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DEPARTMENT OF TRANSPORTATION

Federal Aviation Administration

Aviation Rulemaking Advisory Committee--New Task
AGENCY: Federal Aviation Administration (FAA), DOT.

ACTION: Notice of a new task assignment for the Aviation Rulemaking
Advisory Committee (ARAC).

SUMMARY: Notice is given of a new task assigned to and accepted by the
Aviation Rulemaking Advisory Committee (ARAC). This notice informs the
public of the activities of ARC.

FOR FURTHER INFORMATION CONTACT: Joseph A. Hawkins, Director, Office of
Rulemaking, ARM-1, Federal Aviation Administration, 800 Independence
Avenue, SW., Washington, DC 20591; telephone (202) 267-9677 or fax
(202) 267-5075.

SUPPLEMENTARY INFORMATION:
Background

The FAA has established an Aviation Rulemaking Advisory Committee
to provide advice and recommendations to the FAA Administrator, through
the Associate Administrator for Regulation and Certification, on the
full range of the FAA"s rulemaking activities with respect to aviation-
related issues. This includes obtaining advice and recommendations on
the FAA"s commitment to harmonize its Federal Aviation Regulation (FAR)
and practices with its trading partners in Europe and Canada.

The Task

This notice is to inform the public that the FAA has asked ARAC to
provide advice and recommendation on the following harmonization task:

Prevention of Fuel Tank Explosions

Prepare a report to the FAA/JAA that provides specific
recommendations and proposed regulatory text that will eliminate or
significantly reduce the hazards associated with explosive vapors in
transport category airplane fuel tanks. Proposed regulatory text should
ensure that new type designs, in-production airplanes and the existing
fleet of transport airplanes are designed and operated so that during



normal operation (up to maximum certified operating temperatures) the
presence of explosive fuel air vapors in all fuel tanks is eliminated,
significantly reduced or controlled to the extent that there could not
be a catastrophic event. (This task addresses means of reducing
explosion hazards by eliminating or controlling explosive fuel vapors.
The FAA is also engaged in a separate activity to evaluate whether
additional actions should be taken to ensure that ignition sources are
not present within fuel tanks. Therefore, control of ignition sources
is not within the scope of this task.) In developing recommendations
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to the authorities, a report should be generated that includes the
following:

(1) An analysis of the threat of fuel tank explosion due to
internal and external tank ignition sources for the major fuel system
designs making up the transport fleet, including transport airplanes
with heat sources adjacent to or within the fuel tanks. The SAFER data
presented to the FAA in 1978, which includes evaluation of fuel tank
safety in both operational and post crash conditions, should be used as
a starting point for determining the level of safety.

(2) An analysis of various means of reducing or eliminating
exposure to operation of transport airplane fuel tanks with explosive
fuel air mixtures (e.g. inerting, cooling of lower center tank
surfaces, combination of cooling and modified fuel properties, etc.) or
eliminating the resultant hazard if ignition does occur (installation
of selective/voided/full tank reticulating foam, explosion suppression
systems). Technical discussion of the feasibility, including cost/
benefit analysis, of implementing each of the options on a fleet
retrofit, current production, and new type design airplanes should also
be provided.

(3) An analysis of the cost/benefit of modified fuel properties
that reduce exposure to explosive vapors within fuel tanks. The FAA has
asked industry through the American Petroleum Institute to provide
pertinent information on fuel properties. The degree of modification to
fuel properties necessary to eliminate or significantly reduce exposure
to explosive fuel tank ullage spaces in fleet operation must be
determined by the group. Factors that may enhance the benefits of
modified fuels, such as cooling provisions incorporated to reduce fuel
tank temperatures, should be considered. Cost information for the
various options should be developed. Information regarding the effects
of modified fuel properties on airplane operations, such as engine air/
ground starting at low temperatures, maintenance impact, emissions and
fuel freeze point, should be analyzed by the group and be provided.

(4) Review comments to the April 3, 1997, Federal register notice
(62 FR 16014) and any additional information such that validated cost
benefit data of a certifiable system is provided for the various
options proposed by commenters. This information will be used in
preparing regulatory action.

Note: In many cases specific cost data provided in the comments
to the notice was competition sensitive; therefore the ARAC group
should contact commenters directly and request participation iIn the
group.

(5) Recommended objective regulatory actions that will eliminate,
significantly reduce or control the hazards associated with explosive



fuel air mixtures in all transport airplane fuel tanks to the extent
that there could not be a catastrophic event.

In addition to the above task, the working group should support the
FAA 1n evaluation of application of the proposed regulation to the
various types of transport airplanes (turbopropeller, business jets,
large transports, and other turbine-powered aircraft types which may be
affected by a change in fuel properties/availability) and any impact on
small businesses.

This activity will be tasked for a 6-month time limit to complete
the task defined above. The FAA will consider the recommendations
produced by ARAC and initiate future FAA regulatory action. However, if
the group is unable to provide the FAA with proposed regulatory
language within this time period, the FAA will initiate rulemaking
independently. Participants of the ARAC should be prepared to
participate on a full-time basis for a 6-month period if necessary.

ARAC Acceptance of Task

ARAC has accepted this task and has chosen to assign it to a new
Fuel Tank Harmonization Working Group. The new working group will serve
as staff to the ARAC Executive Committee to assist ARAC in the analysis
of the assigned task. Working group recommendations must be reviewed
and approved by ARAC. IT ARAC accepts the working group®s
recommendations, it will forward them to the FAA as ARAC
recommendations.

The Fuel Tank Harmonization Working Group should coordinate with
other harmonization working groups, organizations, and specialists as
appropriate. The working group will identify to ARAC the need for
additional new working groups when existing groups do not have the
appropriate expertise to address certain tasks.

Working Group Activity

The Fuel Tank Harmonization Working Group is expected to comply
with the procedures adopted by ARAC. As part of the procedures, the
working group is expected to:

1. Recommend a work plan for completion of the task, including the
rationale supporting such a plan, for consideration at the ARAC
Executive Committee meeting held following publication of this notice.

2. Give a detailed conceptual presentation of the proposed
recommendations, prior to proceeding with the work stated in item 3
below.

3. Draft a report and/or any other collateral documents the working
group determines to be appropriate.

4. Provide a status report at each meeting of the ARAC Executive
Committee.

Participation in the Working Group

The Fuel Tank Harmonization Working Group will be composed of
experts having an interest in the assigned task. A working group member
need not be a representative of a member of the full committee.

An individual who has expertise in the subject matter and wishes to
become a member of the working group should write to the person listed
under the caption FOR FURTHER INFORMATION CONTACT expressing that
desire, describing his or her interest in the tasks, and stating the
expertise he or she would bring to the working group. All requests to



participate must be received no later than February 2, 1998. The
requests will be reviewed by the ARAC chair, the executive director,
and the working group chair, and the individuals will be advised
whether or not the request can be accommodated.

The Secretary of Transportation has determined that the formation
and use of ARAC are necessary and in the public interest in connection
with the performance of duties imposed on the FAA by law.

Meetings of the ARAC Executive Committee will be open to the
public. Meetings of the Fuel Tank Harmonization Working Group will not
be open to the public, except to the extent that individuals with an
interest and expertise are selected to participate. No public
announcement of working group meetings will be made.

Issued in Washington, DC, on January 20, 1998.
Joseph A. Hawkins,
Executive Director, Aviation Rulemaking Advisory Committee.
[FR Doc. 98-1743 Filed 1-21-98; 1:48 pm]
BILLING CODE 4910-13-M
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Aerospace
Industries
Association

Robert E. Robeson, Jr.
Vice President

Civil Aviation

(202) 371-8415

July 23, 1998

Mr. Guy S. Gardner

Associate Administrator for
Regulation and Certification

Federal Aviation Administration

800 Independence Avenue S.W.

Washington, DC

20591

Dear Mr, Gardner/

Enclosed for your consideration is the final report of the Aviation Rulemaking Advisory
Committee Fuel Tank Harmonization Working Group.

This package was approved by the ARAC Executive Committee on July 21, 1998, by
consensus, with one dissent by the representative of the Aviation Consumer Action Project. The
ACAP representative agreed to document his organization’s position for the record by July 23, so
that the FAA and general public could have the benefit of ACAP’s views. Such documentation
as provided to the FAA by ACAP as of July 23, 1998, is therefore included in this package.

As chair of the EXCOMM, I would like to express my admiration and gratitude toward
all of those who participated in this effort. Working on a very complex set of problems under
severe time constraints, the Working Group has provided a solid basis for moving forward. We
look forward to working with the FAA on this issue, whether through ARAC or some other
venue as the FAA deems appropriate.

On behalf of the EXCOMM and the Fuel Tanks Harmonization Working Group, thank
you for your attention to this matter.

Sincerely,

o

Robert E. Robeson,
Chair
Aviation Rulemaking Advisory Committee

Encl.

Aerospace Industries Association of America, Inc.
1250 Eye Street, NW., Washington, D.C. 20005 (202) 371-8400




Acknowledgement Letter



e

v

")

A

us Deportment 800 Independence Ave., S.W.
of Transportation Washington, D.C. 20591

Federal Aviation
Administration

AUG 20 1998 i

Mr. Robert E. Robeson ‘/ ’\(ﬁ @'\’J

Vice President, Aerospace Industries '
Association

1250 Eye Street, NW

Washington, DC 20005

Dear Mr. Robeson:

Thank you for your July 23 letter transmitting the Fuel Tank Harmonization Working
Group’s final report and recommendations addressing the hazards associated with explosive
vapors in transport category airplane fuel tanks. A copy of the report was placed in the
Department of Transportation Dockets; the web address to access the report is
http://dms.dot.gov, and the docket number is FAA-1998-4183.

On behalf of the Federal Aviation Administration, I appreciate the tremendous effort and
responsibility that the group undertook to produce such an extensive report under a most
severe time constraint of 6 months to comply with the mandate issued with the task. The
agency will be conducting a comprehensive review and evaluation. Subsequently, you will
be notified of the next agency action.

Sincerely, P

/\A-&x\_%»} Q&) Sag /
Guy S. Gardner - &
Associate Administrator for

Regulation and Certification
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FUEL TANK HARMONIZATION WORKING GROUP
FINAL REPORT

Executive Summary

The overall-goal of the aviation industry and the regulatory agencies is to enhance
aircraft safety in an effective and practical manner. The Fuel Tank Harmonization
Working Group has spent the last six months aggressively pursuing means to improve
airplane safety by reducing flammability in fuel tanks. The group investigated the
history of the commercial fleet to understand the significance of each event involving
fuel tank flammability, and to look for underlying causes that would assist our
investigation. Thermal analyses of a wide range of airplanes operating in worldwide
environmental conditions were used to correlate the historical record with the
flammability exposure of fuel tanks, and to evaluate potential solutions.

The industry and the FAA have already taken actions to:

e Identify and correct equipment and installations that have the potential to
be an ignition source in a fuel tank through service bulletins and
Airworthiness Directives,

e Develop and execute inspection programs to assess the conditions of the
fuel systems in the fleet and to develop maintenance programs based on
those inspection results,

o Initiate work on a Special Federal Aviation Regulation (SFAR) to review
system design and certification, and maintenance practices, with the goal of
reducing the probability of ignition sources occurring in fuel tanks,

e [Establish the Fuel Tank Harmonization Working Group (FTHWG) to
investigate means to reduce or eliminate explosive mixtures in fuel tanks.

This comprehensive effort is attempting to address both ignition sources in the fuel
system and exposure to flammable fuel-air mixtures.

The FTHWG studies showed that flammability exposure varies among airplane types
and depends on fuel tank location. Some fuel tanks (e.g., wing tanks and some center
tanks) already have a low exposure to flammable conditions. Reducing flammability in
all fuel tanks to the level of the wing tanks on most airplanes, was seen as a
worthwhile goal. A variety of possible means to achieve this goal were evaluated for
technical and economic merits.
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The following conclusions were reached:

e Techniques to reduce or eliminate heat input to the tanks from nearby heat
sources were evaluated. Of these techniques, directed ventilation and
relocation of the significant heat sources reduce the exposure to an
acceptable level. However, relocation is only feasible for new airplane
designs. Directed ventilation for in service aircraft is estimated to have an
overall cost for a ten-year period of $3.5 billion.

e To reach the goal by changing fuel properties, a minimum flash point
specification of 140°F would be required. A change of this magnitude falls
outside of the current experience base and may require engine re-design/re-
qualification. The overall fuel manufacturing cost increase for a ten-year
period is estimated at $15 billion in the USA and $60 billion for the rest of
the world and could result in a significant shortfall of jet fuel.

e Techniques such as on board fuel tank inerting or installation of foam in the
tanks would also achieve the goal, but at a cost estimated to be at least $20
billion over the next ten years and would be very difficult to retrofit in
current airplanes. Ground inerting, wherein specific tanks are made inert
prior to flight, at specific airports, is an option that needs future study to
determine; (a) the logistical costs of such a system and, (b) if retrofit
installation of the distribution system internal to the airplane could be
achieved in a cost effective manner.

e The Working Group considered several concepts that were determined to
be insufficiently advanced technically at this time, for transport airplane fuel
tank use. These included ullage sweeping and explosion suppression
systems.

An initial estimate provided by the FAA for the cost of future events is $2 billion over
the next ten years, if no changes are made in the fleet. The flammability reduction
techniques studied by the group have an economic impact greater than this, and
therefore careful consideration must be given to determine which avenue to pursue.

The first chart below depicts the relative costs and flammability exposure benefits of
various options studied. The fuel tank inspections, the service bulletins for wiring
improvements, and the anticipated SFAR for ignition sources (which the FAA is
studying independently of this effort) should reduce the hazard from ignition to a level
equivalent to a 6% flammability exposure. The estimated cost for the anticipated
SFAR is between $1-2 billion. This is depicted on the chart as a cross to differentiate
it from the options studied by the Working Group.
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The second chart below depicts the impact on the fuel tank explosion accident
frequency predicted for fuel system enhancements in flammability reduction and in
ignition source mitigation.
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FUEL TANK HARMONIZATION WORKING GROUP
FINAL REPORT

The Working Group evaluated potential regulatory actions and concluded that the
most effective action would be a revision of FAR 25.981 to address both ignition
source prevention and flammable fuel-air mixture exposure in a single regulation,
consolidating the major aspects of preventing tank explosions into one rule.

Recommendations

The ARAC Working Group recommends that the FAA/JAA pursue a cost effective
approach to enhance fuel tank safety.

The following specific recommendations are made:
1. Adopt the proposed new regulatory action on new aircraft designs.

2. Continue to investigate means to achieve a cost-effective reduction in flammability
exposure for the in-service fleet and newly manufactured aircraft.

3. Pursue the studies associated with directed ventilation and ground-based inerting
systems to improve their cost effectiveness.

4. If a practical means of achieving a cost effective reduction in flammability
exposure can be found for the in service fleet, either at the level specified in the
rule or at some intermediate level (recommendations 2 and 3 above), consider
application of that solution, in combination with other actions (e.g. SFAR).

5. If a practical means of achieving a cost effective reduction in flammability
exposure can be found for newly manufactured aircraft, either at the level specified
in the rule or at some intermediate level (recommendations 2 and 3 above),
consider application of that solution, in combination with other actions (e.g.
SFAR).
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CHAPTER 1 GENERAL CONSIDERATIONS AND PROPOSED RULE

1.1

Y |

Introduction

Background

On July 17, 1996 TWA Flight 800, a Boeing model 747-131, exploded in flight shortly
after takeoff from Kennedy International Airport in New York. The accident
investigation led by the National Transportation Safety Board (NTSB) has not, as of
this date, determined the primary cause for the accident. Evidence gathered from the
accident site indicates that the center wing tank exploded, but an ignition source has
not been identified.

The NTSB sent four recommendations for regulatory changes to the Federal Aviation
Administration (FAA) on December 13, 1996. The NTSB had recommended that the
FAA require the development and implementation of design or operational changes -
intended to eliminate, significantly reduce or control explosive fuel-air mixtures in fuel
tanks of transport category airplanes.

On April 3, 1997, the FAA issued a public notice soliciting comment on the feasibility
of implementing the NTSB recommendations. To support this request, airplane
manufacturers and airline operators initiated a comprehensive review of fuel system
design and operational practices.

Their report, issued July 30, 1997, concluded that the overall level of safety and
reliability of commercial airplane fuel systems was very high and any changes must be
carefully studied so that additional risks are not introduced. Net safety benefits must
be documented.

The industry further recommended that an international fuel tank group be established
to develop aircraft inspection programs to verify the integrity of wiring and grounding
straps, the condition of fuel pumps, fuel lines and fittings and the electrical bonding of
all equipment, to verify the design and assure that no ignition sources could exist in
fuel tanks.

Subsequent to this recommendation, airlines and airframe manufacturers initiated a
joint program to examine the condition of aircraft fuel tank wiring and bonding. This
program is called Aircraft Fuel System Safety Program (AFSSP) and the group plans
to issue a final report by the year 2000. The FAA participates in the leadership of the
AFSSP.
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Late in 1997, the FAA announced the decision to develop a Special Federal Aviation
Regulation (SFAR) with the purpose of reducing the risk of ignition sources in fuel
tanks through design reviews and improved maintenance programs.

In December 1997, the FAA/JAA announced the decision to initiate the Aviation
Rulemaking Advisory Committee (ARAC) Fuel Tank Harmonization Working Group
(FTHWQG).

Scope

The historical approach to fuel system safety has been to control the risk of ignition
sources. All current regulation and commercial aircraft design is based upon this
philosophy. The ARAC FTHWG was tasked to recommend new rulemaking to
eliminate or significantly reduce the risk of exposure to flammable fuel-air mixtures in
fuel tanks.

Charter of the ARAC Fuel Tank Harmonization Working Group
The charter of the ARAC Fuel Tank Harmonization Working Group was:
1. To analyze:

¢ The history of the world transport aircraft fleet

e The safety status of the existing fleet

e Various means of reducing exposure to flammable fuel vapors
e Means to eliminate the resultant hazard if ignition does occur

2. To recommend regulatory text for new rulemaking aiming at controlling
flammability of fuel vapors in fuel tanks.

To assess the cost benefit of those means.
To assess the effect of the new rule on other sections of the industry.
To follow the rules for ARAC harmonization working groups.

To issue a final report within six months after publication of the Terms of
Reference (TOR).

O A = A

1.1.4 Terms of Reference

The National Transportation Safety Board has concluded from the accident
investigation that an explosive fuel-air mixture existed in the center wing tank of TWA
Flight 800.
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The FAA has identified 10 transport airplane hull loss events since 1959, which
involved fuel tank explosions. The investigation of TWA Flight 800 and the number of
fuel tank explosions which have occurred in service has led the FAA to question the
adequacy of transport airplane certification requirements relative to fuel tank design,
specifically with respect to environmental considerations and the adequacy of steps to
minimize the hazard due to potential ignition sources, both in initial design and over
the life of the airplanes. ;

The FAA further believes that one of the approaches to improve fuel tank explosion
safety is the prevention or reduction of the occurrence of a flammable fuel-air mixture
in the tanks through some means of inerting, cooling/insulation, modified fuel
properties, installation of foam or fire suppression systems.

The task for the ARAC FTHWG was to prepare a report to the FAA/JAA that
provides specific recommendations and proposed regulatory text, that will eliminate or
significantly reduce the hazards associated with explosive vapors in transport category
airplane fuel tanks. Proposed regulatory text should ensure that new type designs, in-
production airplanes and the existing fleet of transport airplanes are designed and
operated so that during normal operation the presence of an explosive fuel-air mixture
in all fuel tanks is eliminated, significantly reduced or controlled to the extent that
there could not be a catastrophic event.

The report should include the following:

1. An analysis of the threat of a fuel tank explosion due to internal and
external tank ignition sources.

2. An analysis of various means of reducing or eliminating exposure to
operation of transport airplane fuel tanks with explosive fuel-air mixtures
or eliminating the resultant hazard if ignition does occur.

3. An analysis of the cost/benefit of modified fuel properties that reduce
exposure to explosive vapors within fuel tanks. Factors that may enhance
the benefits of modified fuels, such as cooling provisions incorporated to
reduce fuel tank temperatures, should be considered and cost information
for the various options should be developed.

4. Review comments to the April 3, 1997 Federal Register Notice such that
validated cost benefit data of a certifiable system is provided for the various
options.

5. Recommend objective regulatory actions that will eliminate, significantly

reduce or control the hazards associated with explosive fuel-air mixtures in
all transport airplane fuel tanks.
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In addition to this task, the ARAC FTHWG should support the FAA/JAA in
evaluation of application of the proposed regulation to the various types of transport
airplanes and any impact on small businesses.

The activity was tasked for a 6-month time limit to complete the tasks.
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Development of the ARAC FTHWG

A public notice was issued in the Federal Register by the FAA on January 23, 1998
surveying industry and regulatory agencies for potential members for this Working
Group. Over 75 responses were received. Of those responses, over 45 Task Group
members were selected to become part of the FTHWG.

Members were selected based on background, expertise, and affiliation with a variety
of industry and regulatory groups. The FAA/JAA wanted to ensure that the
regulatory recommendations were developed by a broad-based group of stakeholders
who would be impacted by these changes. The FAA/JAA also wanted to access the
wide-ranging expertise that industry brings to this subject. ARAC operating
procedures were used throughout the process.

The 6-month timeframe specified by the FAA/JAA to complete this analysis was very
aggressive and unprecedented. Members selected for the FTHWG had to be available
on a nearly full-time basis for the 6-month period. "

Due to the extensive amount of work currently taking place throughout industry in
harmonizing FAA and JAA regulations, the FAA/JAA also tasked the FTHWG with
ensuring that the regulatory recommendations developed were the product of a
consensus of the FAA, JAA and industry members.

The FTHWG was co-chaired by representatives of Aerospace Industries Association
(AIA) and The European Association of Aerospace Industries (AECMA) and made up
of representatives from:

Air Transport Association (ATA)

Air Line Pilots Association (ALPA)

International Air Transport Association (IATA)

Federal Aviation Administration (FAA)

Joint Aviation Authorities (JAA)

General Aviation Manufacturers Association (GAMA)

American Petroleum Institute (API)

FTHWG Organization

The members selected to participate in this project were divided into seven Task
Groups. Due to the short time frame of the project, several assignments had to take
place concurrently. Each assignment was given to a Task Group, with the entire
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project being overseen by the nine-member FTHWG. An ‘Organization Chart’ of this
arrangement is attached. Much care was taken' to balance the Working Group
membership so that it represented all aspects of industry and regulatory agencies. Care
was also taken to balance each individual Task Group. ‘s

Charter and Deliverable of Each Task Group

Several tasks were undertaken simultaneously at the inception of the FTHWG. These
tasks fell into five main categories:

1) A review of service history;

2) A thermal analysis to quantify the current fleet exposure to flammable fuel-air
mixtures;

3) A detailed analysis of means to reduce exposure to flammable fuel-air mixtures

(such as fuel property changes, fuel tank inerting, ullage sweeping, ullage
washing, temperature control);

4) A detailed cost/benefit analysis of means to suppress explosions (such as -
foam);

5) A set of proposed regulatory material.

Task Group charters and objectives are summarized below.

Task Group 1: Service History/Fuel Tank Safety Level Assessment

Prepare a detailed analysis of previous tank explosion events. Carry out a flammability
review of the current range of fuel system designs and tank configurations. Develop a
safety analysis tool to evaluate the safety impacts of any proposed (design) changes.

Task Group 2: Explosion Suppression

Research the industry for existing technologies and systems specifically designed to
actively monitor, detect, react to and suppress an explosion event before the event can
produce catastrophic results.

Task Group 3: Fuel Tank Inerting
Provide a feasibility analysis of fuel tank inerting systems. Focus on reducing or

eliminating exposure to explosive mixtures for transport airplane operations. Prepare a
cost/benefit analysis.

Task Group 4: Foam
Provide a feasibility analysis of foam systems. Also included is an analysis of expanded

metal products. Prepare a cost/benefit analysis.
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Task Group S: Fuel Vapor Reduction
Quantify the exposure of fuel tanks to flammable vapor. Analyze means to reduce that
exposure. Prepare a cost/benefit analysis for each of the means.

Task Group 6/7: Fuel Properties and Its Effects on Aircraft and Infrastructure

Assess the feasibility of using jet fuel with a higher flash point in the transport airplane
fleet as a means of reducing exposure of the fleet to explosive fuel-air mixture. Include an
assessment of the impact of modified fuel properties on both the infrastructure and the
aircraft and its operations. Include a cost/benefit analysis.

Task Group 8: Evaluation Standards and Proposed Regulatory Action Advisory Group
Provide a common set of definitions to the other Task Groups so there is consistency in
the data used by all groups. Define a proposed regulatory action.

Time Schedule

A milestone schedule was developed at the first FTHWG meeting in February 1998.
The FTHWG agreed to meet together for a two-day period each month. Task Groups
were instructed to meet as often as necessary. The final report was due 23 July 1998.

Standards Applied

A common set of standards was necessary to achieve consistent results in performing
cost benefit studies. To achieve this consistency, Task Group 8 was chartered to
provide a common set of definitions to the other Task Groups.

Assumptions Made

A spreadsheet was developed to provide a common source of data to be used by the
task groups in order to ensure that the potential methods were evaluated using
consistent data and assumptions. Data were included in the spreadsheet for six generic
airplane types: small, medium and large transports, regional turbofans, regional
turboprops and business jets. The data included summaries for each airplane type,
such as fleet size, weights, fuel volumes and flight distributions. Mission profile data
such as weight, altitude, Mach number, fuel remaining in each tank and body angle as
a function of time was included for each generic airplane type. Temperature profiles
ranging from cold to extremely hot were also included in the mission profiles.
Performance trades and cost trades were also included to allow the consistent
calculation of performance and cost impacts. Details of the standards and assumptions
can be found in the Task Group 8 report.
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Service History/ Review of Past Accidents

The service history of the transport airplane fleet (including turbofan and turboprop
airplanes) over the last forty years was examined, and information regarding known
instances of fuel tank explosion (other than those caused by post-impact crash events)
was assembled. The starting point was the table of events contained in the FAA
Notice on Fuel Tank Ignition Prevention Measures published in the Federal Register
on April 3, 1997. The data sources used were accident and incident reports provided
by investigating organizations, regulatory authorities, and original equipment
manufacturers’ safety-related databases. The level of details reported in the early
events was sometimes limited depending on the event location and the type of event
(whether it involved an internal or external ignition source).

The attached service history report by Task Group 1 contains a detailed description of
each event and the findings of the investigating authority, followed by a description of
the mitigating actions taken subsequent to the event. The events have been separated
into operational events and refueling and ground maintenance events. They are
grouped by cause (lightning, engine separation, refueling, maintenance, etc.), and are -
then categorized by operational phase, ignition source, type of fuel tank involved, and
fuel type. The mitigating actions taken after each event are summarized and any
recurring events are identified.

From the analysis, certain patterns emerge:

e Of the 16 fuel tank events examined, 8 involved wing tanks, 8 involved center
or fuselage tanks; '

o There were 9 operational events and 7 refueling and ground maintenance
events.

* There were only 2 explosions due to lightning strike, with 396 million flight
hours accumulated since the last event in 1976;

e In the wing tank events, 5 out of 8 involved the use of wide-cut fuel (JP-4/Jet
B);

o Inthe wing tank events, 5 out of 8 occurred in-flight;

e All the wing tank events involved external ignition sources - there were no
known wing tank explosions due to internal ignition sources in the 40 years of
commercial jet aviation history;

e All the center tank events involved the use of Jet A/Jet A-1 fuel;

o In the center tank events, 6 out of 8 occurred on the ground;

Page 16 of 38



FUEL TANK HARMONIZATION WORKING GROUP
FINAL REPORT
The data suggests that there is a difference in the respective safety levels between wing
tanks and center tanks.

All the wing tank events have been due to known, external ignition sources (lightning
strikes, over-wing fire, refueling, maintenance error). There were no known internal
ignition sources in 520 million hours of commercial transport fleet operation that
resulted in a tank explosion. Corrective actions to prevent recurrence of these wing
tank events have been in place for many years, and have been demonstrated to be
effective.

However, in the two most recent center tank events the ignition sources have not yet
been identified. While corrective actions to identify and eliminate potential ignition
sources are being put in place, the investigation of flammability reduction is warranted
since the efficacy of these actions has yet to be proven.

Over the years, center tanks have accumulated considerably fewer operating hours
than wing tanks (for example, a typical twin-engine transport has two wing tanks and
one center tank, and therefore accumulates wing tank hours at twice the rate of center -
tank hours). Since the equipment in wing and center tanks is very similar, i.e. there are
similar types and numbers of potential ignition sources, one might expect there to be
significantly fewer center tank events than wing tank events. Actually, the numbers of
events are equal. This suggests that these tanks have not yet reached the safety level
attained by wing tanks, and that action to further reduce the flammability levels in
center tanks should be considered.

It might be argued that the reason for this disparity is that components in the wing
tanks are more often submerged than those in the center tanks, which empty prior to
wing tanks. However, this may be an over-simplification. There are several pieces of
electrical equipment inside wing tanks, which routinely operate in the vapor space. The
disparity may be the result of the center wing tanks being significantly more flammable
than wing tanks. Therefore, altering the flammability level in center tanks equivalent to
wing tank levels appears to be a worthwhile target.

The absence of explosions in wing tanks due to lightning strike supports this view.
Lightning strikes frequently occur. On average, every aircraft in the world fleet
experiences one strike per year. Yet, the data shows that there are only two explosions
due to lightning strike in a database spanning 40 years, with the last event occurring 22
years ago. However, both involved the use of wide-cut fuel (JP-4), which has a much
higher volatility than kerosene fuel (Jet A/A-1) and whose flammability envelope
coincides much more closely with the normal flight ranges of altitude and ambient
temperature. The phasing-out of wide-cut fuel from commercial airline use means that
for a large proportion of the flight envelope the wing tank ullage is non-flammable.

In the last 20 years (when Jet A/A-1 has been the predominant fuel), there have been
five fuel tank explosion events involving center/fuselage tanks, and two wing tank
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events. The continuing incidence of center tank explosions (all of which involved Jet
A/A-1 fuel) indicates that these tanks have not yet reached the safety level attained by
wing tanks, and that action to further reduce the flammability levels in center tanks
should be considered.

This study identified and analyzed 16 known instances of fuel tank explosions (other
than those following impact with the ground) over the past 40 years of transport
aircraft operations worldwide. The following conclusions have been drawn:

o There is a close relationship between the incidence of explosions in wing tanks
and the use of wide-cut fuel

e Wing tanks operating with Jet A/A-1 fuel have demonstrated an acceptable
safety record.

o Center tank and fuselage mounted tanks have also shown a low probability of
explosions, but there is some evidence that they are more vulnerable to
explosion in the presence of ignition sources.

e Apart from the two most recent events, which involved Center Wing Tank
with thermal inputs to the tanks, (1990/Manila & 1996/New York), the causes
of all the other events have been addressed by actions designed to prevent or

minimize their recurrence.

e The Safety Level Performance of wing tanks has been identified as a target for
the technologies applied to center wing tanks and their safety level
performance.

Safety/Risk Assessment Methodology

A safety/risk assessment methodology was developed to quantify the current fleet
exposure of fuel tanks to flammable fuel vapors, and then to predict the reduction in
exposure achievable by implementation of various methods. The additional risks that
may be introduced as a result of implementation of a method must be taken into
account in the net safety assessment. This methodology was used as the benefit half of
the cost/benefit analysis.

Thermal Analysis

To define the current fleet of fuel tanks, the methodology was to study different fuel
tank configurations on airplanes over a wide range of size. Tank configurations
analyzed included several wing tanks and several center tanks, some with and some
without adjacent heat sources. Representative airplanes from each of the generic size
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categories were chosen for the analysis (large, medium, and small transports, regional
jets and business jets.)

To define the exposure to flammable fuel vapors, the methodology was to quantify the
amount of time that the fuel temperature is above the flash point of the fuel over the
mission profile. The analysis therefore has three main variables; fuel temperature,
mission profile, and flash point.

Fuel temperature — In order to quantify the fuel temperature for each
fuel tank configuration, thermal analysis of the fuel tank was required,
including the affects of adjacent heat sources. Because airplanes
operate in a wide range of environments, thermal analysis over a wide
range of ambient temperatures was required. Ground and in-flight
atmospheric data was used to define the range of ambient temperatures
and flight route/frequency data was used to define the probability of a
flight encountering a particular ambient condition.  From this
distribution, representative ambient temperature profiles were chosen
as the inputs to the thermal analysis to produce a range of fuel
temperature profiles with a defined distribution.

Thermal

Analysis

Ambient .Tempei'_att_lre - Fuel Temperature

Mission profile — Airplanes operate over a wide range of missions. For
each airplane, flight range/frequency data was used to define the
distribution of mission lengths. Three mission profiles were chosen to
be representative of typical, short, medium and long flights.

Short ::f;;::::; Long
Missions Missions
Mission Length
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Flash point - To define the flash point of the fuel, the initial assumption
was to use the specification limit of 100°F. However, as the objective
was to define the exposure of the current fleet of airplanes as they
actually operate, it was decided to increase the accuracy of the analysis
by using the flash point of the fuel that is loaded onto the airplane.
Task Group 6/7 collected data on the current distribution of flash
points delivered worldwide and assigned probabilities of a specitic

Fuel Flash Point
mission being fuelled with a fuel at a specific flash point.
1.5.2 Exposure Analysis

To quantify the fleet exposure, a statistical analysis approach was applied to a
statistically significant number (10,000) of randomly selected flights. The flights were
then selected to be representative of the fleet using the defined distributions of the
three variables. For example, flight one may be a short mission on a cold day with an
average flash point fuel, and flight two may be a long mission on an average day with a
low flash point fuel, and on and on until 10,000 flights have been defined in this
manner. For every one of the 10,000 flights, the time that the fuel temperature was
above the flash points was calculated. The results of the exposure analysis are best
displayed in the form of a histogram like the example shown below.
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Averaging the results for all 10,000 flights provides an average percentage of the flight
time that any particular flight could be expected to be exposed to a fuel temperature
above the fuel flash point. These fleet average exposure results are given for each
airplane size and tank configuration in the table below.

Exposure Analysis Results

Wing Tanks Center Tanks
WITHOUT WITHOUT WITH
adjacent heat adjacent heat adjacent
sources sources heat sources
large | small | regional |bizjet | small | regional | large | small
turbofan turbofan
5% 5% 30%

Once the current fleet exposures to fuel tanks with flammable vapors are calculated,
the same method of thermal analysis / exposure analysis is used to systematically study
methods to reduce the exposure in fuel tanks.

More information on the exposure analysis and thermal analysis can be found in the
Task Group 5 report in sections 5.0 and 15.0. Results of the exposure analysis for
each of the considered methods can be found in section 2.5 of this report, with more
information in the Task Group 5 report.

1.5.3 Safety/Risk Assessment Methodology Conclusions
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This safety/risk assessment methodology was developed to quantify the current fleet
exposure of fuel tanks to flammable fuel vapors. Quantifying the exposure is a very
complex task, so simplifying assumptions had to be made to complete the analysis in
the tight time frame available, such as the use of generic' airplane fuel tank
configurations and typical flight profiles. To ensure confidence in the process, an
independent third party audit was conducted by members of the API. The auditors
agreed with the process as a valid method to quantify exposures. As discussed in the
proposed advisory circular (Task Group 8 report), a simpler method of exposure
analysis is currently under development.

Proposed Rule

The proposed rule was created to serve two purposes, firstly to provide a constant
standard for the various task groups to use to develop solutions and to develop
internally consistent comparisons, and secondly to provide the draft of a proposed rule
to the FAA/JAA if the cost benefit analyses showed such a rule to be of overall

benefit.

Methodology

The intent of the proposed rule is to achieve a level of safety that would reduce the
probability of another fuel tank explosion event to a low enough level that one would
not be expected to occur in the life of a given airplane type. The proposed rule was
developed using the history of the fleet from Task Group 1 in conjunction with the
analysis of Task Group 5 of the current flammability levels in the fleet today.

This approach was thus to look at the history for factors in explosion events, and then
to look at the flammability modeling to see if there were matching factors. The other
driver in looking at the proposed rule was to recognize that ignition prevention has
been, and will continue to be, the primary protection technique for fuel system
explosion prevention.

The group recognized that the FAA was pursuing a plan to address ignition source
control through the SFAR process, and that the current rules, while being adequate at
a high level, may not be specific enough at a detail level. To address all of these factors
the group concluded that the proposed rule should address explosion prevention in one
rule, with ignition source control being the first element and flammability control being
the second.

The study concluded that fuel tank explosions were the result of unique circumstances
at a single point in time, rather than circumstances that generate a continuous or
intermittent ignition condition. The reasoning for this conclusion is that the
flammability exposure of certain tanks was high (30% of fleet operating time) and
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therefore if circumstances created long duration ignition conditions, we would expect
a far higher number of events than the fleet history shows. Based on this, it was
concluded that the presence of an ignition source in any one tank was a very unlikely
random event and the recommended way to further reduce the probability of an
explosion is to limit the time during which the tank is in a flammable condition. It was
concluded that total elimination of flammability is not required in as much as wing
tanks operating with relatively low levels of flammability exposure have an excellent
safety record.

In addressing the flammability section of the proposed rule, the group considered that
total elimination of flammability was not required in as much as wing tanks operating
with relatively low levels of flaimmability exposure have an excellent safety record.
With this in mind, the group examined the flammability exposure of various tanks on a
wide range of airplane types to determine how to define flammability exposure and
how to select a suitable target to use in the rule. The Working Group determined from
examination of various airplanes types that the exposure of wing tanks, without
additional heat input from sources nearby, was below 6% of fleet operating time, while
tanks exposed to heat input were flammable for up to 30% of the fleet operating time.
The fleet history suggested that wing tanks with low flammability exposure had an
excellent record, and thus a flammability limit that matched the wing tanks of most
airplanes was selected for use in the proposed rule.

As noted above, the proposed rule was used to define a set of requirements to size and
cost the various systems to satisfy the requirements. The cost benefit analysis provides
the data to assess the reasonableness of adopting this rule versus focusing on ignition
prevention as the means to reduce events to an acceptable level

Proposed Rule

In order to enhance fuel system safety, the group recommends to the FAA/JAA the
following action:

Create a revised paragraph FAR 25.981 to address fuel tank protection from airplane
created threats that could prevent continued safe flight and landing. The proposed
revision is as follows:

Section 25.981 Fuel Tank Ignition Prevention
The fuel system must be designed and
arranged to prevent the ignition of fuel vapor

within the tanks, or mitigate the effects of
such an ignition by addressing:

Page 23 of 38



FUEL TANK HARMONIZATION WORKING GROUP
FINAL REPORT
(a) Ignition Sources

(a)l. Place the current 25.981 requirement
here

(a)2. Additional requirements in ignition source
mitigarion as defined by the FAA would be
in section (a)2, (a)3, etc. as defined by the
SFAR effort underway

(b) Flammable Vapors

Limiting the development of flammable
conditions in the fuel tanks, based on the
intended fuel types, to less than 7% of the
expected fleet operational time, or

Providing means to mitigate the effects of an
ignition of fuel vapors within the fuel tanks
such that any damage caused by an ignition
will not prevent continued safe flight and
landing.

1.6.3 Discussion on the Intent of the Proposed Requirement

1.6.4

The proposed regulatory action provides a single regulation to address ignition
prevention, thereby avoiding having several paragraphs which must be linked and
interpreted in conjunction with each other. It provides the industry with a requirement
that addresses all aspects of fuel tank ignition prevention/mitigation, which can be
treated as a comprehensive requirement and addressed as one issue. The existing
requirements set forth in sections 25.901, 25.954 and 25.981 are intended to preclude
ignition sources from being present in airplane fuel tanks. As proposed, Paragraph (a)
maintains these requirements, which have been, are, and should continue to be, the
essential primary elements in fuel tank safety. Paragraph (b) provides a requirement to
address flammability mitigation as a new layer of protection to the fuel system. The
intent of the combined regulation is to prevent an applicant relying solely on ignition
prevention or on flammability reduction as the means to protect the fuel system from
ignition events.

Proposed Advisory Material

A proposed AC/ACJ 25.981 (b) is included in the Task Group 8 Report. This ACJ sets
forth an acceptable method of compliance with the requirements of FAR/JAR
25.981(b). The guidance provided within this AC is harmonized with the FAA and
JAA and is intended to provide a method of compliance that has been found
acceptable.
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CHAPTER 2 POSSIBLE COMPLIANCE METHODS

2.1

2.2

Introduction

This chapter summarises the findings of the Task Groups that investigated possible
means to comply with the proposed rule.

Where possible, cost to the industry of each means is given.

Detailed reports of each Task Group’s work are attached to this report.

Explosion Suppression

Task Group 2 has performed a search for reference material and documents
concerning systems that have been specifically designed to suppress or extinguish an
explosion within a fuel tank. This search quickly revealed that a great amount of
research had been accomplished in this arena concerning military operations and the
need to protect combat aircraft from external threats where fuel ignition could resulit.

From actual live-firing tests and system performance bench tests, a number of systems
have demonstrated positive results in providing fuel tank and dry bay protection from
fuel vapor explosions. The applicable technologies center around four separate
methods of dispersing the suppressant:

+ Inert Gas Generators

+ Gas Generator driven Agent Dispersal

+ Explosive Expulsion of Low Pressure Agent

+ Explosive Release of High Pressure Agent

Four companies were contacted, and provided information pertinent to the above
suppression methods.

From the review of the data presented by these companies, it is evident that the
technology exists and is effective in suppressing the pressure effects of an explosion
before those effects can become hazardous to the tank enclosure / structure. However,
this technology is not yet fully mature and a significant amount of development is still
required to understand to the specific requirements of fuel tank wet-bay protection.

No cost information is provided in this report due to the lack of maturity for fuel tank
application.
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Reticulating Foam and Expanded Metal Products

This report provides information on two types of materials available for installation
inside aircraft fuel tanks to reduce the risks of aircraft hull losses in case of explosions:

e Reticulated polyether foam.

This type of material has been used effectively on US military aircraft such as
P-3 and C-130.

e Expanded metal products.
This type of material is not widely used on transport aircraft.

Both have more than one application