA Advisory Circular AC120-42B. Operators must comply with all the operations and maintenance procedures / processes of their 180-Minute-ETOPS program as specified in their operations specifications. In addition, the operator must have an approved “Beyond-120-Minute-ETOPS” MEL for these operations, or what is more typically referred to as a 180-Minute-ETOPS MEL. Although not explicitly stated as a requirement in FAR 121 Appendix P, Time Limited Systems planning must conform to §121.633(a) requirements, with the maximum diversion time not exceeding the capacity of the most limiting ETOPS Significant System, (including the most limiting Cargo-Fire Suppression System), less 15 minutes, determined under standard conditions in still air at the operator’s Approved One-Engine-Inoperative Speed. This results in a required minimum capability of 195 minutes for the most limiting ETOPS Significant System and the most limiting Cargo-Fire suppression system. 2.2.6



207-Minute ETOPS – Two-Engine Airplanes



207-Minute ETOPS came about as a result of the concern of not being able to plan a 180-Minute ETOPS flight with the Boeing 777 due to possible unavailability of several en-route alternate airports in the North Pacific region between Anchorage and Northern Japan. This situation was similar to the issue that had been identified with 120-Minute ETOPS in the North Atlantic and it was resolved in the same manner with a 15% extension to the Operator’s 180-Minute Approval. It is important to note that the 207-Minute Operational Approval is considered by the FAA as an extension of the operator’s 180-Minute ETOPS authorization, and as such, although most of the additional requirements for the original 207-Minute Operational Approval have been included in the new FAA ETOPS rule, some of the new requirements for “Beyond-180-Minute ETOPS”



REV 2 March 6, 2009



D6-36132 BOEING ETOPS GUIDE - VOLUME III



PAGE 2.13



OPERATIONAL GUIDELINES AND METHODS SECTION 2 - ETOPS OPERATIONAL FUNDAMENTALS



discussed in paragraph 2.2.7 are not applied to a 207-Minute operation. Also, the applicability has been expanded to include all two-engine airplanes, not just the 777. A 207-Minute Operational Approval is still an area specific approval, being valid only for routes that are in the North Pacific Area of Operations, North of 40N Latitude, between North America and Japan using the NOPAC ATS routes and the published PACOTS track systems. An example of this area is depicted in Figure 2.6.



Figure 2.6 207-Minute ETOPS Additional clarification of the term “North America” is supplied in AC120-42B, where it states: “For the purposes of this definition, ‘North America’ includes the countries of Canada, the United States, and Mexico.” The FAA has also specifically stated that a 207-Minute Approval will not be granted for Hawaii to Japan operations. Although it is acknowledged that most North Pacific flights can be completed successfully using only a 120-Minute or 180-Minute dispatch limitation, on occasions, an individual flight may require the use of a longer diversion authority. 207-Minute ETOPS can only be used on a flightby-flight basis when an ETOPS alternate is not available within 180 minutes for reasons such as political or military concerns; volcanic activity; temporary airport conditions; and airport
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weather below dispatch requirements or other weather related events. The operator must make every effort to plan the flight to a 180-Minute diversion time or less, and they must inform the flight crew each time a 207-Minute dispatch is proposed and the reason the route was selected. The operator must also track the number of times that their 207-Minute authority is used. As will be discussed in more detail in Section 4.2.2.4 and Section 5.3.1, an airport is required to meet a minimum level of Rescue and Fire Fighting Services (RFFS) to be nominated as an ETOPS Alternate. For ETOPS up to and including 180-Minute ETOPS, an ICAO RFFS of at least Category 4 is required. In addition, for 207-Minute ETOPS and for all other Beyond-180Minute ETOPS flights, the flight track must remain within the Area of Operation defined by Adequate Airports with an RFFS Category 7 or higher. For operations in the North Pacific, this requirement does not result in any restrictions on routing since there are many Adequate Airports with an RFFS of CAT 7 or higher. Figure 2.7 depicts 207-Minute Area of Operation circles (drawn around only a few of the airports for visual clarity) that have an RFFS Category of 7 or greater.



AIRPORTS WITH RFFS CAT≥7 SHOWN IN BLACK OR GREEN AIRPORTS WITH 4≤RFFS CAT 
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