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1.  PURPOSE.  This bulletin contains information and guidance on a program that allows extended-range operation with two-engine airplanes (ETOPS) air carriers to reduce the amount of fuel reserve that is required for the specific purpose of compensating for drag associated with the accumulation of ice on the wing and fuselage.  A reduction in planned fuel is allowed when no icing conditions exist for that flight.  This bulletin sets forth the criteria and eligibility requirements for air carriers holding authorization to conduct ETOPS that wish to participate.



2.  REPLACEMENT.  This bulletin replaces Flight Standards Information Bulletin for Air transportation (FSAT) 96-08, same title as above, dated 06-06-96.



3.  BACKGROUND.



A.  Advisory Circular (AC) 120-42A (as amended) requires that for each ETOPS flight, the air carrier must calculate the critical fuel requirements based on the maximum diversion time, and incorporate those requirements in the minimum fuel load.  The basic premise in determining the critical fuel required is that a flight encounters icing conditions for the entire diversion, including the approach and landing.  The airplane manufacturers provide approved data for fuel burn in icing conditions to account for increased wing and fuselage ice drag, and for the use of airplane anti-ice and de-ice systems.  This data is factored into the critical fuel calculation.



B.  Increased knowledge of accrual of inflight icing and advanced meteorological techniques used to forecast icing conditions challenges the premise that assumes every ETOPS diversion encounters icing conditions, and that the icing will remain in effect for the entire diversion.



4.  DISCUSSION.  Relief of icing fuel penalties associated with critical fuel calculations for ETOPS will be applied in accordance with this bulletin.  Detailed guidelines and procedures to be used in determining icing locations in remote areas associated with ETOPS diversions were developed by the Flight Standards Service, industry and FAA meteorologists.  The procedures for this program are attached as an appendix, titled "Program for Relief of Icing Fuel Penalties Associated With Critical Fuel Calculations for ETOPS."  The attachment contains the eligibility requirements that ETOPS air carriers must meet in order to participate in the program.  The program is limited to the Central East Pacific (CEPAC) composite airspace (West Coast of the United States and Hawaii), which requires 180-minute ETOPS diversion authority.  Typically for ETOPS flights dispatched on a 180-minute diversion, the flight fuel load exceeds required fuel reserves because of the additional fuel required to account for the critical fuel calculation.



5.  ACTION.  Principal operations inspectors (POI) approving ETOPS air carriers to participate in this program shall use the following procedures:



A.  Determine eligibility of ETOPS air carrier to participate in the program (i.e., hold authority to conduct 180-minute ETOPS in CEPAC composite airspace.)



B.  Determine that the air carrier possesses the required meteorological data (company or contract source) to meet the program criteria and conditions.



C.  POI will forward application from the ETOPS air carrier to AFS-200 for review.



D.  Following AFS-200 concurrence the POI will authorize the air carrier to participate in the program via amendment to the operations specifications.  The authorization should be reflected in a note added to operations specifications paragraph B050 under CEPAC area of operation (e.g., Authorized to apply program for Relief of Icing Fuel Penalties Associated with Critical Fuel Calculations for ETOPS operations.)



6.  INQUIRIES.  This bulletin was developed by AFS-200.  Any questions or comments concerning its content should be directed to Eric van Opstal (AFS-200) at (202) 267-3774.



7.  LOCATION.  This bulletin will remain in effect until incorporated into FAA Order 8400.10, Air transportation Operations Inspector’s Handbook; volume 4, as a new chapter that addresses ETOPS.  Inspectors should make a note of this bulletin in their handbook.







/s/

Quentin J. Smith  

Manager, Air Transportation Division



ATTACHMENT�Appendix 1                                                                                                             ATTACHMENT



PROGRAM FOR RELIEF OF ICING FUEL PENALTIES ASSOCIATED WITH CRITICAL FUEL CALCULATIONS FOR ETOPS



1.  SUBJECT.  Procedures for Relief of Icing Fuel Penalties Associated with Critical Fuel Calculations for ETOPS.  This program only applies to operations conducted in Central Pacific (CEPAC) composite airspace.  Future consideration for applicability to other geographical areas will be administered separately.  



2.  DISCUSSION.  Fuel reserves applicable to ETOPS operations are specified in AC 120-42A, Extended Range Operation with Two-Engine Airplanes (ETOPS).  The operator is required to calculate a critical fuel reserve for each flight to criteria specified in the AC, and compare that amount to normal Title 14 of the Code of Federal Regulations (14 CFR) part 121 fuel requirements.  If the comparison determines that the fuel to complete the critical fuel scenario exceeds the fuel that would be on board at the most critical point, as determined by part 121 requirements, additional fuel must be included to the extent necessary to safely complete the critical fuel requirement.  



A.  AC 120-42A requires that critical fuel reserves account for the use of both airframe and engine anti-ice, as well as the accumulation of ice on unprotected surfaces, if icing conditions are “...likely to be encountered during the diversion.”  Due to limitations in meteorological ice forecasting in remote areas and at the lower cruise altitudes associated with ETOPS flight diversions, the FAA has required operators to assume that icing would be encountered during the entire diversion.  This requires the inclusion of fuel in the critical fuel reserves to allow for the increase in drag and use of anti-ice systems.  



B.  ETOPS operations dispatched under 120 minutes generally are not affected by the addition of anti-ice/ice accumulation fuel because the normal fuel requirements and reserves from origin to destination are adequate to cover the critical fuel reserves.  The use of 180 minute ETOPS can have a significant aaffect on the fuel planning and payload capability of a particular flight.  Due to the increased diversion distances for 180 minute ETOPS, the critical fuel reserve is considerably higher than the 
�
120 minute scenario.  When the destination airport is the ETOPS alternate, or the ETOPS alternate is very close to destinationnear the ETOPS flight segment, the arrival fuel is very often controlled by the critical fuel reserves.  An example of this is a flight from Honolulu to San Francisco.  The critical fuel reserves with anti-ice/ice accumulation results in an arrival fuel that exceeds three and four engine aircraft fuel reserves.  In many cases the additional fuel for anti-ice/ice accumulation is not required when the enroute weather is free of any potential icing conditions. In such cases, tanking the higher fuel load to account for the critical fuel reserve results in a higher overall fuel burn, and may result in a payload penalty to the operator.  



C.  The FAA has always maintained a positive position to re-evaluate policy and procedural requirements when presented with new factual information.  Advanced meteorological forecasting procedures and techniques and a better understanding of aircraft icing through extensive studies justifies a review of ETOPS critical fuel reserve requirements.


�
3.  ICING STUDIES.  



A.  Airbus and Boeing and Airbus have jointly participated in several icing studies in order to pursue a better understanding of icing and its effect on aircraft.  Topics include:  



(1)  Better definition of the icing threat  

(2)  Meteorological approach  

(3)  Study of ice accretion at high speeds.  



B.  A pilot study conducted by Dr. Judith Currey onIn 1990, Airbus and Boeing jointly supported a study at Penn State University, called "Assessment of Aircraft Icing Potential Using Satellite Data," which was conducted by Dr. J. Curry.  That study clearly established the possibility of developing a climatology that would enable probability forecastspredicting short term reasonably accurate water contents by data fusion between satellite microwave IR imaging and computer meteorological models.  Some side results mentioned in the report support the idea that icing patches should be very limited in size. The study covered a one month period, January 1979.  



C.  The Canadian Government, with assistance from Boeing and Airbus, has funded an icing research exercise called Canadian Atlantic Storms Program (CASP) II.  This followed an earlier CASP I campaign, which was research initiated by the need to protect the Canadian cod fleet from the hazards associated with winter stormsblizzards.  Severe weather poses a significant problem for small ships operating off the coast of Newfoundland in mixed hot/cold waters due to the gulfstream.  In winter months fishing vessels can encounter extreme icing conditions.  The most severe icing may result in the ship capsizing due to heavy ice accumulation on the superstructure in a short period of time.  



D.  CASP II was run by the Atmospheric Environment Service (AES) and the National Research Council of Canada (NRC), and was conducted in St. John's, Newfoundland from January through March 1992.  The program had high level scientific support, two research aircraft fully equipped for icing measurements, and significant support by Canadian Weather Services (particularly in the field of satellite coverage).  The research aircraft accumulated 185Over 200 flight hours, and 242about a hundred icing encounters were recorded.  



E.  The results of CASP II are of extreme interest to airplane operations in icing conditions.  The data suggests that the icing threat in ETOPS has been overestimated, and also provides valuable information that enhances the current knowledge of icing.  No catastrophic icing was encountered during the flight study, and severe icing was limited to altitudes below 10,000 feet.  A preliminary conclusion of CASP II is that extreme icing at altitudes would probably be associated with orographic effects, or from freezing drizzle.  

�Appendix 2



DEFINITIONS.  



AIRFRAME ICING.  Two basic conditions are required for ice to form on an airframe in significant amounts.  First, the aircraft surface temperature must be colder than 0°C.  Second, supercooled water droplets, e.g., liquid water droplets at subfreezing temperatures, must be present.  Water droplets in the free air, unlike bulk water, do not freeze at 0°C.  (Forecasters Guide On Aircraft icing, March 1990, Air Weather Service, Scott AFB, Illinois.)  



ENGINE ICING.  In reference to engine icing, the B-767 Airplane Flight Manual (AFM) states "icing conditions exist when the OAT on the ground and for takeoff, or TAT inflight is 10°C or below, and visible moisture in any form is present (such as clouds, fog with visibility of one mile or less, rain, snow, sleet and ice crystals)."  Due to the engine inlet temperature drop effect, the FAA has established the outside air temperature at which the engine can experience icing; 10°C higher than the temperature at which the airframe will start collecting ice.  



ICING ATMOSPHERE.  Icing necessarily occurs at sub-zero (°C) temperatures where droplets of liquid water are present.  This limits it to flight levels where there is cloudiness or precipitation.  The presence of liquid water droplets at subfreezing temperatures is called supercooled liquid water (SLW), and its spatial concentration (SLWC) is measured in grams of water per cubic meter of airAn atmosphere which is susceptible to produce icing is necessarily at sub-zero °C temperature containing droplets of liquid water.  That water is called supercooled liquid water (SLW) and analysis refers to the water content (SLWC).  This phenomenon only happens when the atmosphere is disturbed, either due to meteorological reasons, or for orographical reasons.  An icing atmosphere is localized and unstable, and therefore does not last very long.  



ICE ACCRETION MECHANISM.  The leading edge of a wing flying into icing air is supposed to be exactly at air temperature (negative °C).  That air is loaded with water droplets, but air particles do pass around the leading edge without touching it (continuity of airflow).  Since water droplets are much heavier than air particles, they do not pass around as easily, and some of them impact the leading edge.  A rule of Ssupercooled water is that it is unstable, resulting in supercooled liquid water freezesing immediately on impact.  Ice accretion results from the continuation of this process.  



DOUBLE HORN SHAPE.  The above process leads to an uneven distribution of water droplet impacting the leading edge.  The supercooled liquid about to impact the middle of the leading edge is slightly deflected because of a slighter curved path than the airflow due to inertia, and therefor freezes on the upper and lower portion of the leading edge.  This process starts the double horn shape on the leading edge, and is a divergent process that is further enhanced by ram effect.  



RAM EFFECT. It is a basic aerodynamic principle that due to the Bernoulli principle,inflight ram effect the temperature at stagnation points on the airplane's outer surfaces will be greater than the static air temperature.  The ram rise is directly proportional to the square of the airplane speed, i.e., the faster the airplane, the greater the ram rise.  Hence it is possible for the airplane not to collect any ice even though it is flying in icing conditions, i.e., atmosphere concentrated with super cooled liquid water droplets at subfreezing temperatures.  The impact mechanism generates energy (in the air and in the water) which is indicated by a temperature rise.  Aircraft leading edges are somewhat heated by air speed.  For example, the air temperature rise at 150 knots and 10,000 feet is +4°C, whereas the temperature rise at 300 knots at the same altitude is +16°C.  It is important to take this temperature rise into account for the assessment of ice accretion.  Significant wing icing is not possible if the airspeed is such that ram effect brings the leading edge temperature above zero.



RUN BACK ICE AND SHEAR FORCES. An aircraft flying in icing conditions when the leading edge temperature is positive can experience run back icing.  Due to ram energy, water droplets do not ice at impact, but explode into numerous small particlestiny globules that migrateare blown off by the airflow along the wing surfaces.  When the wing surface is at a negative °C temperature, it will cool the water.  If the cooling effect is quicker than the blowing off, the water will ice on the spot.  This process is called run back ice.  Efficiency of the blowing off process depends on the shear forces present in the boundary layer.  Higher airspeed will increase shear force.  



SUBLIMATION.  Ice accrued on surfaces can be dissipated through sublimation.  Sublimation is the direct change of water from a solid to vapor.  Once out of cloud and icing conditions, the accrued ice thickness on the airframe will decrease.  The rate of sublimation is dependent on the relative humidity of the air, and the effect of sublimation on long flights is worth considering.  
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1.  IMPORTANCE OF AIRSPEED.  



A.  Table 3-1 shows the required airspeed and static air temperature (SAT) that will result in total air temperature (TAT) of 0°C and +10°C at the wing leading edge of the airplane in level flight at 10,000 feet.  (Note:  Static Air Temperature (SAT) is the same as the Outside Air Temperature (OAT)).



TABLE 3-1. RESULTING SAT AND TAT DUE TO AIRSPEED

Airspeed at 10,000 feet�Static Air Temperature (SAT) Equivalent to��AIRSPEED (KCAS)�0°C TAT�+10°C TAT

��250�-10.7°C�-1. 1°C��290�-14.2°C�-4.7°C��330�-18.0°C�-8.7°C��

B.  As an example, if the airline's approved ETOPS single engine speed is 330 KCAS, the wing and empennage leading edge will not collect any ice in an atmosphere with super cooled water droplets at subfreezing temperatures unless the temperature is -18°C or colder.  Based on AFM data, the engine anti-ice is not required to be turned ON until a temperature of -8.7°C SAT or colder is encountered.  



C.  Planning ETOPS operations requires consideration of continued flight following cabin depressurization.  The depressurization could be a result of structural failure that may restrict the operating speed envelope.  The nature of the structural failure will determine the limiting speed.  TypicallyNormally the flight crew will attempt to fly at the turbulent penetration speed.  For the B-767, the turbulent penetration speed is 290/.78.  At this speed, an SAT of -14.2°C will result in 0°C TAT at the wing leading edge.  If the flight crew elects to slow to 250 KCAS, an SAT of -10.7°C will result in 0°C TAT.  



D.  The TAT shown in the table are at the stagnation points on the wing and empennage leading edges.  Consideration must also be given to the temperature behind the leading edges and other surfaces on the airplane where the surface temperature may be lower than at the stagnation points. If the leading edge is at 0°C TAT, the wing surface behind the leading edge will be at a negative temperature and, depending on the airplane speed, there is a possibility of run-back ice formation behind the leading edge.  Speeds that result in higher than 0°C TAT at the leading edge will minimizeing any significant formation of run-back ice.  It should also be remembered that any ice that is formed will slowly dissipate through normal physical process of sublimation once the airplane is out of the icing conditions.  



E.  Questions and issues have been raised regarding the flight operating at single engine altitude versus 10,000 feet altitude.  Most of today's twins are capable of maintaining 16,000 feet to 25,000 feet at single engine Maximum Continuous Thrust levels.  Studies shown that icing areas rarely extend to thousands of feet vertically or hundreds of miles horizontally.  If the airplane encounters icing at the single engine altitude during a diversion, it is logical to expect the flight crew to descend to a lower altitude, as low as 10,000 feet, to avoid icing.  The critical fuel scenario accounts for icing conditions to be encountered at 10,000 feet.  



2.  PROGRAM FOR RELIEF OF ICE DRAG FUEL PENALTY IN CRITICAL FUEL SCENARIO.





A.  This program for ice drag fuel relief applies to the mid-Pacific routes between the U.S. mainland and Hawaii.  This area is relatively free of icing.  Data from the U.S. Marine Climatic Atlas indicates percentage frequency of icing in winter months ranges from a high of 30% in Seattle, to 12% in Oakland, to 0% in Hawaii.  



B.  The program has certain constraints.  There is no relief granted in this program for the anti-ice penalty (use of) which is provided in the manufacturer's data (e.g., 6% fuel penalty for use of anti-ice systems on B-757)for this test program.  Other requirements to be applied to the critical fuel calculation in addition to the 6% anti-ice requirement are the 5% (AC 120-42A requirement) addition for errors in wind forecasts, and the 5% (required by the appropriate CMP document for 180-minute ETOPS) addition for weather diversions.  



C.  Table 3-2 is an example of represents anti-ice/icing fuel penalty applicable to the B-757-200 equipped with PW2037 engines.  Air carriers are required to use actual data relevant to specific airframe/engine combination operated ETOPS.  



TABLE 3-2.  ANTI-ICE PENALTY AND ICE DRAG OF

 B-757-200 WITH PW2037 ENGINES

SPEED�ANTI-ICE PENALTY�ICE DRAG������ALL ENGINE LRC�5%�12%��1 ENGINE LRC�6%�12%��1 ENGINE 290 KIAS�6%�12%��1 ENGINE 310 KIAS�6%�13%��1 ENGINE 330 KIAS�6%�14%��1 ENGINE 340 KIAS�6%�14%��

D.  The program consists of two different methods that may be used to determine the amount of ice drag penalty that has to be applied to the critical fuel calculations.  The air carrier may select either method, or develop a system that uses both.  



E.  The simplest method is the TAT method. The TAT method is based on aerodynamic heating (ram rise), and is calculated based on the air carrier’s approved single engine speed.  This method does not consider the icing scenario when the TAT is at or above +10°C.  If meteorological forecast for the time and intended route of flight indicates an OAT (outside air temperature) at 10,000 feet corresponding to a +10°C TAT or warmer, no ice drag penalty fuel is applied to the critical fuel calculation.  For temperatures colder than a corresponding TAT of +10°C at 10, 000 feet for any portion of the intended route of flight, full ice drag fuel penalty must be applied to the critical fuel calculation.  TAT is calculated by adding the aerodynamic ram rise (airspeed) to the OAT.  (Note:  The additive fuel value for use of anti-ice systems is always applied.)  



F.  The second method uses Temperature/Relative Humidity (TRH) forecast data for 10,000 feet, and may be applied when the TAT method indicates possible icing (TAT colder than +10°C).  This method can better define the areas of forecast icing by determining the relative humidity content of the air.  This method considers icing likely only within the temperature range of 0°C to -20°C, with a relative humidity (RH) of 55% or greater.  



G.  A RH of 55% is chosen as a conservative value that allows for a margin of error in the RH meteorological forecast data for 10,000 feet (NMC 700 millibar (Mb) forecast chart).  The National Center for Environmental Predictions (NCEP)Meteorological Center, the National Climatic Data Center, and the FAA Technical Center, Flight Safety Research Branch, have conducted an evaluation to determine the accuracy of the temperature and RH forecast data for 700 Mb over the oceans.  About two dozen comparison sites were selected from the available radiosonde locations along the North Atlantic and Pacific rims.  The findings of this evaluation validate the use of the temperature and RH values applied in this program.  



H.  The ability to determine icing areas with the TRH method allows the flight diversion profile to be planned into thirds.  The ice drag penalty fuel is calculated in full for icing forecasts in the first third, down to one third of the requirement if icing is only forecast in the last third of diversion.  



The basis for computation for both methods is further explained below.  





3.  METHOD 1:  TOTAL AIR TEMPERATURE (TAT) METHOD.  



A.  Total Air Temperature (TAT) method, is based on aerodynamic heating (ram rise).  Using this method, icing is not considered if the TAT is +10°C or higher.  TAT is calculated by adding the aerodynamic ram rise temperature to the Outside Air Temperature (OAT) for the approved single engine speed.  



TABLE 3-3.  OAT (C VALUES AT 10,000 FEET

Airspeed (KCAS)�OAT °C 

(equivalent to +10°C TAT)��250�-1.1��260�-2.0��270�-2.9��280�-3.8��290�-4.7��300�-5.7��310�-6.6��320�-7.6��330�-8.7��

B.  Using the NMC 700 Mb forecast chart, delineate the appropriate ° C isotherm.  If the temperatures along all ETOPS routes are at that temperature or warmer, forecast no icing.  Indicate "NO ICING EXPECTED" on the forecast charts.  The critical fuel calculation is therefor computed without the penalty for ice drag.  No further action is required other than to monitor the forecast area.  

If any further information from other available forecast data such as frontal analysis and satellite analysis indicates convective areas along the planned route, it must be included in the forecast process.  



C.  Fuel for ice drag is required in full to be included in the ETOPS critical fuel calculation when the OAT (SAT) at 10,000 feet is forecast to be below the OAT values shown in the table 3-3.  



4.  METHOD 2:  TEMPERATURE AND RELATIVE HUMIDITY (TRH) METHOD).  



A.  Using the NMC 700 Mb forecast chart, delineate the 0°C and -20°C isotherm and the 55% relative humidity isoline.  Areas with relative humidity 55% or greater and bounded by the 0°C and -20°C isotherms should be considered icing areas and shaded.  Transfer the potential icing areas to the route of flight overlay. If any further information from other available forecast data such as frontal analysis and satellite analysis indicate convective areas along the planned route, it must be included in the forecast process.  If there is no icing potential within any area covered by the planned route, indicate “NO ICING EXPECTED" on the forecast chart.  



B.  If potential icing areas overlay the planned route, determine the critical fuel calculation based on segments of the possible diversions divided into thirds.  This is illustrated in table 3-4.  





TABLE 3-4.  METHOD OF APPLYING ETOPS ICING PENALTY


Icing Forecast

�Icing Penalty Applied

��

Within First 1/3 of the planned ETOPS Diversion

�

Full Icing Penalty��Within Second 1/3 of the planned ETOPS Diversion

�2/3 of Full Accumulated Icing Penalty��Within Last 1/3 of the planned ETOPS Diversion

�1/3 of Full Accumulated Icing Penalty��No Icing Forecast during planned ETOPS

�Anti-Ice Bleed System Penalty Only��

C.  The following table 3-5 for a B-757-200 airplane shows the application of ice drag fuel penalty for different forecast ice scenarios.  The example does not address other factors that are required to complete the critical fuel requirements.  


�
TABLE 3-5.  ICE DRAG FUEL PENALTY FOR ICE SCENARIOS


Icing Forecast in:�No Forecast

Icing ���1st 1/3 of Diversion�2nd 1/3 of Diversion�Last 1/3 of Diversion����������13%�9%�5%�0�Penalty for Accumulated ice��6%

______�6%

______�6%

______�6%

______�Anti-Ice system Bleed Penalty��19%�15%�11%�6%�Total Fuel Penalty For Diversion Segment��

5.  APPLICATION TO PARTICIPATE IN PROGRAM.  



A.  Air carriers desiring to participate in this program must apply through their Certificate Holding District Office (CHDO).  The applicant must document the process selected (TAT, TRH, or both) that will be used to determine the amount of fuel required for ice drag/anti-ice systems in the critical fuel calculation.  The applicant will be required to demonstrate capability to the FAA of the selected process, and show that adequate meteorological forecasting is available to support the program.  The CHDO will forward the application to the Air Transportation Division, AFS-200, for review and concurrence.



B.  Air carriers authorized to participate in the program will be required to maintain data that justifies the exclusion of ice drag penalty fuel in the critical fuel calculation.  The CHDO may require a summary of this data on a monthly basis for review.  Data maintained for each flight should include:  



(1)  Amount of ice drag fuel (based on TAT or TRH method) that is not included in the critical fuel calculation.


(2)  Amount of fuel determined by the critical fuel calculation calculation that the flight is dispatched with.

(3)  Total amount of fuel on board at PET (point of equal time).

(4)  Total amount of fuel remaining at landing destination.

(5)  If the flight is involved in a diversion, the actual weather (PIREP) encountered during the diversion, versus the forecast weather.

(6)  For a flight requiring an enroute diversion, the total fuel remaining upon landing at the alternate site.






C.  This program may be reviewed and evaluated on an as needed basis to determine its accuracy and effectiveness.  The review may also address the application of this program, or its amendment, to other geographical areas.  
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