Aviation Rulemaking
Advisory Committee

Fuel Tank Inerting
Harmonization
Working Group

Submitted jointly by:
AEA, AECMA, AIA, ALPA,
API, ATA, FAA, IAM, JAA,
and NADA/F

Final Report

June 2001

AN LEA
V/ / 1 \\ N
'/ [ |
A/ ]

Association of European Airlines

NATIONAL AIR DISASTER
ALLIANCE/FOUNDATION

American
l ) Petroleum

Institute

7% European Association
aswospace InpusTIs of Aerospace Industries

Air Transport Association of America ﬂj E @ Lﬂ_ﬂj m




ARAC FTIHWG 2001 Final Report

TABLE OF CONTENTS

1.0 EXECUTIVE SUMMARY ..ottt n e nnneenees 1-1
1.1 OVERVIEW ...ttt h et e b s st e b e e sneenneenneennneen 1-1
1.2 INTRODUCTION ...ttt b e e e s e be e sneean e e aneessnesneesneennneans 1-1
1.3 SYSTEMS EVALUATED ...ttt 1-2
1.4 FTIHWG STRUCTURE ..ottt n e e nn e nne e e 1-2
1.5 SCOPE AND ASSUMPTIONS ... .ooiiiiiiieiiesie ettt sn e sne e e 1-2
1.6 TECHNICAL EVALUATIONS ... oottt sne e 1-4
1.7 TECHNICAL LIMITATIONS ...ttt sne e e 1-5
1.8 BENEFITS ..ottt e s e s m e ean e e ne e sneennneenneennneans 1-5
1.9 HAZARDS ...ttt Rt ne e e nnee e 1-8
1.10 COST-BENEFIT ANALY SIS ...t 19
1.11 OVERALL CONCLUSION .....oiiiiiiiiiiiieiiesee st sneesne e e sneennee e ens 19
1.12 RECOMMENDATIONS ... .ottt 1-10

2.0 INTRODUCGTION .....oiitiiiieiitieieesiee st et e ssee s sseesseesseesseesseeasneeaseesseeasneeaneesmeesnneareesnnesnneennees 2-1
2.1 BACKGROUND.......oeiiiiiiieiieie ettt b e s ne e s s e e nne e snn e e neeaneennneans 2-1

AN I R ol o oL J TP TP PPRUPPPRR 2-1
2.1.2 TaSKiNG SEAEMENT ......eeieiiee et e e e et e e e e e et e e s et e e snteeenneeesnneeesneeeeneeeennes 2-1
2 T 4= = PRSPPI 2-4
2.2 WORKING GROUP DEVELOPMENT ......oiiiiiiiiiiiiieesiee et 2-4
AN R O (0= 10112 1 o] o SR 2-4
2.2.2 Task Team Charters and DeliVErables ...........cocooeiiiiiiiieiee e 2-5
2.2.3 SCNEAUIE ...ttt 2-8
2.3 STANDARDS ... oottt r e e et b e e e e nnn e e ne e e an 2-9
2.3 1 ASSUMPLIONS .....eeeieeee ettt e ettt et e et e et e e e st e e e sne e e e bt eesateeesaeeesnseeesnseeeneeesnneeesnseeeneeeannes 2-9
2.3.2 GIOUNA RUIES ...ttt n e e e e e nneennneea 2-9

3.0 SERVICE HISTORY ...ttt sttt n e ne e e e n e nneennneenne s 31
3.1 METHODOLOGY ....oiiiiiiiiiiieeiiee sttt sttt st n e e sne e sse e s e e nne e sneeaneenneennnenas 31
3.2 ANALY SIS ..o nnne s 31

3.2.1 Analysisof Previous Tank EXPIOSIONS ........ccocuereiieriiiie e siee e 32
3.2.2 POSICrash FUEl Tank FIrES .......cooiiiiiiieeeee e 32
3.3 CONCLUSIONS ...ttt sttt r e s re e e e r e s se e ns s e e neesneeanneenneennneas 33

4.0 SAFETY ASSESSMENT ...ttt et 4-1
4.1 METHODOLOGY .....ooiiiiiiiieieeniee ettt sse et n e e sneesen e s neenneennnesneenneennnens 4-1
4.2 FLAMMOABILITY oottt sttt nne e s e e nneennne s 4-1

2t R 1 1 o S 4-2
4.2.2 Flammability EXPOSUrE@ ANEIYSIS......ceeiieieiiee ettt s 4-2
4.2.3 GBI ANEBIYSIS.....ooiieiieiee e 4-4
4.2.4 OBGI ANBIYSIS ...ttt 4-4
4.2.5 OBIGGS ANEIYSIS ....c.ceiiiiiiiieiie ettt nn e nnne s 4-4
4.3 FUNCTIONAL HAZARD ANALYSIS ...t 4-5
4.4 PERSONNEL HAZARDS ... oottt sttt s 4-5
T R €T 31 - USSR OURO PSPPI 4-5
A e g 1= 0 o= o= OSSR 45



ARAC FTIHWG 2001 Final Report

4.4.3 GASLOUS NITTOGEN ......ueiieiieiie ittt ettt ettt s e sae e e b e s e e san e e neesneesaneeneenneennneea 4-6
o 0o N Y 0 < o OSSR 4-6
445 GASLOUS OXYOEN ...iiiiiieeiiiieeeetieee e e eie e e e e aae e e e s asbe e e e saabeeeesaabeeeesaabbeeesaanbeeeeaanseeeesaseeaasanns 4-7
4.5 SAFETY BENEFIT ANALY SIS ..ottt 4-7
4.6 SAFETY ASSESSMENT SUMMARY AND CONCLUSIONS .......c.cooeiirieienienieseesieeens 4-10
5.0 GROUND-BASED INERTING ......ccttiiiietiiienieeiesie sttt sttt st ss e sbe e b e saeeneas 51
5.1 CONCEPT DESCRIPTION ....ciitiiiiiieitiiienie ettt se s s s se e sse e e sne e sneennas 51
L3N I R 0D T2V = 1017 ST 53

5.2 APPLICABILITY TO STUDY-CATEGORY AIRPLANES........cccooeiirieeeieseeee e 55
5.3 AIRPORT RESOURCES SYSTEM REQUIRED .......cccooiiiiiiiieienieeiesee e 55
5.4 AIRPORT OPERATIONS AND MAINTENANCE IMPACT ...cciiiiiiiiereeeeeeee e 55
Y Yoo ] o7z o] o [PPSR 55
5.4.2 Scheduled MaiNtENaANCE...........ooiiiiieiieeree et 56
5.4.3 Unscheduled MaINTENAINCE ..........coiririieiieiie ettt st nne e e 57
Y [T | A @ 0 = 10 LS 58
5.4.5 Ground OPEIaLIONS .......ccoiueeeieeeiieeeaieeesteeesteeeseeeeseeeesteeesaeeesseeesnseeeaneeesneeesnseeenneessnnes 59

5.5 SAFETY ASSESSMENT ...ttt sttt st b e sae e sbe s sne e e nne s 511
5.5.1 Hammability Exposure ANalySiSOf GBI ..........cooiiiiiiiiiiii e 511
5.5.2 Safety ASSESSMENT OF GBI ......ooiiiiiiiie et e e ens 513

5.6 COST-BENEFIT ANALY SIS ... .ottt bbb e 514
5.7 PROS AND CONS ...ttt sttt st se et e e she e e sbeess e sae e e e sbe e s e saeenenneenns 519
5.8 TECHNICAL FEASIBILITY oottt et 519
B5.8.L NEW DESIQNS ...eeiiieiie ettt et e st e e et e e et e e sate e e aneeesnte e e eateeeneeesnneeeeneeeeneeean 519
5.8.2 In-Production AIrplan@ DESIGNS .....cccceeeiiuiee et e e s e e sneeeeneeeens 519
5.8.3 In-Service Airplane REIOfIT...........oii et 519

5.9 MAJOR ISUES AND RESOLUTIONS .......oooiiiiiiiieiieeie sttt 5-20
5.10 CONCLUSIONS ... .ottt b bt st sb et sb e e e sae e e e bt e b nneeneneeenes 5-20
6.0 AIRPORT FACILITIES ..ottt b e nn e nne e nne e 6-1
6.1 CONCEPT DESCRIPTION ....ciitiiiiitieieiienit ettt s ne e ae e sne e sne e sneennas 6-1
L0 I 1 =0 oY= S 1 o S 6-1
L 0T IR o 1 o] o o S 6-4

L3N R 7= 0o 1 o S 6-8
6.1.4 Carbon Dioxide FUEl SBEUIELION ........c.cceiiieiiiiiieiee st 6-8

6.2 AIRPORT FACILITIES ...ttt sttt nne s 6-9
(S22 1V = 1 oo (o] oo 1V SR 6-9
6.2.2 AITPOIt EVAIUBLIONS .......oiieiie ettt ettt e st e e e rae e e e e e snteeeneeeenees 6-9

6.3 IMPACT ON AIRPORTS ...ttt sttt sae e e nn e e e 6-10
6.4 ENVIRONMENTAL EVALUATION ...ooiiiiiiiiieiieeie sttt 6-10
6.5 COST-BENEFIT ANALY SIS ... .ottt s 6-11
6.6 TECHNICAL LIMITATIONS ....ooiiiiiiieitiiiesie sttt 6-15
6.7 POTENTIAL IMPACT ON FUEL PERFORMANCE ........cccooiiiiieieeee e 6-15
7.0 ONBOARD GROUND INERTING ......oiiiiiiiiiiiieienie sttt 7-1
7.1 SYSTEM REQUIREMENTS ...ttt 7-1
7.2 CONCEPT DESCRIPTION ....coittiiiitieiesieeie sttt sttt sne e s sne e sne s e 7-1
T.2.1 AT SOUICR......eueeteeiee ittt h et b et h et b e bt et e bt e b e bt e aeenbeeanenbeennenbeennenne s 7-2
7.2.2 Pressure Ratio: MatCh APU PreSSUIE ..........coeeiiiieiiiiieiieeiesiesee s 7-2

FA R N = o = (o] GO 7-2
7.2.4 TIMETOr INEIMING ..veieiiie ettt e e et e e s abe e e sar e e eabee e snbeeeaneas 7-3
7.2.5 Flammability EXPOSUIE .......ccocueiiiiee ettt ettt et e et et e s tee e sabe e e sare e ebee e snbeeeneas 7-3



ARAC FTIHWG 2001 Final Report

7.3 APPLICABILITY OF CONCEPT TO STUDY-CATEGORY AIRPLANES...........ccccoiirnenne 7-3
7.4 AIRPORT RESOURCES REQUIRED .......ccooiiiiiiiiieiieesiee et 7-3
7.5 AIRLINE OPERATIONS AND MAINTENANCE IMPACT ...otiiiiiiiieeeeeee e 7-4
4838 1Y/ oo [ o= o o ST 7-4
7.5.2 Scheduled MaiNtENaNCE. ........c.eiiiiiieriee e eee et et ee et e et e ste e e sneeeeneeesneeeenneeeenees 7-5
7.5.3 Unscheduled MaiNteNaNCE ... .coeiuiieiiee e eeeeeee et eee et e et se e e sneeesee e e sneeeenneeeenees 7-5
7.5.4 Fight OPEIraLIONS .....oeiueiieiiee et eeeeeeee ettt e et ee e et e e ste e e sseeesaeeesnteesneeesnneeesnseesnneeeans 7-10
7.5.5 Ground OPEIaLIONS .......ceeiueeiieeeiieeerieeeeeeeeteeeseeeeesteeesteeesseeesaeeesneeesaseeesreeesnseesaneeesns 7-10

7.6 SAFETY ASSESSMENT ..ot 711
7.7 COST-BENEFIT ANALY SIS ... ittt 7-12
7.8 PROS AND CONS ...ttt n e e san e e ne e e s nn e e neennes 7-17
7.9 MAJOR ISSUES AND RESOLUTIONS .....oooiiiiiiiieiiee e 7-17
T.9.1 SYSIEIM SIZE....eeeeie e 7-17
7.9.2 Air SEparator MOAUIES .......oooeii et s e e ens 7-18
A RS RS = 1 Lo =l = o OSSR 7-18
7.10 CONCLUSIONS .....oooiiiiiieiee ettt s e sne e s ne e sme e san e e n e e sneennneeneennes 7-18
8.0 ONBOARD INERT GAS GENERATING .......ooiiiiiiiiiieieesiee st 81
8.1 SYSTEM REQUIREMENTS ...t 81
8.2 SYSTEM CONCEPT DESCRIPTION ....cciiiiiiiiiiieiiesie e 81
S ANt R N o 11 o= ST 82
8.2.2 PrESSUINE RELIO ..ccueeeeiiiieieee ettt ettt ettt e e sat e e st e e sate e e neeeeneeesnteeeneeeennes 83
oG B N S = o] ST 83
8.2.4 DESCENE RELE ... ettt ettt e e e st e e s s rabe e e e e abbe e e e snbe e e e e anneeaenaan 83
8.2.5 Flammability EXPOSUIE .......ccoiueieiiiieiiee et eee ettt s e e e e e e e e sneeeenneeeenees 83

8.3 APPLICABILITY OF CONCEPT TO STUDY-CATEGORY AIRPLANES...........cccceoirnenne 8-3
8.4 AIRPORT RESOURCES REQUIRED .......cccociiiiiiiiiiieiee et 83
8.5 AIRLINE OPERATIONS AND MAINTENANCE IMPACT ...ooiiiiieiieeenee e 84
LSS0 I 1Y/ oo [ o= oo ISR 84
8.5.2 Scheduled MaiNtENaNCE. ........c.eieiieeeiiie et e e et e e e ene e e eae e e sneeeeneeeenees 84
8.5.3 Unscheduled MaiNtENANCE ... .cooiuiieiiee e eee et et e e et e e sneeeeneeeenees 85
8.5.4 Hlight OPEIaLIONS .....oeueeiiiiieeiie ettt ettt et e see e e st e e ste e e saeeesneeesnneeesneeeenneeeans 814
8.5.5 GrouNd OPEIELIONS .......ceeieeeeiiee e e iiee et et e et eeeete e e seeeesaeeesteeesaeeeeseeesnneeesnseeenneeeans 815

8.6 SAFETY ASSESSMENT ..ottt 815
8.7 COST-BENEFIT ANALY SIS ...ttt 8-16
8.8 PROS AND CONS ...ttt n e nn e n e s ne e s e e neennes 8-20
8.9 MAJOR ISSUES AND RESOLUTIONS ......ooiiiiiiitieiie e 821
B.9.1 SYSIEM SIZE.....eeeeie s 821
8.9.2 Air Separalor MOAUIES .......cooueiiee et 822
LIS I RS = 1 Lo = = ot OSSR 8-22
8.10 CONCLUSIONS ... oottt sttt ne e s me e san e e r e e nneenar e e neennes 8-22
9.0 HYBRID INERT GAS GENERATING SYSTEM ..ottt 91
9.1 SYSTEM REQUIREMENTS ..o 91
9.2 CONCEPT DESCRIPTION ..ottt neesne e e sneesnee e ans 91
9.3 APPLICABILITY OF CONCEPT TO STUDY-CATEGORY AIRPLANES...........ccceviinenne 91
9.4 AIRPORT RESOURCES REQUIRED .......cccoiiiitiiiiiiiieiee st 9-2
9.5 AIRLINE OPERATIONS AND MAINTENANCE IMPACT ....otiiiiiiiieeenee s 9-2
9.6 SAFETY ASSESSMENT ..ottt nne e 9-2
9.7 COST-BENEFIT ANALY SIS ...ttt 9-6
9.8 PROS AND CONS OF SYSTEM DESIGN CONCEPT ......ccccoiiiirrieieereenieeree e 9-19



ARAC FTIHWG 2001 Final Report

9.9 MAJOR ISSUES AND RESOLUTIONS ASSOCIATED WITH CONCEPT ........ccccvvuenee. 9-20
O.10 CONCLUSIONS ...ttt b et b e ae e bt e sb e et e sb e e e e she e e e sbe e b e saeenesneenes 9-21
10.0 AIRPLANE OPERATIONS AND MAINTENANCE .....cccoooiiiiiiieeeeeee e 10-1
10.1 METHODOLOGY ....ooiiiiiiiiiiaieeiieiee ettt sttt it sie s sie b ieesbesseesbe e e e sbeennesaeenesneenes 10-1
10.1.1 MOQITICAION ...ttt b et n e et e 10-3
10.1.2 MEL REER ..ot 10-5
10.1.3 Scheduled MaINTENANCE........c.cutiieeiieere et 10-7
10.1.4 Unscheduled MaiNteNaCE. ...........eeiueerrieiiienieesieeiee st sr e e e 109
10.1.5 Flight OPEraLIONS .......eieieieeiieiee et e eeeesee et e e eeesaeeessaeeeste e e sateesaneeesneeesneeeesneeesneens 10-10
10.2.6 GrouNd OPEFELIONS .....cecuueeeeeeeeieeeaieeeseeeeeeesteeesseeessseeesteeesneeeeaneeesneeesnseeesneeesnneens 1011
10.2 MAINTENANCE IMPACTS ...ttt sb e 10-12
10.2.1 Modification and REIIOFIT ..........coiiiiieieiieee e s 10-12
10.2.2 MEL REE ...ttt b e 10-12
10.2.3 Scheduled MaINTENANCE. ........ccuiiiirieeee e 10-12
10.2.4 Unscheduled MaiNteNaNCE. ..........ueriueerrieirieieesee et 10-13
10.2.5 MaINENANCE TTAINING «..vveeeeeeeeieeeaieeeseeeeeeeeteeeaseeeesseeesnteeesneeesaneeesseeesneeeesneeesnseens 10-14
10.3 OPERATIONAL IMPACT ..ottt sttt s n e s sae s 10-14
10.3.1 Flight OPErELIONS ......eeieieieeeieee et e eieeesteeeetee e eesaeeeeseeeesbeeesseeesneeesneeesneeeeaneeesnneens 10-14
10.3.1.1 Schedul@ IMPACE.......cc.eiieiiieieieeiceee et 10-14
10.3.1.2 MEL REEf ...t 10-15
10.3.1.3 LOSE REVENUE. ..ottt st st 10-15
10.3.2.4 Flight Operations SAfELY ........ccceeeiieeiiiee e 10-15
10.3.1.5 Flight OperationS TraiNiNg .......ccveeeieeeiieeeeieeeseeeeeeeeeieeeseeeeeneeeeseeeesneeeenneeeenees 10-16

10.3.2 GrouNd OPEFELIONS ....ccecueeeeeeeeeieeeaieeeseeeeeeesteeesseeessseeesnteeessseesaneeesnneeesnseeeaneeesnseens 10-16
10.3.2.1 Ground OperationS SAfELY .........ceeieeeriiieiie e 10-16
10.3.2.2 Ground OperatioNS TraINING .......cceeeeereeeeaieeereeeeneeeeeeeeseeeeseeeeseeeesneeeenseeesnees 10-16
10.3.2.3 GrOUNG SEIVICING ... ueeeeeeeeeieeeiieeeeiieeeieeeete e e steeesaeeesnteeesneeesseeesnreeesneeeenneeeennes 10-17

11.0 ESTIMATING AND FORECASTING ..ottt 1-1
11.1 METHODOLOGY ....uiiiiiiieieeieeiesiee sttt st eeshe s sae et saeesbesieesbesseesbeeseesbeennesaeennesneenes 1-1
11.2 ECONOMIC MODEL FACTORS.......ooiiitieieiteeie sttt 1-2
11.3 STUDY PERIOD ....cuoiiiiiiiiiieieeee ettt sttt b et sbe e sbe e nne e e nne s 1-4
11.4 IMPLEMENTATION ..ottt sttt sb e sbe e sne e sne e nne s 11-4
11.5 COST SUMMARIES .......oeoiiieieeene ettt sb et sb e bt nn e 11-5
12.0 REGULATORY IMPACT ....oiitiiiiitieie ittt sae e sie et e e s e nees 12-1
12.1 TYPE CERTIFICATION ...ttt et 12-1
12.2 MAINTENANCE AND AIRPLANE OPERATIONS ......cciiiiirieniereeseeee e 12-3
12.3 AIRPORT FACILITIES ..ottt 12-6
12,4 ENVIRONMENTAL ..ottt sttt st n s 12-6
12.5 REGULATORY TEXT AND GUIDANCE MATERIAL .....oooiiiiiiiiiiiec e 12-6
230 V= 1o o (o] oo VSR 12-7
A o L o 10 = o] Y = R 12-8
12.5.3 Intent of Proposed Guidance Material ............occeeiiiriiiiiee e 12-10
12.5.4 GUIANCE MELENTEL .......occveiiiiiiiieiee e 12-13
13.0 CONCLUSIONS AND RECOMMENDATIONS........coiiieitirientieie sttt 131
13.1 OVERALL CONCLUSIONS .......cotiiiiieiiiiesie ettt 131
13.2 RECOMMENDATIONS ...ttt sb e sb e e sae et st n e e s 133



ARAC FTIHWG 2001 Final Report

1-1.
1-2.
1-3.
1-4.

4-1.
4-2.
4-3.
4-4.
4-5.
4-6.
4-7.
4-8.
51
5-2.
5-3.
5-4.
5-5.
5-6.
5-7.
5-8.
5-0.
5-10.
511
5-12.
5-13.
5-14.
5-15.
5-16.

5-17.
5-18.

6-1.
6-2.
6-3.
6-4.

6-6.
6-7.

6-9.
6-10.

7-2.

LIST OF FIGURES

Technical Summary of Inerting SyStem CONCEPLS ........corvieiieerrerie e 1-4
Flammability Exposure—Generic In-Service and Current Production Airplanes .............c.cee..... 1-6
Worldwide Forecast Cumulative ACCIHENES.........c.eeiririieiieiie e 1-7
Estimated Cumulative Worldwide Avoided Accidents, 2005 Through 2020 ..........ccccccoeeeiieeenneen. 1-8
Cost-Benefit Analysis Results, Worldwide Fleet, 2005 Through 2020, Based on Present Value

INYEAN 2005 BUS ...ttt b et b e h e e bt et ae b he et ne e neene e 19
Generic Tank Thermal CharaCteriStiCS .......cooveeieeriiiiieiie e 4-3
PErSONNEl HAZAIS .........coueiieeeee et 4-6
Worldwide Unexplained Fuel Tank Explosion Accident History and Forecast ...........cccceeeeenee.. 4-8
Average Number of People on Board Each Generic Airplane..........ococovieeeiieicieeiee e, 49
Worldwide Accidents Avoided by GBI and OBIGGS ...........cccoeeiiiieiiiieiiee e 49
Summary of Lives Affected Worldwide by INerting .........ooceee i 4-10
Accident Forecast Summary INfOrmMation ...........oceeeiiiieiiireiee e 411
Fuel Tank Explosion Accident Rate COmMPariSON ..........coevueeeiieeeiiee e siee e e e 411
Center Tank Installation CONCEPL ........ocueiiiiie et e e s e e 52
Center and Auxiliary Tank Installation CONCEPL ........evvieieiiiie e 54
Modification Estimates for Ground-Based Inerting SyStems........cc.oovcieeiieeeiee e 56
GBI Additional Scheduled MaintenanCe HOUIS ............cooviiiieiiieiii e 57
GBISRdiability and Maintainability ANalYSIS.......cccoiiiiiiiiiiiee e 58
GBI System COSt 10 CAlTY ...cooieeieieiiiieee ettt ettt e st e e e e sabe e e s s abe e e s e aabee e e s aanreeesaanes 58
Annual Labor Estimate for Ullage Washing .........ccoo e e 5-10
Flammability Exposure Results, Ground-Based Inerting System .........ccooveevieeeiceeevien e 512
U.S. Cumulative Accidents With Ground-Based INerting .........cccoooeevieeriiinniee e 513
Worldwide Cumulative Accidents With Ground-Based [Nerting ..........cccoveeeeeeeeveeeeiee e 514
Scenario 11—Ground-Based Inerting, HCWT Only, All Transports (World) .........cccoveeeeeenns 515
Scenario 12—Ground-Based Inerting, All Fuselage Tanks, All Transports (World) .................. 515
Scenario 11—Ground-Based Inerting, HCWT Only, All Transports (U.S.) ..coocveeveeeeieeiieene 5-16
Scenario 12—Ground-Based Inerting, All Fuselage Tanks, All Transports (U.S)) ......ccceeveeeeee 516

Scenario 11—Ground-Based Inerting, HCWT Only, All Transports (World, Passenger Only) .. 5-17
Scenario 12—Ground-Based Inerting, All Fuselage Tanks, All Transports
(World, Passenger ONlY) .......eeoieee ettt e et st e e snte e e ae e e emne e e sneeeenes 517
Scenario 11—Ground-Based Inerting, HCWT Only, All Transports (U.S., Passenger Only) .... 5-18
Scenario 12—Ground-Based Inerting, All Fuselage Tanks, All Transports

(S = 0T 1= G o Y SR 518
Membrane Gas Generator at Concourse for Ullage Washing .........cooceveverenieeeicee e 6-2
Typical Metering Station, Nitrogen Flow, and Pressure Control .............cccoveeeeiee e eniee e 6-2
Current Tank Farm ConfigUraion............oeeieeeiiiieniee et eee et se e seee e see e seeeesneeesneeeeneas 6-6
Fuel-Farm Piping With Added Fuel Scrubbing Unit ..........c.ooooiriii e 6-6
Complete Fuel Scrubbing OPeration ...........cccooieiiiee i 6-7
Airport Facility Survey Form for FAA Fuel Tank INerting .......coooceveieeiieiiiee e 6-10
ARAC Facility Estimate—Fixed Ullage SyStem ..........oo e 6-12
ARAC Facility Estimate—Mobile Ullage SyStem ........oooeieieeee e 6-12
ARAC Facility Estimate—Fixed Scrubber System ... 6-13
ARAC Facility Estimate—Mobile Scrubber System ... 6-13
OBGIS SCHEIMELIC ..ottt sb e sa e se e sne e e nne s 7-2
Modification Estimates for the OBGIS .........cocooiiiiiiiieeee e 7-4



ARAC FTIHWG 2001 Final Report

7-3.
7-4.
7-5.
7-6.
7-7.
7-8.
7-9

7-16.
7-11.
7-12.
7-13.
7-14.
7-15.
7-16.
7-17.
7-18.

7-19.

7-20.

81
8-2.
8-3.
8-4.
8-5.
8-6.
8-7.
8-8.
89

8-10.
811
8-12.
8-13.
8-14.
8-15.

8-16.
8-17.

8-18.

OBGI Additional Scheduled MaintenanCe HOUIS ........ooeeiiiiriii e 7-5
OBGIS ANNUEl USE RALE........oiiie ettt ettt e et e e s e smee e e nneeeenees 7-5
Predicted OBGIS AnNnual Faillur@ RELE............cueiiiiei et 7-6
Annual Unscheduled Maintenance Labor Estimate per Airplane........ccoocoveieevccieiin e, 7-7
OBGISAVATADIIITY ..ottt b e sa e nae s 7-8
MEL Dispatch REEf EffECL .......coiuiiieiiiii e e e 7-9
Annua OBGIS Hlight Del@y HOUIS ......cooiiiieiee et 7-10
U.S. Cumulative Accidents With Onboard Ground INerting ..........ccceeeeeeveerenceeeicee e eseee e 7-11
Worldwide Cumulative Accidents With Onboard Ground INerting ...........ccceveeeviieeiien e 7-12
Scenario 1—Onboard Ground Inerting, HCWT Only, Large, Medium,

Small Transports, PSA/Membrane Systems (WOorld) .........cccveiieiieieiieeesee e 7-13
Scenario 2—Onboard Ground Inerting, All Fuselage Tanks, Large, Medium,

Small Transports, PSA/Membrane Systems (WOorld) .........cccoeiiiiiieiiciieesee e 7-13
Scenario 1—Onboard Ground Inerting, HCWT Only, Large, Medium, Small Transports,
PSA/Membrane SYStEMS (U.S.) ....eoiiiiieiiie et s seee e e nee e e 7-14
Scenario 2—Onboard Ground Inerting, All Fuselage Tanks, Large, Medium,

Small Transports, PSA/Membrane Systems (U.S.) ...coooeeriiiee et 7-14
Scenario 1—Onboard Ground Inerting, HCWT Only, Large, Medium, Small Transports,
PSA/Membrane Systems (World, Passenger Only) ......oooiiiiieeieecee e 7-15
Scenario 2—Onboard Ground Inerting, All Fuselage Tanks, Large, Medium,

Small Transports, PSA/Membrane Systems (World, Passenger Only) .......cccooeeeviiveiciniieens 7-15
Scenario 1—Onboard Ground Inerting, HCWT Only, Large, Medium, Small Transports,
PSA/Membrane Systems (U.S., Passenger ONlY) ..ooooeee i 7-16
Scenario 2—Onboard Ground Inerting, All Fuselage Tanks, Large, Medium,

Small Transports, PSA/Membrane Systems (U.S., Passenger Only) .......oocceeierviieeenieeeieeenns 7-16
OBGI Required Resources for All TaNKS .......coceeiieiiiie e 7-18
OBIGGS SCHEMELIC .......eeeueeieeete ettt st b et b e sb e seenreennas 8-2
Modification EStimationsfor OBIGGS..........coceiiiiiieiee e 84
OBIGGS Additional Scheduled Maintenance Times—Cryogenic System ........cccoecceevceeenieenee 85
OBIGGS Additional Scheduled Maintenance Times—Membrane System .........ccococvvvceeieenee. 85
System Annual UtIliZation REEE ..........ooouiiiiie ettt 8-6
SYSIEM MTBUR ...ttt b ettt b e nb e seenne e 8-7
System Annual FallUr@ RALE ... ..oi i 88
Additional ANNUal LaDOr-HOUS..........ccueiiiiiie ettt st neeesnee s 89
Additional ANNUEL LaDOK COSES........eeieiieiiiie ettt e e sneeeeneee e 810
System Availability (10 DaysS MMEL REIES) ......ccoiiiiiiiiiieiiceeeeeee e 811
D o s o= == (o o ) SR 812
OBIGGS Power RequIremMents (KVA) ... .ooo et eenee e 813
U.S. Cumulative Accidents With OBIGGS ........ccoceiiiieeeiie e 815
Worldwide Cumulative Accidents With OBIGGS...........oocoiiiiiieiiee e 8-16
Scenario 5—0BIGGS, All Tanks, Large and Medium Transports, Membrane Systems, and Small
Transports, PSA/Membrane Systems (World) ........oocoeeiiiii e, 817
Scenario 13—OBIGGS, All Tanks, Large and Medium Transports, Cryogenic Systems, and Small
Transports, PSA/Membrane Systems (World) ........ooceoeeiiiiie e 817
Scenario 5—0BIGGS, All Tanks, Large and Medium Transports, Membrane Systems, and Small
Transports, PSA/Membrane Systems (U.S.) ..ooooeeriie e 818
Scenario 13—OBIGGS, All Tanks, Large and Medium Transports, Cryogenic Systems, and Small
Transports, PSA/Membrane Systems (U.S.) oot 8-18

Vi



ARAC FTIHWG 2001 Final Report

8-19.

8-20.

8-21.

8-22.

9-1.
9-2.
9-3.
9-4.
9-5.
9-6.
9-7.
9-8.

9-9.

9-10.

9-11.

9-12.

9-13.

9-14.

9-15.

9-16.

9-17.

9-18.

9-19.

9-20.

9-21.

9-22.

9-23.

Scenario 5—O0BIGGS, All Tanks, Large and Medium Transports, Membrane Systems,

and Small Transports, PSA/Membrane Systems (World, Passenger Only) ........cccocovevveriieenen. 819
Scenario 5—O0BIGGS, All Tanks, Large and Medium Transports, Membrane Systems,

and Small Transports, PSA/Membrane Systems (U.S., Passenger Only) ........ccccevveieerieennen. 819
Scenario 13—OBIGGS, All Tanks, Large and Medium Transports, Cryogenic Systems,

and Small Transports, PSA/Membrane Systems (U.S., Passenger Only) ........cccccevveveerieennen. 8-20
OBIGGS SYSLEIM SIZE ISTUBS .....oveeuiiiieeiieie sttt sttt si ettt e b sbe e sae b saeenesaeennenanens 8-21
U.S. Cumulative Accidents With Hybrid OBIGGS...........cccooioiiiiiieiee e 9-3
Worldwide Cumulative Accidents With Hybrid OBIGGS ...........cccciviiiiiiiieeeeeee e 9-4
U.S. Forecast Cumulative Accidents With Hybrid OBGIS...........cccooiiieiiieiee e, 9-5
World Forecast Cumulative Accidents With Hybrid OBGIS...........cooooiiiiiieieecee e, 9-6
Scenario 3—Hybrid OBGI, Heated CWT Only, Large, Medium, Small Transports,
PSA/Membrane Systems (WOrld) ........ooeeieiiieeeie e 9-7
Scenario 4—Hybrid OBGI, All Fuselage Tanks, Large, Medium, Small Transports,

PSA/Membrane Systems (WOrd) .......oooeiieiie e e 9-7
Scenario 7—Hybrid OBIGGS, Heated CWT Only, Large and Medium Transports,

Membrane Systems, and Small Transports, PSA/Membrane Systems (World) .........ccccccceeeeee. 9-8
Scenario 9—Hybrid OBIGGS, All Tanks, Large and Medium Transports, Membrane

Systems, and Small Transports, PSA/Membrane Systems (World) ..........oocoveieiiiiieicieenieeee 9-8
Scenario 14—Hybrid OBIGGS, Heated CWT Only, Large and Medium Transports,

Cryogenic Systems, and Small Transports, PSA/Membrane Systems (World) ............cccoeeeeen.e. 9-9
Scenario 15—Hybrid OBIGGS, All Tanks, Large and Medium Transports, Cryogenic

Systems, and Small Transports, PSA/Membrane Systems (World) .........coocoveiieieiiinicineneeee 9-9
Scenario 3—Hybrid OBGI, Heated CWT Only, Large, Medium, and Small Transports,
PSA/Membrane SYStEMS (U.S.) ....eoiiiieeiie ettt s neeeenes 9-10
Scenario 4—Hybrid OBGI, All Fuselage Tanks, Large, Medium, and Small Transports,
PSA/Membrane SYStEMS (U.S.) ....eoiiiieeiie et e e e 9-10
Scenario 7—Hybrid OBIGGS, Heated CWT Only, Large and Medium Transports,

Membrane Systems, and Small Transports, PSA/Membrane Systems (U.S.) .....ccccoeceveieeennee 911
Scenario 9—Hybrid OBIGGS, All Tanks, Large and Medium Transports, Membrane

Systems, and Small Transports, PSA/Membrane Systems (U.S.) ....ooevieriiniiin e 911
Scenario 14—Hybrid OBIGGS, Heated CWT Only, Large and Medium Transports,

Cryogenic Systems, and Small Transports, PSA/Membrane Systems (U.S.) .....oovcvveiceeiieens 9-12
Scenario 15—Hybrid OBIGGS, All Tanks, Large and Medium Transports, Cryogenic

Systems, and Small Transports, PSA/Membrane Systems (U.S.) ....ooevieiiiiiiiin e 9-12
Scenario 3—Hybrid OBGI, Heated CWT Only, Large, Medium, and Small Transports,
PSA/Membrane Systems (World, Passenger Only) .....ooooiiiiieeiee e 9-13
Scenario 4—Hybrid OBGI, All Fuselage Tanks, Large, Medium, and Small Transports,
PSA/Membrane Systems (World, Passenger Only) ......oooeiiiieiiee e 9-13
Scenario 7—Hybrid OBIGGS, Heated CWT Only, Large and Medium Transports, Membrane
Systems, and Small Transports, PSA/Membrane Systems (World, Passenger Only)................ 9-14
Scenario 9—Hybrid OBIGGS, All Tanks, Large and Medium Transports, Membrane

Systems, and Small Transports, PSA/Membrane Systems (World, Passenger Only)................ 9-14
Scenario 13—OBIGGS, All Tanks, Large and Medium Transports, Cryogenic Systems,

and Small Transports, PSA/Membrane Systems (World, Passenger Only) ......ccccocovevieeeieene 9-15
Scenario 14—Hybrid OBIGGS, Heated CWT Only, Large and Medium Transports, Cryogenic
Systems, and Small Transports, PSA/Membrane Systems (World, Passenger Only)................ 9-15
Scenario 15—Hybrid OBIGGS, All Tanks, Large and Medium Transports, Cryogenic

Systems, and Small Transports, PSA/Membrane Systems (World, Passenger Only)................ 9-16

Vii



ARAC FTIHWG 2001 Final Report

9-24.

9-25.

9-26.

9-27.

9-28.

9-29.

9-30.
9-31.
10-1.
10-2.
10-3.
11-1.
11-2.
11-3.
11-4.
11-5.

Scenario 3—Hybrid OBGI, Heated CWT Only, Large, Medium, Small Transports,

PSA/Membrane Systems (U.S., Passenger ONlY) .....oooeviiiiiieiieiieeesee e 9-16
Scenario 4—Hybrid OBGI, All Fuselage Tanks, Large, Medium, Small Transports,

PSA/Membrane Systems (U.S., Passenger ONlY) .....ooovviiiiiienieieeeesee e 9-17
Scenario 7—Hybrid OBIGGS, Heated CWT Only, Large and Medium Transports, Membrane
Systems, and Small Transports, PSA/Membrane Systems (U.S., Passenger Only) .................. 9-17
Scenario 9—Hybrid OBIGGS, All Tanks, Large and Medium Transports, Membrane

Systems, and Small Transports, PSA/Membrane Systems (U.S., Passenger Only) .................. 9-18
Scenario 14—Hybrid OBIGGS, Heated CWT Only, Large and Medium Transports, Cryogenic
Systems, and Small Transports, PSA/Membrane Systems (U.S., Passenger Only) .................. 9-18
Scenario 15—Hybrid OBIGGS, All Tanks, Large and Medium Transports, Cryogenic

Systems, and Small Transports, PSA/Membrane Systems (U.S., Passenger Only) .................. 9-19
Hybrid OBGIS INStall@tion ISSUES..........ooiiieiiie et 9-20
Hybrid OBIGGS INS@llalioN ISSUES .......oeeeiieiiiieiiee ettt s 9-21
Flight Delay ASSUMPEIIONS .....cciiiieiiereiiee et eee et e et e e et e e e et e e ste e e smteeeneeesnseeesnneeenneeeannes 10-7
Average Flegtwide Maintenance INtEIValS. .......coo i iiie i 10-8
ATrplane USE DY CalBQOIY ....eeiuveieiuieeeiiieeieeeetee e ee et e e s e e et eesteeesnteeesnseesseeesnneeesneeeenneeeans 10-10
Inerting CombinatioNS EVAIUBLEA ...........ooiiuiiiiiiieiee et 11-1
Cost Summary—Worldwide Fleet, All TrangportS........ccceeeieeeieereriee e eee e see e 115
Cost Summary—U.S. Fleet, All TranSPOrtS ....cocueeeiieeeiee et naee e 115
Cost Summary—Worldwide Fleet, Passenger Planes Only ........cooooeeviiieiiiii e 11-6
Cost Summary—U.S. Feet, Passenger PlaneS Only ......ooooieeiiieiee e 11-6

viii



GLOSSARY

AC advisory circular

AD Airworthiness Directive

AEA Association of European Airlines

AECMA European Association of Aerospace Industries
AlA Aerospace Industries Association

ALPA Airline Pilots Association

API American Petroleum Ingtitute

APU auxiliary power unit

ARAC Aviation Rulemaking Advisory Committee
ASM air separator module

ASTM D an ASTM test designation

ASTM American Society for Testing and Materias
ATA Air Transport Association of America
ATB air turnback

BITE built-in test equipment

CBT computer-based training

CFR Code of Federd Regulations

CMR certification maintenance requirement

CRC Coordinating Research Council

CWT center wing tank

DDG dispatch deviation guide

DOT Department of Transportation

EPA Environmental Protection Agency

ER extended range

ERA-7 an additive for CO,-enriched fuel

ETOPS extended twin operations

FAR Federa Aviation Regulation

FHA functiona hazard analysis

FTHWG Fuel Tank Harmonization Working Group
FTIHWG Fuel Tank Inerting Harmonization Working Group
GBI ground-based inerting

GBIS ground-based inerting system

GN, gaseous nitrogen

GPM gdlons per minute

HCWT heated center wing tank

HWG Harmonization Working Group

IAMAW International Association of Machinist Aerospace Workers
IATA International Air Transport Association
JAA Joint Airworthiness Authorities

JAR Joint Aviation Requirements



LFL

MEL
MMEL
MO
MSG-3
MTBF
MTBMA
MTBUR

NEA
NIOSH
NPRM
NSF
NTSB

OBGI
OBGIS
OBl
OBIGGS
OEM
OSHA

p/m
PRV
PSA

SB
SCF
SCFM
SFAR

TC
TCAS

UFL

vVOC

lower flammability limit

minimum equipment list

master minimum equipment list
modification order

Maintenance Steering Group—Version 3
mean time between failures

mean time between maintenance actions
mean time between unscheduled removal

nitrogen-enriched air

National Institute of Occupational Safety and Hedlth
Notice of Proposed Rulemaking

nitrogen-saturated fuel

National Transportation Safety Board

onboard ground inerting

onboard ground inerting system

onboard inerting

onboard inert gas generating system

origina equipment manufacturer

Occupational Safety and Health Administration

parts per million
pressure-regulating valve
pressure-swing adsorption

service bulletin

standard cubic feet

standard cubic feet per minute
Specia Federal Aviation Regulation

type certificate
traffic collision avoidance system

upper flammability limit

volatile organic compound



Alewwing aAlIN29x3g
0l



ARAC FTIHWG 2001 Final Report

1.0 EXECUTIVE SUMMARY

1.1 OVERVIEW

This report presents the findings of the Aviation Rulemaking Advisory Committee (ARAC) Fuel Tank
Inerting Harmonization Working Group (FTIHWG). The ARAC and its working groups cooperate to bring
the expertise of the aviation industry, regulatory agencies, and public interest groups together to study
specific subjects. The primary mativation of the FTIHWG is to save lives by enhancing airplane safety in
an effective and practical manner.

The FAA tasked ARAC to provide a report recommending regulatory text and data needed by the FAA to
evaluate options for new rulemaking requiring the elimination or significant reduction of flammable vapors
through fuel tank inerting of transport-category airplanes. The FTIHWG studied severa fuel tank inerting
concepts. Fuel tank inerting is a method of reducing the oxygen concentration within fuel tanks to
decrease the risk of explosions. Using methodology patterned after accepted FAA economic analysis
practices, the FTIHWG found that none of these systems produced benefits, at present technology
maturity levels, that were reasonably balanced by their costs.

The requested data is contained in this report. However, the FTIHWG is not recommending proposed
regulatory text because this study was unable to identify any practical way of implementing the inerting
designs studied.

Consequently, FTIHWG recommends that the FAA, NASA, and aviation industry conduct further
research with an objective of developing more viable solutions for reducing fuel tank flammability much
sooner than any of the inerting concepts evaluated could be implemented.

1.2 INTRODUCTION

The FTIHWG—the author of this report—has built upon the work of the 1998 Fuel Tank Harmonization
Working Group (FTHWG), which assessed a broad range of methods to improve fuel tank safety through
reduced flammability exposure. The FTHWG in its 1998 final report recommended that the FAA
investigate further the feasibility of what it then identified as the two most promising methods:

Directed ventilation.
Fuel tank inerting.

The FAA chose to evaluate directed ventilation internally and tasked the ARAC with evaluating fuel tank
inerting, leading to the formation of the FTIHWG. The FAA Tasking Statement requested that this HWG
define and evaluate fuel tank inerting design concepts that would eiminate or significantly reduce the
development of flammable vaporsin fue tanks. The FTIHWG was given 12 months to complete this
assignment and prepare this final report.

Within this report is a comprehensive evaluation of the technical, safety, and economic merits of ground-
based and onboard fuel tank inerting systems for in-service, current production, and new type design
transport-category airplanes.

This ARAC study includes results of ongoing work being performed by the FAA under itsinterna fuel
tank inerting research program. This FAA research covers the evaluation of the latest-available nitrogen
generating technologies, research into fuel flammability, and various methods of inerting fuel tanks. Also
covered in this report is the ground and flight-test program completed by the FAA and industry in early
2001, which provided essential data for this report.
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1.3 SYSTEMS EVALUATED
The three basic inerting design system concepts addressed by the FTIHWG are

Ground-Based Inerting (GBI)—a system using ground-based nitrogen gas supply equipment to inert
fudl tanks that are located near significant heat sources or that do not cool at a rate equivalent to
unheated wing tanks. The affected fuel tanks would be inerted once the airplane reaches the gate and
is on the ground between flights.

Onboard Ground-Inerting (OBGI)—an onboard system that uses nitrogen gas generating equipment to
inert fuel tanks that are located near significant heat sources or that do not cool at a rate equivalent to
an unheated wing tank. The affected fuel tanks will be inerted while the airplane is on the ground
between flights.

Onboard Inert Gas Generating System (OBIGGS)—a system that uses onboard nitrogen gas
generating equipment to inert al the fuel system’s tanks so that they remain inert throughout normal
ground and typical flight operations.

In addition to these three basic design concepts, derivative combinations of OBGI and OBIGGS were aso
studied. They are described as “ hybrid systems’ in this report.

14 FTIHWG STRUCTURE
To manage and accomplish the requirements established by the FAA Tasking Statement, the FTIHWG
established three primary task teams:

Ground-Based Inerting Design (GBI).

Airport Fecilities (for GBI).

Onboard Inerting Design (OBGI, OBIGGS, hybrid systems).

In addition, five support task teams were created:
- Airplane Operations and Maintenance.
Estimating and Forecasting.
Safety.
Rulemaking.
Integration.

15 SCOPE AND ASSUMPTIONS

The overal mission of the FTIHWG has been to determine whether safety enhancement through fuel tank
inerting systemsiis practical. If not, this body was asked to propose research programs that would lead to a
practical system.

The task teams included representatives from U.S. and non-U.S. companies from a variety of fields
(e.g., commercial airlines, major and genera aviation manufacturers, petroleum refiners, industrial gas
suppliers, public interest groups). These experts worked closely to devise a practical inerting system.

As defined in the Tasking Statement, the FTIHWG based its work on the assumption that the proposed
fuel tank inerting systems are not considered flight critical and, therefore, airplanes may be dispatched with
the system inoperative. This assumption is fundamental to the technical and cost conclusions of this report.
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For the purposes of this study, it was assumed that the resources would be made available as needed to
implement a desirable inerting system. Further studies would be needed to assess the effect of the
unavailability of industrial capacity, personnel, or any other resources needed to implement an inerting
system.

During the study period, some 70 experts spent more than 50,000 hr evaluating a large number of fudl tank
inerting options and design concepts together with the effects these systems would have if implemented in
the existing fleet as well as airplanes yet to be designed. Areas specifically evaluated for resultant effects
were safety (measured in the anticipated preclusion of future accidents), regulation, airplane configuration,
airport infrastructure, and flight and maintenance operations. Underlying this exhaustive effort were a
single defined set of study ground rules that were used by all participants to ensure that each team
worked consistently and was aware of the requirements in al other aress.

When completed, the above efforts yielded a detailed body of knowledge that allowed the FTIHWG to
draw informed conclusions based on data and analysis. These conclusions and recommendations
specifically address the technical limitations of inerting, its potential benefits and hazards, and the relative
costs of implementing inerting versus its projected benefits (i.e., cost-benefit analysis) as described bel ow
and in the body of this report.
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1.6 TECHNICAL EVALUATIONS

Figure 1-1 summarizes the technical evauation of each of the inerting system concepts considered by the
FTIHWG

1. Ground-Based Inerting (GBI)

Concept

Center wing tanks (heated or unheated) and auxiliary fuel tanks are purged at the gate with nitrogen-enriched air (NEA) from an
airport supply. Airplanes are equipped with a dedicated NEA service panel and manifold connected to a series of outlets inside the
appropriate tank(s), thereby inerting the ullage (air space above the liquid fuel). Large transports take 30 minutes to inert, medium
transports 25 minutes, and small transports 20 minutes.

Advantages

Simple, reliable, lightweight onboard equipment (tubes, etc.). Standard approach: every airplane supplied with NEA 1.7 times the
maximum ullage volume. Service technician identifies airplane model and injects prescribed NEA volume.

Disadvantages

Dependent on dedicated airport supply system for NEA. Not inert after landing and until after ground servicing is completed. Ullage
oxygen level increases during cruise, and—depending on initial fuel load—can exceed inert limits. Supply pressure varies by air-
plane type. Poses confined-space hazard to ground service personnel. New worldwide standard would be needed for interface and
regulating equipment. Requires vent system changes for large portion of fleet.

Other issues

Dedicated, trained ground personnel needed. Impact on overall ground servicing operations (fuel, catering, baggage, cargo, etc.).

Bigger impact will be on the airport infrastructure than on the airplane/airlines. Potential environmental issues from venting tanks
overboard.

2. Onboard Ground Inerting (OBGI)

Concept

Same as 1 above except airplane uses onboard equipment to generate NEA. Only operates on the ground. Time to inert a large
transport: 60 minutes.

Advantages

Airplane is self-sufficient. A better solution for flights into airports with no airport NEA supply.

Disadvantages

Takes longer after landing to reach inert levels and may impact airplane turn time. Provides limited protection during flight cycle
depending on flight duration. System is heavy, bulky, and requires external dedicated electrical power supply. System and compo-
nent reliability is poor. Confined space hazard to ground support personnel.

Other issues

Air inlet and exhaust for compressor and heat exchangers require airplane hull penetrations. Pipes must be shrouded (double-
walled pipes where they enter the pressure hull to prevent filling the cabin with nitrogen gas in the event of a leak). Introduces new

hazard exposure (very small) to crew and passengers. Insufficient space to retrofit aboard most current in-service and new produc-
tion airplanes.

3. Onboard Inert Gas Generating Systems (OBIGGS)

Concept

Airplane uses onboard equipment to generate NEA. Operates throughout the flight, keeping the fuel tanks inert.

Advantages

Airplane is self-sufficient and thus not dependent on airports for NEA. Fuel tanks are actively inerted throughout ground and flight
operations unless system is impacted by reliability.

Disadvantages

Demands more electrical power and high-pressure engine bleed air than is available on most airplanes. Weight and size aboard
airplane much greater than for GBI. Draws exhausted cabin air as a source, increasing pressurization system maintenance burden.
System and component reliability is poor. Introduces new hazard exposure to crew and passengers (very small).

Other issues

Shrouded pipes in the pressure hull. Mechanically very complex. Insufficient space available for installation aboard most in-service
and current production airplanes.

4. Hybrid Systems

Concept

These are variations of 2 and 3 that have been simplified in an effort to reduce weight, volume, power demands, and air consump-
tion. Two systems are under consideration:

- Hybrid OBGI system.

- Hybrid OBIGGS (a scaled-down version of the full system).

Advantages

Smaller, lighter; less expensive than OBGI and OBIGGS.

Disadvantages

More time required to inert the fuel tanks; complex; limited system and component reliability; weight and space requirements for
retrofit.

Figure 1-1. Technical Summary of Inerting System Concepts
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1.7 TECHNICAL LIMITATIONS
The FTIHWG concluded that several major technical limitations and airport infrastructure obstacles must
be overcome before a practica fuel tank inerting system could be implemented.

1. Thetechnical limitationg/airport infrastructure obstacles for GBI for in-service, in production, and new

type design (i.e,, future) airplanes are
Development and construction of fixed inerting equipment for large airports and medium-sized
arports.
Development and production of mobile inerting vehicles.
Development of aworldwide industry standard for the nozzle, interface panel configuration, and
control system that connects the airplane and inerting equipment to deliver the appropriate amount
of nitrogen to the airplane fud tank.

2. Thetechnical limitations for OBGI and OBIGGS inerting systems on in-service and in-production
al rplanes are that they

Demand more engine/airplane bleed air to operate than is available.

May demand more airplane electrical power to operate than is available.

Take up more space (volume) than might be available on most airplane types (a problem that
increases as airplane size decreases); appropriate locations may not exist.

Have components that demonstrate low reliability and high failure rates at current technology
levels.

3. Future airplane types can be designed with adequate bleed air, electrical power, and volume for OBGI
and OBIGGS systems, so the technical limitation of these inerting systems on future airplane types will
be

The low-reliability/high failure rate of their current-technology components unless mitigated by the
application of future technological breakthroughs.

1.8 BENEFITS

The benefit of a safety enhancement system like inerting is avoided accidents resulting in lives saved and
prevention of airplane and property destruction. Anayses performed by the FTIHWG established the
estimated levels of this potential benefit that fleetwide inerting would achieve.

For this study, six commercia airplane categories were defined and generic models were created with fuel
system characteristics as closaly representative as possible of today’s in-service fleet and current
production models. Figure 1-2 summarizes the fleetwide flammability exposure of these generic-study-
category airplanes.
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Large Medium Small Regional Regional Business
transport, transport, transport, turbofan, turboprop, | jet,
275 195 117 44 31 7
passengers | passengers | passengers | passengers | passengers | passengers
Baseline fuel tank flammability—no inerting system, %
Unheated CWTs (no adjacent heat 6.8 No unheated 5.1 2.6 No CWT No CWT
sources) CWT
Heated CWT (with adjacent heat 36.2 23.5 30.6 No HCWT No HCWT No HCWT
sources)
Main wing tanks 3.6 2.4 3.6 1.6 0.7 1.6
Fuel tank flammability—with an operative inerting system, %
Ground-based inerting (heated CWTs) 4.9 2.0 5.2 No HCWT No HCWT No HCWT
Onboard ground inerting (heated 7.0 14 5.8 No HCWT No HCWT No HCWT
CWTs)
Hybrid OBIGGS (heated CWTs) 0.9 0.6 0.3 No HCWT No HCWT No HCWT
OBIGGS (all tanks) ~0 ~0 ~0 NA NA NA

*Due to the estimated low reliability of these onboard systems, the fleet exposure when including inoperative systems would be
2% to 3% higher.

Figure 1-2. Flammability Exposure—Generic In-Service and Current Production Airplanes

Fleetwide flammability exposure is a measure of the percentage of the airplane operating hours during
which the fuel tank analysis indicates a flammable fuel/air mixture would exist. A Monte Carlo-type
simulation was used to estimate these percentages. The figure includes the estimated flammability
exposure levels for current unmodified (baseline) and modified flammability percentages.

In estimating accidents avoided, the passenger counts for each of these six generic airplanes were derived
based on the average number of passenger and crew seats for actua airplane type in that study category.
This value was then factored by load factors (percentage of passenger seats expected to be filled) taken
from the FAA Aviation Forecasts Fiscal Years 2001-2012.

Figure 1-3 shows the accidents anticipated to be avoided through implementation of each of the three
basic inerting system design concepts. Avoided accidents are a function of the flammability exposure
values and the number of hours flown by all airplanes in each of the generic airplane categories over the
evaluation period. For the purpose of the cost-benefit study described below, a 16-year evaluation period
was used. Although a 10-year evaluation period had been used in the 1998 ARAC study and the FAA
ground-based inerting study, a 16-year period was chosen for this study because of the significant time that
is required to design and achieve full fleet incorporation of these inerting system design concepts.
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12

11 Legend:
= = World accidents (pre-SFAR no. 88)
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Figure 1-3. Worldwide Forecast Cumulative Accidents

The evaluation period begins in the first quarter of 2005 on the assumption that a rule change requiring fuel
tank inerting would be effective at that time. Inerting systems for all applicable airplanes would be
designed and certified by the first quarter of 2008 and al applicable airplanes would be modified by the
first quarter of 2015. The evaluation period endsin the last quarter of 2020.

In figure 1-3 the avoided accidents analysis takes into account predicted reductions in accident rate of
75% attributable to SFAR no. 88. The 75% reduction had been estimated by the 1998 ARAC FTHWG In
addition, the Safety Team had reviewed the 1998 report and fuel tank safety enhancements as a result of
recent AD actions and other improvements. Although consensus was not reached by the FTIHWG, the
majority of the HWG considered that using the 75% predicted reduction in fuel tank explosions was
reasonable.

The dotted line on figure 1-3 shows the estimated cumulative worldwide fuel tank explosion accident rate
for a period 1990 through 2020. The three data points shown in the figure are actual accidents. The first
two are confirmed to have resulted from fuel tank explosions while the third is suspected but has not yet
been formally confirmed as such.

The estimated reduction in the accident rate resulting from SFAR no. 88 appears as a heavy black line.
The third line down shows the further estimated improvement if a GBI system for inerting heated center
wing tanks (CWT) were installed in the fleet. The fourth line down shows the estimated improvement if an
OBIGGS system inerting all fuel tanks were adopted fleetwide. Thus, the estimated cumulative accident
reductions attributable to GBI or OBIGGS are the difference between the SFAR line and those for GBI
and OBIGGS.
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The team evaluated accidents provided by the 1998 ARAC FTHWG study, plus the 2001 Bangkok
accident, and agreed that the three most recent events (Manila 1990, New York 1996, and Bangkok 2001)
should form the basis for statistically forecasting future events. These accidents each involved an
explosion of the heated CWT, and the ignition source is unknown.

Figure 1-4 shows that the estimated number of avoided accidents with each inerting system design
concept is approximately 1 accident (0.77 to 1.03) for the worldwide fleet in the 16-year evaluation period.
Statistically, one fuel tank explosion in the 16-year evaluation period would result in approximately 1% of
all fatalities from commercia airplane accidents forecast over that period. If these inerting system design
concepts are fully implemented, after the implementation a ground-based system would likely prevent one
fuel tank explosion in 10 years and an OBIGGS would likely prevent one fuel tank explosion in 8 years for
the worldwide fleet.

Large Medium Small Regional Regional

transport transport transport turbofan turboprop Business jet Total
Ground-based inerting 0.24 0.9 0.54 No HCWT No HCWT No HCWT 0.87
(HCWT only)
Onboard ground 0.20 0.9 0.48 No HCWT No HCWT No HCWT 0.77
inerting (HCWT only)
Hybrid OBIGGS 0.24 0.9 0.58 No HCWT No HCWT No HCWT 0.91
(HCWT only)
OBIGGS (all tanks) 0.28 0.12 0.63 NA NA NA 1.03

Figure 1-4. Estimated Cumulative Worldwide Avoided Accidents, 2005 Through 2020

The estimated number of avoided accidents for the U.S. fleet (“N” registered airplanes) would be
approximately 46% of the projected accidents avoided worldwide. It is estimated that for the same time
period a ground-based design system concept would likely prevent one fuel tank explosion in 19 years and
the OBIGGS would likely prevent one accident in 16 years for the U.S. fleet.

Based on this analysis, an estimate could be made of the expected number of lives that might be saved
through prevented fuel tank explosions and postcrash fires during the evaluation period from 2005 to 2020.
Using the above process, it is estimated that once either a GBI or OBIGGS system is fully implemented in
the fleet, the accumulated fractional number of prevented fatalities over the 16-year evaluation period
would be 132 for GBI and 253 for OBIGGS from in-flight and ground fuel tank explosions and postcrash
fires.

19 HAZARDS

Nitrogen is a colorless, odorless, nontoxic gas that is impossible for human senses to detect when
excessive concentrations displace the oxygen normally present in the air. Depending on the degree of
oxygen depletion, the effects of breathing nitrogen-enriched air (NEA) range from decreased ability to
perform tasks to loss of consciousness and death. Fuel tank inerting procedures would include stringent
measures to minimize these hazards. The risks would exist wherever gaseous or cryogenic nitrogen is
handled in the global aviation infrastructure.

The FTIHWG lacks the expertise to assess these risks with confidence. However, a smple extrapolation
of available data from the Occupational Safety and Health Administration (OSHA) and National Ingtitute
of Occupationa Safety and Health (NIOSH) would suggest a rate of 1.4 to 4.7 fatalities per year
worldwide. Based on assumed annual fleet growth rates and inerting system implementation assumptions,
it isforecast that from 24 to 81 lives may be lost over the 20052020 study period as a result of this
hazard.
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1.10 COST-BENEFIT ANALYSIS

Figure 1-5 shows the present value estimate of inerting system total costs and monetary value of the
benefits gained by introducing each of the three basic inerting design system concepts. The benefits were
calculated by multiplying the annual nhumber of avoided accidents (presented as fractional values) by the
accident cost and then discounting these values by a net discount rate of 7% to the year 2005, which is the
beginning of the evaluation period. The accident costs were estimated using established Department of
Transportation (DOT) values. The benefits aso include the monetary value of lives saved in postcrash
fires. They do not include the cost of lives lost due to the hazards of inerting. The total cost for each
inerting system includes the cost for in-service, current production, and new type design airplanes. There
islittle difference in cost between in-service and current production airplanes, except for the 20% to 30%
higher installation costs for the retrofit airplanes and the associated airplane downtime. Also, with today’s
technology, there is little difference in the cost between current production and new type design airplanes.

Benefits Cost
($US billion) ($US billion) Cost-benefit ratio
GBI (HCWT only) 0.245 10.37 42.3:1
OBGI (HCWT only) 0.219 11.60 52.9:1
Hybrid OBIGGS (HCWT only) 0.257 9.90 38.5:1
OBIGGS (all tanks) 0.441 20.78 47.1:1

Figure 1-5. Cost-Benefit Analysis Results, Worldwide Fleet, 2005 Through 2020,
Based on Present Value in Year 2005 $US

The benefits shown in figure 1-5 have been calculated on the basis of a 75% reduction in projected fuel
tank explosions due to SFAR no. 88. If the actual reduction in fuel tank explosions due to SFAR no. 88
proves to be less than 75%, then the benefits from inerting would be proportionally greater, and vice versa.

1.11 OVERALL CONCLUSION

The FTIHWG has concluded that the current technology of GBI, OBGI, and OBIGGS cannot meet the
desired evaluation criteriafor afuel tank inerting system. This conclusion was reached collaboratively by
many involved aviation and industry experts who, after intensive efforts, could not devise a practical,
timely, and cost-effective method of proposing afuel tank inerting design concept as a viable solution
based on the Tasking Statement guidelines.

The FAA Tasking Statement for this ARAC FTIHWG study requested that this Working Group provide
recommended regulatory text for new rulemaking based on the lowest flammability level that could be
achieved by an inerting system design concept that would meet the FAA regulatory evaluation
requirements. These evaluation requirements include a cost-benefit analysis smilar to the analysis
performed in this study. Because this study was unable to identify any practical way of implementing the
inerting design concepts studied, the FTIHWG concluded that they could not recommend regulatory text
based on the flammability level of an inerting system.

The FTIHWG aso concluded that if a GBI system is considered for implementation, it will be necessary,
before promulgating an airplane requirement, to resolve the current lack of global regulatory authority and
industry control over the introduction and construction of new airport inerting supply systems, fixed or
mobile.

Consequently, this FTIHWG has aso concluded that the FAA, NASA, and the industry must continue to
work cooperatively to research methods to reduce fuel tank flammability exposure that can be introduced
much sooner than any of the inerting concepts. They should also pursue further basic research into
technical breakthroughs in fuel tank inerting system design concepts as well as alternative concepts to
improve the fuel tank safety of existing and future airplane designs.
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1.12 RECOMMENDATIONS
The ARAC FTIHWG specificaly recommends the following actions to be expeditioudy carried out by the
FAA, NASA, and the industry:

Inerting Systems

- Continue to evaluate and, where appropriate, investigate means to achieve a practical onboard fuel
tank inerting system design concept for future new type design airplanes.
Pursue technological advancements that would result in onboard fuel tank inerting designs having
decreased complexity, size, weight, and electrical power requirements, and increased efficiency,
reliability, and maintainability.
Perform NEA membrane research to improve the efficiency and performance of membranes resulting
in lower non-recurring costs of NEA membrane air-separation systems. For example, basic polymer
research to increase the operational temperature of membranes to a level above 302°F.
Conduct basic research into high-efficiency, vacuum-jacketed heat exchangers, and lighter, more
efficient cryogenic refrigerators for use in inerting systems.
If a practical means of achieving a cost-beneficial fuel tank inerting system is found, establish a
corresponding minimum flammability level and reevaluate and propose regulatory texts and guidance
materials accordingly.

Fuel Tank Flammability
Evaluate means to reduce fuel tank flammability based on existing (e.g., directed ventilation, insulation)
or new technology that might be introduced sooner into the in-service fleet and current airplane
production.
Initiate a project to improve and substantiate current flammability and ignitability analyses to better
predict when airplane fuel tank ullage mixtures are flammable. This research is needed to support
informed design decisions and rulemaking.
Initiate a project to thoroughly document and substantiate the flammability model used in this study.
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2.0 INTRODUCTION

2.1 BACKGROUND

Following the 1996 fuel tank explosion-related accident on a 747 airplane, the FAA initiated rulemaking to
re-evaluate the industry’ s approach to fuel tank safety by precluding ignition sources within the fuel tanks
of the transport airplane fleet. The FAA aso tasked the Aviation Rulemaking Advisory Committee
(ARAC) with a 6-month project to provide specific recommendations and propose regulatory text for
rulemaking that would significantly reduce or eliminate the hazards associated with explosive fudl vaporsin
transport airplanes.

Inits July 1998 report, the ARAC provided a detailed evauation of past accidents and incidents and
recommended regulatory text for new rulemaking applicable to future transport airplane certifications.
Because of the short time alowed to complete the task, the ARAC was unable to provide the detailed
information necessary to recommend regulatory text applicable to existing in-service and current
production airplanes. The ARAC did recommend that the FAA further investigate the feasibility of what it
determined to be the two most promising methods:

1. Directed ventilation. Provides for ventilation of the areas adjacent to certain heated tanks to reduce
heating within those tanks.
2. Ground inerting. Inerts the fuel tanks during ground operations.

On June 6, 2000, the FAA proposed the formation of an ARAC Fuel Tank Inerting Harmonization Working
Group (FTIHWG). The group’s purpose was to prepare a report for the FAA that (1) recommended
regulatory text for new rulemaking and that (2) provided the necessary data for the FAA to evauate the
optionsinvolved in the introduction of fuel tank inerting systems that would significantly reduce or eliminate
the development of flammable vapors in transport category airplane fud tanks.

2.1.1 Scope

The historical approach to fuel system safety has been to control risk by ensuring that ignition sources are
not present within the tanks. All current regulation and commercial airplane design is based on this
philosophy. Going beyond this philosophy, the ARAC FTIHWG was given the task of recommending new
rulemaking that would further enhance safety by eliminating or significantly reducing the presence of
flammable fuel-air mixturesin fuel tanks.

As part of the ARAC Tasking Record for “Fuel Tank Inerting for Transport Airplanes,” the FAA included
the following Tasking Statement. (The complete FAA Tasking Statement for the FTIHWG is shown in
appendix A).

2.1.2 Tasking Statement

The ARAC Executive Committee will establish a Fuel Tank Inerting Harmonization Working Group.
The Fuel Tank Inerting Harmonization Working Group will prepare a report to the FAA/JAA that
provides data needed for the FAA to evaluate the feasibility of implementing regulations that would
require eliminating or significantly reducing the development of flammable vapors in fuel tanks on
in-service, new-production, and new-type-design transport-category airplanes. This effort is an
extension of the previous work performed by the Fuel Tank Harmonization Working Group.

The report should contain a detailed discussion of the technical feasibility of the prevention of, or
reduction in, the exposure of fuel tanks to a flammable environment through the use of the
following inerting design methods, and any other inerting methods determined by the Working
Group, or its individual members, to merit consideration.
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Ground-Based I nerting—The system shall inert fuel tanks that are located near significant heat
sources or do not cool at a rate equivalent to an unheated wing tank using ground-based nitrogen
gas supply equipment. The affected fuel tanks shall be inerted once the airplane reaches the gate
and while the airplane is on the ground between flights.

Onboard Ground-Inerting—The system shall inert fuel tanks that are located near significant heat
sources or are not cooled at a rate equivalent to an unheated wing tank using onboard nitrogen
gas generating equipment. The affected fuel tanks shall be inerted while the airplane is on the
ground between flights.

Onboard Inert Gas Generating System (OBIGGS)—The system shall inert all fuel tanks with an
onboard nitrogen gas generating system such that the tanks remain inert during normal ground and
typical flight operations. Non-normal operations are not to be included in the OBIGGS mission
requirements. For example, the tanks should remain inert during normal takeoff, climb, cruise,
descent, landing, and ground operations (except for ground maintenance operations when the fuel
tank must be purged for maintenance access); however, the fuel tanks do not need to remain inert
during non-normal operations such as during an emergency descent.

The report shall provide detailed discussion of technical considerations (both pro and con), as well
as comparisons between each of the above design methods for incorporation into the following
portion of the large transport airplane fleet: (a) in-service airplanes, (b) new-production airplanes,
and (c) new airplane designs. Because the working group may consist of members having differing
views regarding the feasibility of inerting fuel tanks, the report should include discussion of such
views and any supporting information provided by the membership.

In developing recommendations to the FAA/JAA, the report should also include consideration of the
following:

1. The threat of fuel tank explosions used in the analysis should include explosions due to internal
and external tank ignition sources for the major fuel system designs making up the transport
fleet, as defined in the July 1998 ARAC Fuel Tank Harmonization Working Group report. The
service history in the analysis should be further developed to include incidents involving post-
crash fuel tank fires. The FAA awarded a research contract to develop a database that may be
useful in this endeavor. This data should be evaluated when determining what benefits may be
derived from implementing ground-based or onboard inerting systems. The report is titled, A
Benefit Analysis for Nitrogen Inerting of Airplane Fuel Tanks Against Ground Fire Explosion,
Report Number DOT/FAA/AR-99/73, dated December 1999.

2. The evaluation of ground-based inerting should consider:

a. The benefits and risks of limiting inerting of fuel tanks to only those times when conditions,
such as lower fuel quantities or higher temperature days, could create flammable vapors in
the fuel tank. This concept would be analogous to deicing of airplane when icing
conditions exist.

b. Various means of supplying nitrogen (i.e., liquid, gaseous separation technology;
centralized plant and/or storage with pipeline distribution system to each gate, individual
trucks to supply each airplane after refueling, individual separation systems at each gate,
and so on), and which means would be most effective at supplying the quantity of nitrogen
needed at various airports within the United States and, separately, other areas of the
world.

c. Methods of introducing the nitrogen gas into the affected fuel tanks that should be
considered include displacing the oxygen in fuel tanks with nitrogen gas, saturating the fuel
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with nitrogen in ground storage facilities (for example, in the trucks or central storage
tanks), injecting nitrogen directly into the fuel as the fuel is loaded onto the airplane, and
combinations of methods.

3. The evaluation of the cost of an OBIGGS for application to new type designs should assume
that the design can be optimized in the initial airplane design phase to minimize the initial and
recurring costs of a system.

4. Evaluations of all systems should include consideration of methods to minimize the cost of the
system. For example, reliable designs with little or no redundancy should be considered,
together with recommendations for dispatch relief authorization using the master minimum
equipment list (MMEL) in the event of a system failure or malfunction that prevents inerting one
or more affected fuel tanks.

5. Information regarding the secondary effects of utilizing these systems (i.e., increased extracted
engine power, engine bleed air supply, maintenance impact, airplane operational performance
detriments, dispatch reliability, and so on) must be analyzed and provided in the report.

6. In the event that the working group does not recommend implementing any of the approaches
described in this tasking statement, the team must identify all technical limitations for that
system and provide an estimate of the type of improvement in the concept (i.e., manufacturing,
installation, operation and maintenance cost reduction, and so on; and/or additional safety
benefit required) that would be required to make it practical in the future.

7. In addition, guidance is sought that will describe analysis and/or testing that should be
conducted for certification of all systems recommended.

Unless the working group produces data that demonstrates otherwise, for the purposes of this study
a fuel tank is considered inert when the oxygen content of the ullage (vapor space) is less than
10% by volume.

The ground-based inerting systems shall provide sufficient nitrogen to inert the affected fuel tanks
while the airplanes are on the ground after landing and before taking off for the following flight.
In addition to the ground equipment requirements and airframe modifications required for the
nitrogen distribution system, any airframe modifications required to keep the fuel tank inert during
ground operations, takeoff, climb, and cruise, until the fuel tank temperatures fall below the lower
flammability range, should be defined.

The onboard ground inerting systems shall be capable of inerting the affected fuel tanks while the
airplane is on the ground after touchdown and before taking off for the following flight. As for the
ground-based inerting system, in addition to the inert gas supply equipment and distribution system,
any airframe modifications required to keep the fuel tank inert during ground operations, takeoff,
climb, and cruise, until the time the fuel tank temperatures fall below the lower flammability range,
should be defined. Consideration should be given to operating the onboard inert gas generating
system during some phases of flight as an option to installing equipment that might otherwise be
necessary (e.g., vent system valves) to keep the fuel tank inert during those phases of flight, and as
a cost tradeoff that could result in reduced equipment size requirements.

The data in the report will be used by the FAA in evaluating if a practical means of inerting fuel
tanks can be found for the in-service fleet, new-production airplanes, and new airplane designs.
The FAA may propose regulations to further require reducing the level of flammability in fuel tanks
if studies, including this ARAC task and independent FAA research and development programs,
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indicate that a means to significantly reduce or eliminate the flammable environment in fuel tanks,
beyond that already proposed in Notice of Proposed Rulemaking (NPRM) 99-18, is practical. Such
a proposal would be consistent with the recommendations made by the ARAC Fuel Tank
Harmonization Working Group in their July 1998 report.

2.1.3 Charter
The charter of the ARAC FTIHWG has been to

1 Analyze
The technica considerations as well as comparisons between the various fuel tank inerting design
methods for incorporation into the large transport fleet.
The threat of fuel tank explosions due to internal and external tank ignition sources for the major
fuel system designs making up the transport fleet.
Various design methods of eliminating or significantly reducing exposure to flammable fuel vapors
within fuel tanks.
Means to eliminate the resultant hazard if ignition does occur.
Recommend regulatory text and guidance material for new rulemaking if a practical means of inerting
fuel tanks can be found.
Assess the cost benefit of those systems.
Assess the effect of the new rule on other sections of the industry.
Follow the rules for ARAC harmonization working groups.
Issue afinal report within 12 months after publication of the Tasking Statement.

N

ok w

2.2 WORKING GROUP DEVELOPMENT

On July 13, 2000, the FAA issued a notice in the Federal Register in Washington, D.C., establishing the
current FTIHWG This effort is an extension of the previous work performed by the 1998 ARAC Fuel
Tank Harmonization Working Group (FTHWG), asreported in July 1998. The FTIHWG will coordinate
with other working groups, organizations, and specialists, as necessary.

The FTIHWG addressed the following inerting systems:

Ground-based inerting (GBI).
Onboard ground inerting (OBGI).
OBIGGS.

The FTIHWG addressed the following groups of transport category airplanes:

In-service airplanes.

New production airplanes.

New airplane designs.

Commuter airplanes.

Short-range, medium-range, and intercontinental-range airplanes.

221 Organization
Figure 2-1 shows the organization of the ARAC FTIHWG leadership team.
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Working Group (13)

Integration (15)

Co-chairs: AIA, AEA
Members: AECMA, ALPA,
API, ATA, IAMAW, IATA,
FAA, JAA, NADA, RAA,
inert gas manufacturers

- Airplane level integration

- Administration and
technical writing

- Project scheduling

- Co-chair Brad Moravec (Boeing)
- Co-chair Sean O’Callaghan (British Airways)

Ground-Based Design (10)

- Design, installation, operation,
and maintenance requirements

- Concept development

- Feasibility and cost/benefits

- Secondary effects

Onboard Design (18)

Airport Facility (20)

- Design, installation, operation,

- Concept development
- Feasibility and cost/benefits
- Secondary effects

and maintenance requirements

- Design, installation, operation,

- Concept development
- Feasibility and cost/benefits
- Environmental impact

and maintenance requirements

Airplane Operation and Estimating and Safety Analysis (10) Rulemaking (7)
Maintenance (14) Forecasting (5)

- Safety analysis
- Failure modes and effects
- Fleet history

- Regulatory text
- Certification guidance

- Economic model and
trade study report

- Fleet forecast

- Cost reduction proposals

Impact of designs on fleet
performance, operation,
maintenance, dispatch
reliability, MMEL, and so on

297925J2-001R1

Figure 2-1. Working Group Team Leaders
2.2.2 Task Team Charters and Deliverables

Work Plan Outline

The FTIHWG will be responsible for overall task management.

Task management will include overall definition of study ground rules, success criteria, work
statements, plans, schedules, resources, and deliverables.

The FTIHWG will establish task teams to assist in completing the various tasks identified in the
Tasking Statement issued in Washington, D.C., by the FAA, dated July 10, 2000.

Task Teams

Ground-Based Inerting Designs
Onboard Inerting Designs

Airplane Operation and Maintenance
Airport Fecility

Safety Analysis

Estimating and Forecasting
Rulemaking

Integration
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Task Team Responsibilities

Ground-Based Inerting Designs

Review existing data on GBI studies and systems.

Determine design, installation, operation, and maintenance requirements.

Develop ground-based conceptual fuel tank inerting system designs.

Provide a feasibility analysis of proposed designs and inerting methods.

Prepare a cost-benefit analysis for ground-based system concepts.

Evaluate the safety, risks, and secondary effects of these systems.

If the concept is considered impractical, identify all technical limitations and provide an estimate of
improvements necessary to make this concept practical in the future.

Document the results of the GBI design and analysis study.

Onboard Inerting Designs

Review existing data on onboard inerting studies and systems.

Evaluate three system concepts consisting of an onboard ground inerting system (OBGIS), an
OBIGGS, and a hybrid system.

Determine design, installation, operation, and maintenance requirements.

Develop onboard conceptual fuel tank inerting system configurations.

Provide afeasibility analysis of proposed designs and inerting methods.

Prepare a cost-benefit analysis for inerting system concepts.

Evaluate the safety, reliability, risks, and secondary effects of these systems.

If this concept is considered impractical, identify al the technical limitations and provide an estimate of
improvements necessary to make the concept practical.

Document the results of the onboard inerting design and analysis study.

Airplane Operation and Maintenance

Review existing data on the impact of fuel tank inerting studies and systems on airplane operation and
maintenance activities.

Evaluate the impact of the proposed ground and onboard inerting system concepts on flight operations
(such as dispatch reliability, air turnback [ATB], dispatch deviation guide [DDG], and master minimum
equipment list [MMEL]).

Evaluate the impact of inerting system concepts on maintenance operations and the subsequent effect
of these concepts on fleet performance.

Evaluate the cost impact of the inerting system concepts on flight operations, maintenance operations,
fleet planning, and so on.

Document the results of the Airplane Operation and Maintenance Task Team.

Airport Facility

Review existing data on the impact of fuel tank inerting studies and systems on airports.

Determine which airports within the United States and in other geographical areas of the world should
be included in the study.

Define the design, installation, operational, and maintenance requirements for inert gas generation, fuel
scrubbing, and ullage washing.

Develop conceptua system configurations to provide fuel-scrubbing and ullage-washing systems that
can be used at airports considered in this study.
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Evaluate the impact on airport facilities and infrastructure that would result from the incorporation of
the inerting system concepts being considered.

Determine the most reliable and cost-effective means of providing inerting supplies within the United
States and in other areas of the world.

If system concepts are not practical, identify all technical limitations and estimate what improvements
would be necessary to make the concepts practical.

Document the results of this airport facility and infrastructure study.

Safety Analysis

Review existing data regarding the safety benefits anticipated from eliminating or significantly
reducing the threat of fuel tank explosion.

Determine the safety benefits resulting from incorporation of the various proposed system concepts to
eliminate or significantly reduce the development of flammable vaporsin airplane fud tanks.

Evaluate the impact of these system concepts on previous service history fud tank explosion threats
resulting from internal and external tank ignition sources.

Evaluate the risks and benefits of “as required” inerting system concepts.

Document the results of the safety evaluations.

Estimating and Forecasting

Review the available existing data regarding the economic impact of airplane fuel tank inerting studies
and systems.

Deveop top-level models to assist the other task teams in evaluating the economic impact of the
proposed inerting system concepts on airplane and aviation operations, airport facilities and
infrastructure, and the genera economy.

Where practical, propose methods to minimize the overall system costs.

Estimate the economic impact of the recommended systems on airline operations, the transportation
industry, airport facilities and infrastructure, and regional and country economy.

Rulemaking

Review existing regulations, advisory and guidance material, and continued airworthiness instructions
regarding the subject of eliminating or reducing the flammable environment in airplane fud tank
systems.

Prepare and coordinate within the FTIHWG regulatory text for new rulemaking by the FAA that
would eliminate or significantly reduce the flammable environment in airplane fuel tank systems.

For al system concepts recommended, develop and propose guidance material that describes the
necessary analysis or testing that may be required to show compliance with the new regulatory text
for certification and continued airworthiness.

Integration

Review existing data from previous fuel tank working groups regarding applicability to the current
tasks.

Coordinate the development of task and system requirements for use by the FTIHWG

Coordinate activities within the FTIHWG to ensure that the task teams are using common ground
rules, definitions, assumptions, requirements, schedules, and so on.

Facilitate activities and communication within the FTIHWG to achieve the intermediate and final task
assignments in atimely manner.
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Coordinate with other harmonization working groups, organizations, companies, and experts to support
FTIHWG activities.

Develop and implement a review process and integrated task schedule to support the requirements of
the ARAC Executive Committee.

Coordinate preparation of this final report to the ARAC Executive Committee.

Final Deliverables

Recommend regulatory text for new rulemaking by the FAA that would require eliminating or
significantly reducing the development of flammable vapors in fuel tanks on transport category
airplanes; and provide compliance guidance material for the proposed regulation.

Evaluate options for implementing these new regulations on current and future airplanes.

Identify all technical limitations for those design options that are determined to be currently
impractical.

Provide guidance on testing and analysis for demonstrating certification compliance and continued
airworthiness.

Submit the above by June 29, 2001, for the ARAC Executive Committee to review before forwarding
to the FAA.

2.2.3 Schedule
A milestone schedule was developed at the first FTIHWG meeting in September 2000.

The FTIHWG agreed to meet regularly according to a defined schedule. Individuad task teams were
directed to meet as often as necessary to accomplish the objectives of the FAA Tasking Statement. As

stated, the final report is scheduled to be complete and delivered to the ARAC Executive Committee by
June 29, 2001.

Figure 2-2 shows the task team schedule.

2nd Working
Group Meeting

Design Concepts
Presented to

6th Working
Group Meeting

7t Working

ARAC Executive Group Meeting

and Task Team 34 Working Committee Meeting  Executive Initial Review of  Final Review of
Kickoff Group Meeting Progress Report Committee Draft Report Draft Report
Atlantic City, NJ London, England Washington, D.C. Washington, D.C. Atlantic City, NJ  Seattle, WA
18-20 13-14 7 4 15-17 12-14
W \Vi \VA \V4 W W
October | November | December | January February March April May June July
2000 2000 2000 2001 2001 2001 2001 2001 2001 2001
A A N A A A
19 23-24 21-23 9 29
Work Plan ARAC Executive 4th Working 5th Working ARAC Executive Final Draft
Complete  Committee Meeting Group Meeting Group Meeting Committee Meeting  to ARAC
Washington, D.C. Progress Report Design Concepts  Progress Report Executive
Work Plan Presented for ARAC Review Washington, D.C. Committee

Executive Committee

Miami, FL

Paris, France

Figure 2-2. ARAC FTIHWG Major Milestones
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2.3 STANDARDS

A common set of standards was necessary to achieve consistent results in the development and evaluation
of designs and cost-benefit analyses. Therefore, the Integration Task Team developed and provided a
common set of definitions for use by al the FTIHWG task teams.

2.3.1 Assumptions

To ensure that the potential methods of inerting were evaluated using consistent data and assumptions, a
spreadsheet was created that provided a common source of data for use by the task teams. This
spreadsheet included data for six generic airplane types: small, medium, and large jet transports; regional
turbofans; regional turboprops; and business jets. The data included summaries for each airplane type,
such asfleet size, weights, fuel volumes, and flight distributions. Mission profile data such as weight,
atitude, Mach number, fuel remaining in each tank, and body angle as a function of time were included for
each generic airplane type. Temperature profiles ranging from cold to extremely hot were also included in
the mission profiles.

Performance and cost trade studies were included to alow consistent calculation of performance and cost
impacts.

1. A fud tank is considered inert when the oxygen content of the ullage (vapor space) is less than 10%
by volume.

2. An unheated wing tank is defined as a conventional aluminum-structure integral tank of a subsonic
wing with minimal heat input from airplane systems or other fuel tanks that are subject to heating.

3. The FTIHWG used the definition of fuel tank explosion threat contained in the July 1998 ARAC
FTHWG report.

4. Service history used in this analysis was developed to include postcrash fuel tank fires.

5. Top-level design, reliability, maintenance, and operational study requirements were established to
provide guidance for determining practica inerting systems.

6. In accordance with the Tasking Statement, design concepts evaluated had little or no redundancy in
order to minimize costs.

7. Fuel tank inerting design concepts evaluated were not considered to be dispatch-critical systems and
would therefore be part of the airplanes’ MEL.

2.3.2 Ground Rules
The Working Group applied the following ground rules to the design concepts considered, as specified by
the FAA Tasking Statement:

1. The FTIHWG evauated the impact of fuel tank inerting design concepts or designs on transport
category airplanes.
2. Within the transport category, the following “generic’ study airplanes were evaluated:
Large-category airplanes.
Medium-category airplanes.
Small-category airplanes.
Commuter (turboprops and jets).
Business jets.
3. Wlthln each airplane category studied, an evaluation was made of the impact on in-service airplanes,
current new production, and future new type design airplanes.
4. FTIHWG task teams evaluated the impact of fuel tank inerting on airplanes with heated center wing
tanks (CWT).
5. Where practical, the task teams used definitions, including the fuel tank explosion threat, devel oped for
use and contained in the 1998 ARAC FTHWG Final Report.
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The service history evauated in FTIHWG studies and evaluations included postcrash fuel tank fires.

Fuel tank inerting design concepts considered by the FTIHWG have little or no system redundancy.

No fuel tank inerting system concept results in a net negative safety benefit to the airplane study

category evaluated.

9. Fuel scrubbing with inert gas did not result in an adverse effect on fuel supply system performance,
engine performance, or operational capability.

10. The FTIHWG identified technical and economic limitations of systems evaluated as impractical and
estimated the improvements necessary to make these inerting systems practical in the future.

11. Except as noted in the report, the FTIHWG considered systems that would not result in a hazardous

condition to personnel, airplanes, or airport facilities resulting from the failure of afuel tank inerting

system component during normal operation, nonnormal operation, or failure conditions.

© N

Ground-Based Design Concepts Ground Rules

12. Each design concept proposed for a particular airplane study category must be capable of providing
inert fuel tanks once the airplane reaches the gate and while the airplane is on the ground between
flights.

13. It was considered unnecessary to evaluate any conditions within an airplane category’s operational
and environmental envelopes where a combination of fuel tank temperatures and quantities would not
result in flammable vapors being present in any of the fuel tanks.

14. Failure of any fuel tank inerting system component during normal operations, nonnormal operations,
and failure conditions will not result in a hazardous condition to any personnel, the airplane, or airport
facilities.

15. Nitrogen-enriched air (NEA) that is supplied to the airplane during refueling operations for fuel tank
inerting purposes is assumed to be a minimum of 95% purity.

16. The attachment panel or interface and the appropriate interface connections and equipment will not
interfere with ingress and egress and the servicing position of ground equipment while the airplaneis
located at the terminal gate.

17. The location and design characteristics of the installed interface connections and equipment will not
result in an additional hazard to the airplane as aresult of awheels-up landing.

18. No specia provisions are included in the system design concepts to prevent air from entering the
airplane fuel tank or inert gas from being vented from the airplane tank during any change in ground
environmental thermal cycling.

19. The time taken by any ground-based design concept to inert the required number of fuel tanksin an
airplane study category will not increase the turnaround time of that category.

20. Theingalation of a ground-based fuel tank inerting system will not result in an adverse effect on fuel
supply system performance, engine performance, or engine operational capability.

21. During evaluation of a GBI system, consideration is given to the benefits and risks resulting from
inerting only those fuel tanks located near significant heat sources.

Onboard Design Concepts (OBIGGS) Ground Rules

22. The OBGI design concept will be evaluated based on the ground rules defined in the section titled
Ground Based Inerting Design Concepts.

23. Each design concept evaluated for a particular airplane study category is capable of providing inert
fuel tanks during normal operations, such as takeoff, climb, cruise, descent, landing, and ground
operations. However, nonnormal operations are not included in the ground rules in accordance with the
Tasking Statement.

24. Each OBIGGS design concept is capable of inerting all fud tanksin an airplane study category.
(Reference: Tasking Statement.)

25. Any OBIGGS design concept installed will inert all fudl tanks throughout the certified airplane
operating and environmenta envelope during normal operation.
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26.

27.

28.

29.

30.

31

Where a combination of fuel tank temperatures and quantities shown within an airplane category’s
operationa and environmental envelopes will not result in flammable vapors being present in any of the
airplane fuel tanks, these conditions do not require fuel tank inerting from an onboard system.

The installation of an onboard fud tank inerting system will not result in an adverse effect on the fuel
supply system performance, engine performance, or engine operational capability.

Any certification maintenance requirements (CMR) or similar periodic maintenance checks required
by an OBIGGS are considered to have a minimum frequency equivalent to a C-check.

When ingtalled, an OBIGGS will not result in an increase of the schedule interruption rate of 0.05 per
100 departures in an airplane category. (Reference: industry experience.)

When ingtalled, an OBIGGS will have an objective mature mean time between unscheduled removal
(MTBUR) of any component of 5,000 hr minimum.

When installed, an OBIGGS will have a mature mean time between maintenance actions (MTBMA)
of 250-hr minimum.

Airplane Operation and Maintenance Ground Rules

32.

33.

Regardless of the method of fuel tank inerting system used to inert the applicable fudl tanksin an
airplane study category, the turnaround time of that particular airplane category will not be increased.
The operational and maintenance impact of continued airworthiness requirements of each fuel tank
inerting system is estimated.

Airport Facilities Ground Rules

34.

35.

36.

37.

38.

Any facilities developed to provide NEA for use in inerting airplane fuel tanks, while the airplaneis
located at the terminal gate, will meet all applicable safety regulationsin force as of July 10, 2000.
Any system evaluated is capable of providing sufficient NEA to each airplane in a particular study
airport so that the current airplane turnaround times are not adversely affected.

Any evaluated airport-based system for inerting fuel tanks will have adequate capacity to supply the
required volume of nitrogen to each gate position in a period of time that will not result in an increase
in the airplane turnaround time for that study-category airplane.

The airport-based fuel tank inerting system must be capable of simultaneoudly providing 100% of the
flow requirements for each airport gate, taking into consideration the assumed mix of study-category
airplanes at these terminal gates.

NEA supplied at the terminal gate for inerting airplane fuel tanks will be 95% minimum.

Safety Ground Rules

39.

40.

4]1.

A functional safety hazard assessment will be performed for each ground-based or onboard inerting
system evaluated. The basis for this report will be the functiona hazard analysis (FHA) published by
the 1998 ARAC FTHWG with appropriate changes to reflect the current evaluations.

A system reliability prediction will be completed for each ground-based and onboard design concept
evaluated.

A system reliability prediction will be completed for each airport fuel tank inerting and fuel scrubbing
system evaluated.

. For the purposes of this study, the accident data set defined by the 1998 ARAC FTHWG will be used.
. Any accident prevention analysis will consider report number DOT/FAA/AR-99/73. (Reference:

Tasking Statement.)

. A study was conducted on any proposed inerting design concept that estimated the accident

prevention improvement of implementing that fuel tank inerting design concept. The methodology used
for this study will be consistent with that used by the industry’s Commercial Aviation Safety Team to
evaluate intervention effectiveness.

. Any fuel tank inerting design concept proposed that does not result in a positive net safety benefit will

be considered unacceptable.
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Estimating and Forecasting Ground Rules

46.

47.

48.

49,

50.

51.

52.

55.
56.

57.

Increases in airplane gate turnaround times will be assessed on an economic value of $150 million/min
for U.S. operations and $380 million/min for worldwide operations. (Reference: Air Transport
Association of America [ATA].)

The cost of fuel per U.S. galon for this study will be $1.00. (Reference: Air Transport World,
January 2001.)

Any estimated airplane flight delays resulting from operation of either a ground-based or onboard fuel
tank inerting system will be assessed an economic value of $24.43/min. (Reference: ATA.)
Turnbacks to the departure airport or diversions to unscheduled landings at alternate en route airports
will not be required for the system because the system will be dligible for MEL dispatch.

For each labor-hour estimated in the study, a burdened rate of $110/hr will be assumed for
professionds (e.g., engineers). (Reference: FAA.)

For each labor-hour estimated in the study, a burdened rate of $75/hr will be assumed for technicians
(e.g., line mechanics). (Reference: FAA.)

For each labor-hour estimated in the study, a burdened rate of $25/hr will be assumed for ground
support personnel (e.g., refuelers). (Reference: FAA.)

. The ramp-up time for introducing a certified fuel tank inerting system into the existing and current in-

production fleets will be assumed to be 3 years for production models and an additiona 7 years for in-
service models.

. The time period to be considered for calculating costs of an inerting scheme will be 16 years (from

2005t0 2020.)

The growth forecast assumed for the purposes of this study will be 3.6% per year. (Reference: ATA))
Any increases or decreases in airline operations, direct airplane operating costs, and maintenance
costs will be developed to determine the subsequent impact of fuel tank inerting on each study-
category airplane and the overall operational impact.

For evaluation of costs of an OBIGGS for application to new type designs, it will be assumed that the
design can be optimized in the initial design phase to minimize initial and recurring costs. (Reference:
Tasking Statement.)

Rulemaking Ground Rules

58.

59.

60.

61.

A review of the current 14 CFR will be conducted to consider the changes that may be necessary for
the incorporation of ground-based or onboard fuel tank inerting systems.

Where changes to the regulations are considered to be required, the FTIHWG will propose regulatory
text for each paragraph that would require a change.

In support of any proposed regulatory changes, guidance material will be developed to describe
analysis or testing that should be conducted for certification of all systems proposed.

For each fuel tank inerting design concept proposed, the recurring and nonrecurring costs to achieve
complete FAA certification are estimated.
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3.0 SERVICE HISTORY

The team examined the service history of known instances of fuel tank explosions resulting from internal
or external ignition sources in the transport airplane fleet (including turbofan and turboprop airplanes) over
the last 40 years.

3.1 METHODOLOGY

Appendix H, Safety Analysis Task Team Final Report, contains a detailed description of each event and
the findings of the investigating authority. A description of the mitigating actions taken subsequent to the
event to minimize its recurrence is also included in the appendix.

Appendix H summarizes 16 fuel tank explosion events, which are divided into operational events (i.e.,
those occurring on an airplane where passenger-carrying flight was intended) and refueling and ground
maintenance events. They were grouped by cause (lightning, engine separation, refueling, maintenance,
etc.) and then categorized by operationa phase, ignition source, type of fuel tank involved, and fuel type.

The team established ground rules to guide this evaluation. First, the team determined that a forecast of
future events should be based on the residual risk of recurrence of past events. In addition, the benefits
forecast should be based on events that inerting would prevent effectively. As such, the team decided that
accidents resulting from external ignition sources that breached the fuel tank would not be used to forecast
future events. This ground rule is consistent with that used by the team that developed DOT/FAA/AR-99/
73, A Benefit Analysis for Nitrogen Inerting of Aircraft Fuel Tanks Against Ground Fire Explosion.
The Safety Analysis Task Team notes that inerting may offer some benefit in preventing fuel tank
explosions caused by small explosive devices that would not otherwise result in a catastrophe. However,
those benefits could not be quantified because of uncertainties related to secondary ignition sources and
the loss of nitrogen following breach of the fud tank.

In addition, the effectiveness of the actions taken subsequent to the event to minimize its recurrence were
assessed based on

Identification of theignition source.
Confidence level that mitigating action addressed the ignition source.
Implementation level of the mitigating action or actions.

Once these data and ground rules were in place, atrend and residual risk analysis was conducted.

3.2 ANALYSIS

The starting point of this analysis was the table of eventsin the 1998 ARAC FTHWG final report. The
events contained in that report were based on the FAA Notice of 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 (OEM) safety-related databases. The level of details reported in the early events was
sometimes limited, depending on the event location in the world and the type of event (i.e., whether it
involved an internal or external ignition source).

Late in the study period for this ARAC, afud tank explosion occurred in Bangkok, Thailand. Whileit is
understood that the accident investigation is ongoing, the NTSB has released information indicating that the
wreckage shows evidence that the CWT exploded and that the ignition source for that fuel tank has yet to
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be determined. This team has not been involved in that investigation and does not wish to publish findings
in advance of the investigating authority. However, the event appears to fit the guidelines set forth by the
FAA Tasking Statement, and the team decided to include it as a statistical data point on which to base the
forecast of future accidents.

3.21 Analysis of Previous Tank Explosions

The data indicates a difference in the safety levels of wing tanks and CWTs. The former are force-cooled
by air flowing over the wings, whereas the latter, being located in the fuselage between the wings, are
cooled less efficiently. Other auxiliary tanks are also housed within the fuselage. Unlike wing tanks,
fuselage tanks may be located adjacent to heat sources.

There have been no known internal ignition sources that resulted in awing tank explosion in 900 million
hours of operation by the commercial transport fleet. All wing tank events have been the result of known
external ignition sources (e.g., lightning strike, over-wing fire, refueling, or maintenance error). Corrective
actions to prevent recurrence of externaly initiated wing tank events have been in place for many years
and have been demonstrated to be effective. It has aso been observed that the use of less volatile fuel
(eg., Jet A versus JP-4) enhances safety.

Over the years, CWTSs have accumulated considerably fewer operating hours than wing tanks (e.g., a
Boeing 737 has two wing tanks and one center tank, so it accumulates wing tank hours at twice the rate of
CWT hours). Because the equipment in wing and center tanks is similar (i.e., equivaent in types and
numbers of potential ignition sources), there should be significantly fewer CWT events than wing tank
events. In actuality, however, the number of events is approximately equal for two reasons. First,
flammable vapors are present in center tanks a greater percentage of the time because they are not as
well cooled. Second, potential internal ignition sources in the wing tanks are more often submerged—and
thus present less risk—than they arein CWTSs, which are not filled unless additional range is required.

With the exception of the three most recent CWT events and the 1989 Bogota event, the causes of all
other CWT events have been addressed by actions designed to prevent or minimize their recurrence. The
1989 Bogota accident, which involved a breach of the fuel tank because of a high-explosive charge,
violated one of the ground rules this team established as the basis for forecasting future events.

For the three most recent CWT events, the exact ignition sources have not been identified. While
corrective actions to identify and minimize potential ignition sources are now being put in place, ameansto
reduce flammability in heated CWTs should be pursued.

The team concluded that the 1990 Manila, 1996 New York, and 2001 Bangkok events should form the
basis for forecasting future events.

3.2.2 Postcrash Fuel Tank Fires

As suggested by the Tasking Statement, the Safety Analysis Task Team evaluated the data provided by
DOT/FAA/AR-99/73. The Safety Analysis Task Team accepted the findings of this report and chose not
to duplicate effort in this area. The report considered 13 survivable accidents worldwide in which a fuel
tank explosion occurred but was not the prime cause of the accident. Each of the accidents was analyzed
in depth to assess the number of lives that might be saved if nitrogen inerting systems were used. The
predicted number of lives saved per year from this analysis were reported as

Ground nitrogen inerting, center tank only: 0.3

Ground nitrogen inerting, all fuel tanks: 24
Onboard nitrogen inerting, al fuel tanks: 6.0
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The team used this data to determine the forecast number of lives saved over the study period. Based on
assumed annual fleet growth rates and the implementation assumptions (discussed in the estimating and
forecasting section), the team forecasts that GBI of the CWT would save 5 lives worldwide over the
16-year study period. Smilarly, onboard inerting of all fuel tankswould save 101 lives worldwide over
the 16-year study period.

The report concludes

The predicted potential number of lives saved per year is relatively small compared to other
survivability factors. One of the reasons that nitrogen inerting may not be effective, in terms
of saving lives in the 13 accidents analyzed, is that in many cases fuel tanks were ruptured
when the airplane impacted the ground. Any nitrogen in the fuel tanks is likely to have
escaped with the spilled fuel. The system is only effective when the fuel tanks are not
significantly ruptured.

3.3 CONCLUSIONS
The following conclusions from the service history review can be drawn:

There is a close relationship between the incidence of explosions in wing tanks and the use of
“widecut fue” (e.g., JP-4).

Wing tanks operating with less volatile Jet A type fuel have demonstrated an acceptable safety record.
In comparison, heated CWTs are more vulnerable to explosion in the presence of ignition sources.
The three most recent events (1990 Manila, 1996 New York, 2001 Bangkok) form the basis for
forecasting future events.

Inerting fuel tanks may enhance occupant survival in accidents in which afuel tank explosion accurs
but is not the prime cause of the accident.
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4.0 SAFETY ASSESSMENT

41 METHODOLOGY

This safety assessment is designed to determine the net safety benefit associated with inerting. Section 4.2
provides an overview of the flammability exposure analysis tool that was used to determine the
effectiveness of inerting systems. Sections 4.3 and 4.4 discuss potential new hazards that must be
addressed with the implementation of any inerting system design. Section 4.5 describes the approach for
calculating safety benefits from inerting. Sections 5.0 through 9.0 discuss the safety benefits for each
design concept.

4.2 FLAMMABILITY
Understanding flammability relies on the science of quantifying when afuel vapor/air mixture will burn
upon introduction of an ignition source.

Jet fuel is ablend of more than 300 different hydrocarbons. When fuel is added to a tank, a certain
percentage of the fuel vaporizes, with more of the light hydrocarbons evaporating than the heavy ones.
The resulting vapor displaces some of the air in the tank and mixes with the air to create a fuel-to-air
mixture in the ullage (i.e., portion of the tank volume not occupied by fuel).

The amount of fuel vapor present in the fuel tank ullage is driven by the vapor pressure of the fuel, which
is strongly affected by the fuel temperature. Therefore, the flammability of ullage depends on the fuel
temperature while the airplane is on the ground, and on how it cools during the climb and cruise.

This fuel vapor/air mixture can be ignited when the ratio of fuel to air is within a certain range between the
lean and rich limits. For jet fuels, this combustible fuel-to-air ratio ranges from alean limit of around 0.03
(1 1b of fuel vapor to 33.3 b of air) to arich limit of around 0.24 (1 Ib of fuel vapor to 4.2 |b of air). Within
this fuel-to-air ratio range, a spark, arc, hot surface, or other ignition source can ignite the fuel vapor/air
mixture. Outside these limits, the fuel is either too lean or too rich to burn.

The energy needed to ignite fuel vapors varies as a function of the fuel-to-air ratio. The lean and rich ends
of thisratio require higher spark energy—more than 1,000 mJ. In the middle of the flammable fuel-to-air
ratio range, at around 0.08 (1 Ib of fuel vapor to 12.5 |b of air), the ignition energy needed drops to 0.25
mJ, or 5,000 times less than is needed at the lean and rich limits. For reference, ajet engine igniter plug
has a single-spark discharge of around 5,000 mJ, and a person walking across a carpet in dry weather can
create a spark of around 10 mJ. An increase in altitude increases the energy required to ignite the mixture.

Fuel tanks become more flammable as the airplane climbs, as a result of pressure decrease. While the
amount of fuel vapor doesn’t change, pressure influences the fuel-to-air ratio because the amount of air in
the tank lessens with dtitude. At constant temperature, this causes the fuel-to-air ratio to increase.
Modeling assumes a lean flammability limit temperature reduction of 1'F for each 808 ft of atitude gained.

The amount of fuel in the tank has an effect on the fuel-to-air ratio because the mixture of different
hydrocarbons in fuel evaporates to reach equilibrium. If there is only a small amount of fud in the tank, the
fuel may run out of light hydrocarbon components and a lower fuel-to-air ratio results. This effect exists at
low fuel quantities, generally near the unusable quantity of the tank.

4-1



ARAC FTIHWG 2001 Final Report

A flash point test isasimple test run at sealevel to find the temperature at which a small flame will ignite
afuel vapor/air mixturein asmall chamber. The flash point is useful for comparing one fuel to another and
is about 10°F above the lean flammability limit for jet fuels. Testing by the University of Nevada a Reno
for the FAA has established that the flash point temperature, determined by the American Society for
Testing and Materials (ASTM) Standard D 56, gives a fuel-to-air ratio of 0.044 for most Jet A type fuels.

The FAA has developed a computer program to compute the fuel-to-air ratio for a wide range of
temperatures, atitudes, and fuel loads for jet fuels. It usesthe ASTM D2887 distillation curve to define the
fuel in question. This program was made available to and modified by the FTIHWG The following
paragraphs describe the customization of this model for ARAC analysis.

421 Inerting

Inerting is the process of reducing the amount of oxygen in the tank ullage to reduce or eliminate the ability
of an ignition source to ignite the fuel vapor/air mixture. Prior work had established that—even with
military threats such as high-explosive shells—reducing the oxygen content of the ullage to less than 10%
would eliminate ignitions. The 1998 ARAC FTHWG proposed the concept of using GBI as a means of
reducing tank flammability.

The FAA has conducted research on the quantity of nitrogen or NEA needed to inert a smple tank,
the cost of providing NEA to the fleet, and—in cooperation with the industry—the use of GBI on a
737 airplane.

To support this research, the FAA has also developed an inerting computer program to assess the oxygen
content in the fuel tank ullage over a complete flight. The model can add NEA to the tank ullage at any
time and vary both the quantity and quality of the NEA. The model computes the amount of oxygen and
nitrogen present in the tank—both in the ullage and dissolved in the fuel—and the fuel vapor in the ullage
a 1-min time steps, from the time the airplane arrives at the gate to be fueled, through its fueling, dispatch,
flight, landing, and taxi-in at the destination airport.

This model uses Coordinating Research Council (CRC) solubility coefficients (CRC Aviation Handbook,
Fuels and Fuel Systems, no. Nava Air Systems Command no. 06-5-504, May 1, 1967) to compute the
amount of oxygen and nitrogen dissolved in the fuel, and then uses an exponential decay process to
transport the gas out of or back into the fuel, depending on the driving partial-pressure differential.

During climb, the exponentia time constant is reduced considerably to alow for the more rapid gas
evolution seen while climbing. The FAA used data from the 737 flight test to fine-tune the constants used
in the model. The model computes ullage gases based on the change in tank pressure and the amount of
NEA or air added in the 1-min increments. NEA and existing gases mix instantaneoudy, but the outflow of
oxygen and nitrogen from the fuel needed to reach a pressure balance is assumed to lag the current
oxygen content by 4 min, matching the FAA laboratory data.

The FTIHWG has used this model to assess the effectiveness of different inerting systems, including GBI
and severa forms of onboard NEA generation and delivery systems. The effectiveness of the inerting
system can be used to assess tank fleet flammability exposure, as discussed in the following paragraphs.

4.2.2 Flammability Exposure Analysis

The 1998 ARAC FTHWG studies developed a Monte Carlo smulation technique to assess fleet fuel tank
flammability exposure.
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This method used the thermal characteristics of afud tank, the given distribution of missions the airplane
would fly, and a modd of the range of ambient temperatures experienced to compute the tank temperature
for every minute of alarge number of flights. Simultaneoudly, this method compared the fuel tank
temperature to the lower and upper flammability limits (LFL and UFL) of the fuel presumed to be loaded
for that flight. From this, it was possible to determine the fleet flammability exposure, which is the number
of minutes the tank temperature is in the flammable range relative to the total operational time of the
airplane. The 1998 ARAC FTHWG showed that CWTs exposed to nearby heating sources would have a
flammability exposure of around 30% and unheated wing tanks would have a flammability exposure of
around 5%.

The 1998 ARAC FTHWG used proprietary thermal models and Monte Carlo analysis programs developed
by participating manufacturers. To conduct its own assessment of flammability exposure, the FAA
developed its own Monte Carlo flammability analysis program. The 1998 ARAC FTHWG and FAA made
their programs available to the ARAC FTIHWG for use and enhancement as needed to conduct the
appropriate studies.

The program follows the original ARAC concept of computing flammability for any number of flights and
obtaining a fleet-average exposure.

Because the 1998 ARAC FTHWG was studying a range of generic airplane types, it developed a set of
generic tank thermal characteristics. The concept defined an exponential time constant for the tank
temperature response to changes in ambient temperature and an equilibrium temperature difference
(relative to ambient temperature) to represent the thermal effect of heat input to the tank. A tank will
respond to a change in ambient temperature by following an exponential decay curve to the new
equilibrium temperature, defined as the new ambient temperature plus the temperature difference from
heating. The program used different values for ground and flight cases, and for full and nearly empty
tanks. The need to switch from afull to a nearly empty tank is defined by airplane data and the tank in
guestion. Manufacturers' proprietary data determined the specific values for the generic airplanes, which
represent an average generic configuration. The constants used do not represent any actual airplane.
Figure 4-1 shows these values.

Fuel tank thermal data Ground-heated CWT Flight-heated CWT
Equil. temp Time constant Equil. temp Time constant
Airplane type delta (°F) Full (min) Empty (min) delta (°F) Full (min) Empty (min)
Large transport 60 400 120 60 300 150
Medium transport 30 300 30 50 300 90
Small transport 37 300 25 50 300 90

Figure 4-1. Generic Tank Thermal Characteristics

A randomly selected ground temperature defines the atmospheric conditions for each flight by using a set
of Gaussian distributions to define the range of temperatures and a randomly selected tropospheric
temperature. The distribution of ground temperatures was based on 16 years of hourly temperature
observations (7 am. to 11 p.m., local times) for 533 airports worldwide. The data was weighted based on
the passenger volume for each specific airport. The climb period uses an interpolation scheme that
computes the atitude of the tropopause and includes a temperature inversion on cold days.

A random value based on a distribution of flight lengths from fleet airline statistics determines the mission
length for each flight, which is then scaled to match the maximum flight length of the generic airplanes.
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Time on the ground is a random variable consisting of taxi-in time (set at 5 min), time before refueling (set
at 5 min), refueling time (based on flight length and generic refueling rates), time at gate after refueling
(based on a probability distribution from airline fleet statistics), and taxi-out time (set a 5 min). The
approximate time on the ground for the generic large airplane is a minimum of 60 min, with 80% of the
ground times shorter than 105 min and the maximum lasting 225 min. The approximate time on the ground
for the small generic airplaneis aminimum of 20 min (10% of flights), with 50% taking less than 50 min,
80% less than 75 min, and the longest taking 210 min.

Fuel flammability properties are defined by a randomly selected flash point for each flight and the effect of
flammability temperature range computed as a function of altitude. The flash-point range is a normal
Gaussian distribution, with a mean temperature of 120°F, and a standard deviation of 8F. Generdly, this
resultsin aflash-point range of 100 to 140°F.

The modd can compute asingle flight and present the flight profile and resulting flammability information
as aplot, or compute the fleet flammability exposure for a given airplane type and tank for a Monte Carlo
run of any number of flights. The ARAC analysis used computer runs of 5,000 flight cases.

Inerting systems such as GBI can be examined in the flammability model by creating a set of rules for the
system using the inerting program discussed above. These rules compute when an increment of the flight
is not flammable because the tank is inert, resulting in reduced fleet flammability exposure.

The team uses the results of the flammability exposure analyses for the generic airplane types and tanks to
compute the effectiveness of candidate systems at preventing potential future accidents.

4.2.3 GBI Analyss

GBI was analyzed by adding a set of rules that inerted the center tanks with the volume of 95% NEA
necessary to reach 8% with an empty tank. The inerting is a step function inserted at 50% of the time at
gate after refueling. Had additional modeling time been available, the team would have evaluated actual
inerting flow time and varied time at the gate, though this rule seemed likely to represent the average
airline operations. Section 5, Ground-Based Inerting System, presents the results of the GBI analysis.

4.2.4 OBGI Analysis

OBGI was analyzed to ensure that the ullage contained 10% or less oxygen concentration. This
concentration had to be achieved while the airplane was parked at the terminal gate. The NEA purity
depended on the technology being analyzed. The size of the system was highly dependent on the time
available at the gate to inert the fuel tanks. A flammability exposure analysis was then performed to
compare the OBGI system to the other technologies.

Hybrid OBGI was analyzed in exactly the same way except that it was able to take advantage of an
additional 5 min during taxi-in, after landing, to inert the fuel tanks. This dightly decreased the system size
compared to OBGI, while maintaining the same flammability exposure.

425 OBIGGS Analysis

OBIGGS was analyzed to ensure that the ullage contained 10% oxygen or less during al phases of flight.
The NEA purity depended on the technology being analyzed. Based on the 737 flight testing conducted by
the FAA, where the tanks remained inert for severa hours after receiving nitrogen, it was assumed that
OBIGGS would not operate on the ground.
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Hybrid OBIGGS was designed to provide the same flammability exposure as the GBI, OBGI, and hybrid
OBGI systems. The focus was on ensuring that the flammability exposure during ground operations, taxi,
takeoff, and climb were consistent with the other systems.

4.3 FUNCTIONAL HAZARD ANALYSIS

Because some of the inerting concepts involve technologies not currently fully mature or provenin a
commercid airline environment, rigorous and detailed safety analyses could not be performed down to the
component level with confidence. However, the team did perform atop-level FHA, which isincluded in
appendix H, Safety Analysis Task Team Final Report.

4.4 PERSONNEL HAZARDS

441 General

Nitrogen and other inert gases are not normally dangerous, but when used in confined spaces they can
create oxygen-deficient atmospheres that can be deadly. Nitrogen is especially hazardous, because it
cannot be detected by human senses and can cause injury or death within minutes. In the United States, at
least 21 people have died in 18 separate incidents involving the use of nitrogen in confined spaces between
1990—when more stringent requirements were adopted—and 1996. Every year in the United Kingdom,
work in confined spaces kills an average of 15 people across a wide range of industries, from those
involving complex plants to those using simple storage vessels. Fatdities include not only people working in
confined spaces, but also those who try to rescue them without proper training or equipment. Still more
people are serioudly injured.

The hedlth risk to ground and maintenance personnel servicing airplanes that use nitrogen inerting
technology is present not only in the fuel tanks themselves, but aso in the location of the nitrogen-
generating equipment. Wherever possible, such equipment should be located outside the airplane pressure
hull. However, thisis not possible on all airplanes. Therefore, it will be necessary to ensure that safety
systems and procedures are in place to protect the airplanes and personnel working in and around them.

The following sections highlight some of the hazards associated with operating fuel tank inerting systems
on commercia transports and the risks they pose to the airplane, its occupants, and maintenance
personnel.

442 Confined Spaces
The Occupational Safety and Health Administration (OSHA) defines a confined space as a space that
by design

Has limited openings for entry and exit.
Has unfavorable natural ventilation.
Is not intended for continuous employee occupancy.

OSHA further defines a permit-required confined space as a confined space with
Hazardous atmosphere potential.
Potential for engulfment.

Inwardly converging walls.
Any other recognized safety hazard.
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By this definition, al airplane fuel tanks meet the OSHA definition of a permit-required confined space. If
the tanks were to be inerted, the current requirement to ventilate fuel tanks before entering would be
critical. In addition, other locations under consideration for housing nitrogen-generating equipment, such as
cargo holds, wheelwells, wing-to-body fairings, and APU bays, may aso be considered confined spaces.
As such, appropriate entry procedures must be in place to minimize the risk to workers entering these
spaces. These areas should be clearly marked and workers thoroughly educated regarding both the
hazards of confined-space entry and the insidious nature of nitrogen asphyxiation and death.

The costs associated with implementing these additional confined-space entry procedures worldwide are
estimated at $39.8 million for safety equipment and an additional $28.3 million per year in labor (see
addendum F.E.1 in appendix F). Even with these procedures in place, accidents will continue to happen as
aresult of people bypassing or smply ignoring the procedures, asis proven annually by the current record
of injuriesand fatalities.

4.4.3 Gaseous Nitrogen

The most significant hazard associated with exposure to nitrogen is breathing the resulting oxygen-
deficient atmosphere. Normal atmosphere is made up of approximately 21% oxygen, 78% nitrogen, and
1% argon, with smaller amounts of other gases. Nitrogen, which is colorless, odorless, and generally
imperceptible to normal human senses, requires the use of oxygen-monitoring equipment to detect oxygen-
deficient atmospheres. Despite its nontoxic profile, nitrogen can be quite deadly if not properly handled.

It is not necessary for nitrogen to displace al the 21% of oxygen normally found in air to become harmful
to people. OSHA requires that oxygen levels be maintained at or above 19.5% to prevent injury to
workers. Figure 4-2 summarizes the expected symptoms at various oxygen concentrations for people who
are in good hedlth.

Oxygen concentration, % volume Symptoms Maximum exposure
19.5 None NA
1410 19.5 Labored breathing, particularly at higher NA
workloads
12t0 14 Physical and intellectual performance impaired, |NA
increased heart rate
10to 12 Rapid breathing, dizziness, disorientation, 10 min
nausea, blue lips
810 10 Loss of control, gasping, white face, vomiting, - 50% of people will not survive 6 min
collapse - 100% of people will not survive 8 min
4108 - Coma - 40 sec
- Death - 2min
<4 Death Seconds

Figure 4-2. Personnel Hazards

The very nature of oxygen deficiency is that the victim becomes the poorest judge of when he or sheiis
suffering from its effects. Victims may well not be aware of their condition and could fal unconscious
without ever being aware of the danger.

444 Liquid Nitrogen

For OBIGGS, which uses cryocooling methods, liquid nitrogen presents its own specific hazards. Although
relatively safe from the point of view of toxicity, liquid nitrogen—in common with all cryogens—presents
thefollowing hazards:

Cold burns, frosthite, and hypothermia from the intense cold.
Overpressurization from the large volume expansion.

Fire from condensation of oxygen.

Asphyxiation in oxygen-deficient atmospheres.
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Skin contact with liquid nitrogen can cause tissue to freeze, resulting in severe burns, which are caused by
the extremely low temperature of the cryogenic liquid, not by a chemical reaction. Liquid nitrogen
contacting the airplane structure may cause degradation of materials, especialy deterioration of
composites and stress cracks in aluminum, and could result in structural failure.

The risk of oxygen-deficient atmospheres when using liquid nitrogen arises from the vast expansion of the
substance as it boils or vaporizes. Just 1 L of liquid may produce around 700 L of gas at atmospheric
pressure, displacing significant quantities of breathable air if the gasis released in a confined space such
as an airplane fuel tank or pressure hull. The tendency of cool nitrogen to accumulate at low levels, where
itislesseasly dispersed than the ambient atmosphere, compounds this problem. Even an apparently small
spill could lead to dangeroudly low oxygen levels, presenting a serious hazard to personnel and other
occupants in the area

Oxygen condensation from the atmosphere as a result of extreme cold is another potential hazard of using
cryogens. Liquid oxygen can create highly flammable conditions, and may also create local oxygen-
enriched atmospheres, presenting a greatly increased risk of fire or explosion should an ignition source

be present.

445 Gaseous Oxygen

Gaseous oxygen, a byproduct of the nitrogen generation process, presents its own potential hazards.
OBIGGS concepts are designed to vent oxygen overboard; however, some form of leak detection would
need to be in place. Failure to provide such detection may result in an oxygen-rich atmosphere with
associated risk of fire and explosion. Many materials that would normally only smolder in air, such as
clothing, will burn vigorously in an oxygen-enriched atmosphere, making it essential that staff members are
alerted to high oxygen concentrations so that the risk of fire can be minimized.

45 SAFETY BENEFIT ANALYSIS

The safety benefit forecast approach is based on the conclusions drawn from the service history review.
Specifically, analysis showed that the tank explosion rate is not the same for all tank types. Further, there
are similar types and numbers of