Leigh|Fisher

in association with

AirProjects Inc.
Conway Consulting
Gunda Corporation
Quadrant Consultants
RdIR Architects
Sunland Group

DRAFT TECHNICAL REPORT

MASTER PLAN
GEORGE BUSH INTERCONTINENTAL AIRPORT/HOUSTON

Prepared for

Houston Airport System
Houston, Texas

May 2015

oW & HOUSTON
LTSN AIRPORTS



Leigh|Fisher

DRAFT TECHNICAL REPORT

MASTER PLAN
GEORGE BUSH INTERCONTINENTAL AIRPORT/HOUSTON

Prepared for

Houston Airport System
Houston, Texas

May 2015

CHICAGO AMSTERDAM
CINCINNATI BERN
DALLAS BOLOGNA
SAN FRANCISCO GLASGOW
WASHINGTON, D.C. LONDON
TORONTO MANCHESTER

MUMBAI

READING

www.leighfisher.com



MASTER PLAN 2035
GEORGE BUSH INTERCONTINENTAL AIRPORT/HOUSTON

CONTENTS

1 INTRODUCTION AND BACKGROUND........ceiriierieeiniieenieenteesieesieeesieeesireesveesnsseenes 1-1
1.1  AIRPORT SETTING ...uuutuuuieiuirinininieirieerrereereereerereeerereeeeeeeeeereesereeeeereeeeeeeeeeeseeeees 1-1
1.2 AIRPORT SITE .uututiiiiiieieieinieieieieinieeeeerrrrerereereereeeseeeeeeeeereeereeeeereeeeeeeeeeseeaeesaeaanes 1-1
1.3 PLANNED AIRPORT IMPROVEMENTS ....ouuuiiiiiiiiiniiiiiriniieieverereieneeeseeeeeeeeeenenen 1-4
1.4 VISION, GOALS, AND OBJECTIVES.......ouuuururerererirererenenerereseserseeeseseeeeeremmee 1-4
1.4.1  Master Plan 2035 ViSION ...cccovcieiiiiiieeinieee et 1-6

1.4.2 Goals and ObjJECLIVES ....ccuueeeeciiee ettt e 1-6

2 ASSESSMENT OF EXISTING CONDITIONS......cooiiiiiiee et eeeeeaee 2-1
2.1 INTRODUCTION ....iiiiiiieiiicieeecece s bebeaeseseennnennes 2-1
2.2 AIRFIELD AND AIRSPACE .......cooiiieeeeeee e 2-1
2.2 1 AIFFIEId e e e 2-1

2.2.2  Navigational AidS .....cueeeieciiieecciee e 2-8

2.2.3  Airfield Operations ......cccccueeeeeviiee et 2-10

2.2.4 Airspace and Air Traffic CoNtrol.......ccccceeecieeiiiiiee e 2-16

2.3 PASSENGER TERMINAL COMPLEX ...ccooviirieeriieeiiteenteesteesieeesineenaneesveesnveen 2-19
2,31 OVEIVIBW . euiiiiiiiiiiiiiiiiete ettt e ettt e e e e s e ee e e e e s s sanereeeeeseesnnne 2-19

2.3.2 Passenger Terminal CharacteristiCS......ccocvvvvrvviieeiiiiieeescieee e 2-20

2.3.3  TermMiNal A oot rr e e e e e e eeaaas 2-22

2.3.4  TermMiNal Buuuueeeii ettt e et e e e e abre e e e e e e 2-28

2.3.5  TermiNal Cuuueeeeeeeeeeeee ettt e e e e e e abae e e e e e e eanes 2-34

2.3.6  TerMiNAl D coeeiieiiiee et 2-44

2.3.7  TerMINAI Eueveeeiiieee ettt 2-49

2.3.8 Federal Inspection Services BUilding .........ccccceeeevcciieeee e, 2-54

2.3.9 Building Spatial Allocation .........cccceeeeeeciiiiiee e 2-55

2.4 GROUND TRANSPORTATION AND PARKING ....ccuvuiiiiiiiiiiiiiiiiccee e, 2-66
Nt R AV [ o To o Yo o =L 2-66

2.4.2 Passenger Terminal Circulation Roadways........cccccvvvveeeeeiicvinnenennn. 2-69

2.4.3 Terminal Curbside FacilitieS.......cccvrvuiiiiriiiieiiiiieeeiee e 2-75

2.4.4  Parking Facilities ....ccuuveeeeeiiiciiieiee e 2-87

2.4.5 Car Rental FaCilities .....coovcieeiiiiiieiiiiee et 2-91

2.4.6 Commercial Vehicle Facilities and Operations ........ccccceevevveeienneenn. 2-96

2.4.7 Non-Terminal Area ROAAWaYs ......ccccvvveeiiiiieiiiiiee et 2-97

2.4.8  PUBIIC Transit couueeveieeiiiieie et s 2-99

2.4.9 Regional Transportation Plans........cccceeeciiieiiiiiiie e e 2-99

2.5 AIR CARGO .. uiiiiiiieiiee ettt ettt et site e st e sbe e s beessate e sateesataesabaesnsseesabeenas 2-102
2.5.1  TAH Central Cargo ....ccveeieciieeeeeiiie ettt ettt e e e e s eaae e 2-102

2.5.2  JAH EQST Crg0 .uuuuuueiiiiiiiiiiiiieiiiiiiiriieeteererererereeeeeeeeeeeeeseseseseseseseseseseees 2-104

2.5.3 Cargo Airlines Serving the Airport ......cccecveeeiiiieeeccieee e 2-104

2.6 GENERALAVIATION ...ttt ee et s e e e e e e aaasn e e s e e e e e e eaaan e 2-106
2.6.1  Landmark AViation.....eeeeeeieeciiiieeee et rrrer e 2-106

2.6.2  AtIantiC AVIAtioN ..coovciiiiiiiiie e 2-106

2.6.3  Corporate AVIatioNn ......ccccccueeeeueuiriiiiiiiiereiererererereeereeereeeee e 2-107

Draft Master Plan Technical Report

April 28, 2015



MASTER PLAN 2035
GEORGE BUSH INTERCONTINENTAL AIRPORT/HOUSTON

CONTENTS (continued)

2.7 AIRPORT AND AIRLINE SUPPORT .....cciiiiiiieiiiteeesiiieeesiteeessreeeessvreeeesnneeesnns 2-109
P 0 R AV o o To ] ST UT ] o Yo O PP TPPPPPN 2-109

2.7.2  AIrliNg SUPPOIT...ciii ittt e 2-111

2.8 ENVIRONMENTAL OVERVIEW ...ooiiiiiiiiiiiiiie ettt e s e evae e e sanaee s 2-112
2.8.1  Water RESOUICES .....uuuuuuieueiiiiiiiiiiiiiaieiererererereerereeereeeeereseeeeeseseesereeeees 2-112

2 0 A o (o To o [ o] F=1 1o -SSR PRUP 2-115

2.8.3  Wetlands.....coiieiiiii e e 2-118

2.8 4  AIF QUAILY ceveeeieiiiee e 2-121

2.8.5  LANA USE .uuiiiiiiiiie ettt 2-122

2.8.6  ENangered SPECIES......cuiiiiiccciiiiieee ettt e 2-128

2.8.7 Hazardous MaterialS........cceeerriiiiiiiiieiinieee it 2-129

3 AVIATION FORECASTS .etiieittee ettt sttt ettt s sttt e sttt e e st e e s sabe e e ssabaeeesnsaeessnseeens 31
3.1 INTRODUCTION AND SUMMARY .....utttiiiiiiieiiiieiesiiteeessreeessiseeessseeesssneeeens 3-1
3.1.1 Forecast Process and Approach ........ccccoeeereiiiicciiiieee e 3-1

3.1.2  ENplaned PasSENEEIS ....ccieiieeccriiieeeeeeeciirtee e e e e eeeitreeee e e e e esnrraeeeeaeeens 3-2

0t G T AV | - o - (o T PPPPPP 3-3

3.1.4  Aircraft Operations.......ccccuieeeciiiie ettt e rae e e 34

3.1.5  Airport SErvice REZION .....uuuuuueueiiiiiiiiiiiiiiiiiiiieveievevererereeeeeeeeeeseeeeeneeee 3-5

3.1.6  AIrPOrt ROIE coveeici et e e e e 3-7

3.2 ECONOMIC BASIS FOR AVIATION DEMAND ......ottiiiiiieiiieeeeieeeeeiieee e 3-10
3.2.1  SOCIOECONOMIC TrENAS..cuveieiieeriee st eieeeiteesteesbee e steeeseeeesbeesiae e 3-11

3.2.2  ECONOMIC OULIOOK ..ovueiiiiiiiiiieiiiee sttt 3-17

3.3  HISTORICAL PASSENGER AIRLINE TRAFFIC .....cuviiiieiiieeiieee ettt 3-20
3.3.1 Airlines Serving Intercontinental .........cccccoeeiiiiieiieciiee e 3-20

3.3.2  ENplaned PasSENgErS ....ccccuiieieciieeeiiiiieeeciieeeseiree e ssitree e sire e e s svaee e 3-20

3.3.3 Airline Market Shares and Passenger Service ........cccceevvcvveeercveeennns 3-26

3.3.4 Origin-Destination Markets........ccccecveeiiiiiieiiciiee e 3-30

3.3.5 Airfares for Domestic Origin-Destination Markets..........cccccceeuveenn. 3-30

3.3.6  Monthly Airline TraffiC.....ccccceeeeiieiiiiie e 3-33

3.4  HISTORICAL AIR CARGO ....uiiiiiiiiiieiiiieeeritee e seitee s svee e s e e saraeesssaae e snneneaeeas 3-37
3.4.1 All-Cargo Airlines Serving the Airport........ccccceeevcciiieeee e, 3-37

3.4.2  Historical Air Carg0 ...ueeieiieecciiiiie e e e e ecitee e e e et e e e e e e satrre e e e e e 3-39

3.4.3 Airline Shares of Air Cargo.....cccocveeeeeeeccciiieiee e e e eccrre e 3-41

3.5 HISTORICAL AIRCRAFT OPERATIONS ...cotuititieiiteeniiee e eriteeesveeessinee e sveee s 3-45
2R T8 A V| O G- | ¢ o = SO UUPUPPPPUPPPPO 3-45

3.5.2  AirTaxi and COMMUEET .......ceeviiiieiiiiiee ettt eriree et e e e 3-45

3.5.3  General AVIatioN ....cccueiiiiiiiei e 3-45

I T S |V, 1111 = oY USRI 3-45

3.5.5 Monthly Aircraft Operations ........cccccueeeeecieeeciieee e 3-45

3.6 AVIATION DEMAND FORECASTS ....eeiiiiieitee ettt sirtee st eesieeee e s 3-48
3.6.1  ENplaned PasSENEErS .......coiveeieciiieiiiiieeeeiieeeeetree e eitreeesiae e e e evree e e 3-48

R T AN | o - ¢ -{ PP PPPPPP 3-58

3.6.3  AIrcraft Operations ......cccccvieiieiiie it 3-71

Draft Master Plan Technical Report

April 28, 2015



MASTER PLAN 2035
GEORGE BUSH INTERCONTINENTAL AIRPORT/HOUSTON

CONTENTS (continued)

3.7 COMPARISON WITH THE FAA 2011 TAF ..oveiiiiiee et eeee e 3-78
3.8 FORECASTS OF PEAK PERIOD DEMAND AND AIRCRAFT FLEET
DISTRIBUTION .....cuttiieitiiee ettt eeecitee e sttt e e s vee e s re e e e svae e e s snbaeeeenbeaessnnsaeesnnnees 3-81
3.8.1 Forecast Approach and Methodology ........ccccecvveiiriiiiiiiciiiiiiieees 3-81
3.8.2 Peak Period Demand FOreCastsS.....c.cvuerrriveriiiieeeeniiieeesieeeessveee e 3-81
3.8.3  Aircraft Fleet FOrecasts......cccovvuiiiiiiiiiiiciiee it eseee e 3-86
4 FACILITY REQUIREMENTS ...ttt ettt ettt e e s siee e s s ibae e s sibee e s 4-1
R |V (0 10 o 1 0 PR 4-1
4.1.1  Planning Activity LEVEIS ....ccuveeieciiiieciieee et 4-1
4.1.2  Future Flight SChedules .........coovoiiiiiiiiiieciee e 4-2
4.1.3  Summary of Requirements........cccoveeeeeiieciiiiiieee e 4-4
4.2  AIRFIELD AND AIRSPACE REQUIREMENTS....ccciiiitieriiieeeeiieeeseieeeesveee e e 4-8
4.2.1 Recommendations for Further Study from Previous
Y T A=Yl o -1 o PRSP 4-8
4.2.2 FAA Standards and Requirements........cccecccuivieeeeeieccciieeee e, 4-9
4.2.3 Runway Length Requirements.......ccccceeiveciiireeee e 4-11
4.2.4  Potential impacts of Technology and Industry Trends..................... 4-14
4.2.5 Changesin Airline Fleet MiX ......cccoueeeieiiiiiiiiieee e 4-14
4.2.6 NextGen TeChNOIOZY ......uuveiiiiiicciiieeee et e 4-15
4.2.7 Optimization of Airspace and Procedures in
the MetropleX (OAPM) ......ueii ittt ettt 4-16
4.2.8 Demand-Capacity COmMPariSON .......cccccuveeeecieeeeiiieeeeiieeeescnreeeesnneeeas 4-17
4.2.9 Airfield and Airspace ConclUuSiONS ........ccceeevieeeicieee e 4-30
4.3 PASSENGER TERMINAL COMPLEX REQUIREMENTS .....ovviviiiniiiiiiinieeniees 4-30
4.3.1 Aircraft Gate Requirements....c.cccveeeeciieeiiiiee e 4-30
4.3.2 Passenger and Baggage Processing Facility Requirements.............. 4-34
4.4 GROUND TRANSPORTATION AND PARKING REQUIREMENTS ........cccceeenneen. 4-44
O R 2 o F- o 1Y YRR 4-44
Oy N 1 =\ V7Y I 0 1 V=T U UURUR 4-55
4.4.3  Major Intersections .......oooeeeeeieeeee e 4-58
A48 CUIDSIES .eveeeieiieee ettt e s s eree e e s sreeeesans 4-59
4.4.5 Parking and Rental Car Facilities .....cccccceeeeciiiieeee i, 4-68
4.4.6 Automated People Mover Systems........cocccvvveeeeeeececiiieeee e 4-73
4.5 AIRPORT AND AIRLINE SUPPORT FACILITY REQUIREMENTS .....ccceveverernens 4-75
4.5.1 General Aviation FacCilities ......coecvueeiiriiiiiiiiieeeiiec e 4-75
4.5.2 General Aviation Facilities SUMMary.......ccccocveeee e, 4-78
4.5.3  Airline Air Cargo FacilitieS......ccocccvvieeeeiiiieceeeee e, 4-81
4.5.4 Integrated Air Cargo Facilities .....ccccceeeeivecciieeee e, 4-91
4.5.5 Airport Support FacCilities.....ccceeecciiieeeei e 4-93
4.5.6 HAS Administrative OffiCeS......cvviiirieiniiiiiieiee e 4-96
A.5.7  FUEBIFArM oottt sttt s s sabe e e 4-97
4.5.8 United Alrlines Support Facilities ..........cceeveeeeicieeeeiieee e 4-99
4.5.9 Other SUPPOrt FACIlities.....ccueeeeciiieieiieee et 4-104

Draft Master Plan Technical Report
April 28, 2015



MASTER PLAN 2035

GEORGE BUSH INTERCONTINENTAL AIRPORT/HOUSTON

CONTENTS (continued)

5 ALTERNATIVES ...ttt ettt sttt ettt e e st e st e e sttt e s sabaeessasneeesansneeens 5-1
5.1 APPROACH ..ttt sttt ettt e sttt e e s s bte e e s sabae e e sentaeessan 5-1
5.2 AIRFIELD ALTERNATIVES ...ottiiiiiieeeriitee ettt et e e st e e sivae e s e e ssaaeeeeas 5-3

5.2.1 Airfield Alternatives Approach ........ccccceeecieeieiiiee e 5-3
5.2.2  Longlist of Runway AIternatives ........cccceecveeeeeiieeeecieee e 5-4
5.2.3  Primary Runway Alternatives SCreening .....cccccceeeevvvveeeeeeeecnvvneneennn, 5-7
5.2.4  Shortlist Runway AILErNatives .......cccceeeeeciieeiiiiiee e 5-8
5.2.5  Secondary SCrEENINEG .......ccveeeeiieeeiiiiee e ectteeeeeree e et e e e esee e e e sraeeesnes 5-13
5.2.6  Simulation Analysis of Preferred Runway Alternative ..................... 5-30
5.2.7 Runway Extension AIternatives .......c.cccceecveeiiciiee e 5-46
5.2.8  Taxiway AErnatiVes.....ccccceeeieciieei ettt e e eevae e 5-47
5.3  TERMINAL AND LANDSIDE ALTERNATIVES ....ccuvviiieiiee et 5-51
5.3.1 Aircraft Gate ReqUIremMents.....c.ccceeecvveeeiciiee e et 5-52
5.3.2  Evaluation of Terminal Complex Capacity.......ccccceevveeerivieeeiscieeennns 5-53
5.3.3 Terminal Roadways and Curbsides.......cccccceevrviierirciieeincieeeesieee s 5-59
5.3.4  Parking .oooocueee et e 5-61
5.3.5 Terminal Development Sites .....cccccceieiiiiiiiee e 5-61
5.3.6  Primary SCrEENING........uuuuuuueeeeeierireeerererereeerererrrerrrererrrrrrrrrrrrrrrrrerrree 5-62
5.3.7 Shortlist Terminal ALernatives......cccccevveciieeiiiieiincieee e 5-66
5.3.8 Secondary Screening evaluation ........cccccveeeeiiicccciiieee e 5-75
5.3.9 Preferred Terminal AIternative .......ccccevveciieeiiiiiee s 5-89
5.4 CONCLUSIONS....coi ittt ettt sttt et e e st e e ssitae e s sbtaeessbeaeessabeaeesans 5-89

6 IMPLEMENTATION PLAN ..ottt ettt ettt e st e s s e s e abee e s snes 6-1
6.1 INTRODUCTION AND APPROACH .....otttiiiiiieiiiiiteeriieeessrreessvee e ssneeeesaeee s 6-1
6.2 RECOMMENDED PROJECTS AND PHASING PLAN.......coovvviireiirieeeiieeee e 6-1

N R o AN I A o [ =T 3PP 6-2
I o AN B B o [T 3PP 6-10
L T o AN 0 I o [T 3PP 6-16
6.2.4 Concepts Beyond the Planning HOrizon .......cccccoeeeviveeeeiivcciiieneenn. 6-20
6.2.5 Regional Roadway Improvements........ccccceeeeeeeeicciiieeeeeeecciieeeeee e 6-22
6.3 FUTURE LAND USE PLAN ...otiiiiiiiieiiiiee ettt ettt e sitee e e st essene e 6-22
6.4 CAPITAL IMPROVEMENT PROGRAM ..ccooiuiiiiiiiiiieeiieee ettt 6-22
7 ENVIRONMENTAL OVERVIEW ...c.ueiiiiiiiiiieeciteeecite e esteee e tte e s svee e e svae e e e saraee s 7-1
7.1 INTRODUCTION ..oiiiiiiiiiiiiieeeiitee ettt ettt e e st e e s sbte e e ssbeee e seabeeessbeaeessnbeaeesans 7-1
7.1.1  Scope of Environmental REVIEW .........cceevciieeiiiiieeicieee e 7-2
7.1.2 Impacts to Environmental Resource Categories .........ccceevveeervvnennn. 7-2
7.2  RECOMMENDED MASTER PLAN PROJECTS ....cuviiiieiiiieeriieee et 7-2
7.3 PAL25 PROJECTS etiee ettt ettt ettt ettt sttt e e s sba e e st e s snaeeessnneeeesans 7-2
7.3.1 PAL25 Projects with a Dependent ULility .......coceeeeieeiiiiiieeeccieeens 7-3
7.3.2  PAL25 Projects with Independent Utility ........cocevveieeiiiiiieniciinnns 7-9

Draft Master Plan Technical Report

April 28, 2015



MASTER PLAN 2035
GEORGE BUSH INTERCONTINENTAL AIRPORT/HOUSTON

CONTENTS (continued)

7.4

7.5

7.6

7.7

Appendix A
Appendix B
Appendix C
Appendix D
Appendix E
Appendix F

PAL33 PROJECTS oottt e e e et se e e s e e e e aaabaee s e e e e eeaeasaaan 7-20
7.4.1 PAL33 Projects with a Dependent Utility .....ccccoceevvciieeiiiiieeiiieenns 7-21
7.4.2  PAL33 Projects with Independent Utility .......coccevveiieeiiiiieeiiiieenns 7-22
PALAO PROJECTS . oeiiitiiiie ettt ettt e e e ea e s s e s e e e e aa e baaee e e e e e eeaansnnan 7-25
7.5.1  PAL40 Projects with Dependent Utility ......cccoocveeiviiiieiiiiiieiieees 7-26
7.5.2  PAL40 Projects with Independent Utility .....cccccoeeeeviieeeeiinccciiienen. 7-27
CONCEPTS BEYOND THE PLANNING HORIZON...ccooiiiiiiiiiiiieeieececciviiceee e 7-29
7.6.1  RUNWAY OR-27L covrriiiiieiiiieeticee ettt 7-30
7.6.2  Crossfield TaXiway SM .....ccoo it 7-30
7.6.3 Long-Term Terminal Expansion Options ......ccccceecccvieeeeeeececcnvieeeeenn. 7-30
NEXT STEPS TO ADDRESS POTENTIAL ENVIRONMENTAL IMPACTS. .............. 7-30
770 AN QUAIEY ceeeeeiiee e 7-30
7.7.2  BIOTa e e e e 7-31
7.7.3  Water QUAlILY ..ccooeeiiieeee e 7-31
774 Wetlands. ..o iiiii e 7-32
7.7.5  FloOdPIains...cccuviii ittt e 7-32
7.7.6  Hazardous Materials.......cccevierrieiniiieniieiieeriee et 7-32
7.7.7 Secondary (Induced) IMPacts .....ccceecveeeieiieeeciieee e 7-32

ALTERNATIVE FORECAST SCENARIOS

AIRFIELD AND AIRSPACE SIMULATION ASSUMPTIONS
MASTER PLAN TAXIWAY RECOMMENDATIONS
ROADWAY TECHNICAL ANALYSIS

PARKING OVERVIEW

COST ESTIMATES

Draft Master Plan Technical Report

April 28, 2015



MASTER PLAN 2035
GEORGE BUSH INTERCONTINENTAL AIRPORT/HOUSTON

TABLES

1-1

2-1
2-2
2-3
2-4
2-5
2-6
2-7
2-8
2-9
2-10
2-11
2-12
2-13

2-14
2-15
2-16
2-17
2-18
2-19
2-20
2-21
2-22
2-23
2-24
2-25
2-26
2-27

3-1
3-2
3-3
34
3-5
3-6
3-7
3-8
3-9
3-10
3-11
3-12
3-13
3-14
3-15

Master Plan 1SSUES IMatriX ...c.uuiiiicuiieeiiiiee ettt et ssree e s snre e e s sreeeesans 1-5
RUNWAAY DAt .iuiiiiiiiiiiiiiiiiiiiiiiiiiireeereeeseeeeeeseeeeeeeeeeseseseeeseeeeeseseseseseeeseesesesseeeeeeasaeseasasens 2-5
Weather CONItIONS....coiiiiiiieiiee ettt et e s bae s sabeesabeesaees 2-11
RUNWAY WiIN COVEIAZE.....uuiiiiiiiiiiciiiieeee e e eecitte e e e e s eeettreee e e e s e snstaeeeeeesssnsssaneeessenannns 2-13
Runway Use Configuration OCCUIMTENCE.......cccccuuiiieeee e ettt ee e et e e e e e eearree e e e e 2-15
Terminal A Space Allocation and USAge .........uueeeeeiieciiiiiiiee ettt e e eerere e e e e 2-58
Terminal B Space Allocation and USAge ........ccoccveeiiiiieiiiiiieeeciee e 2-59
Terminal C Space Allocation and USAge .......eeeeviieeeiiiiee ettt eveee e 2-60
Terminal D Space Allocation and USAgE .......eeeevvieeeiiiieeecieee et svtee e e eveee e 2-61
Terminal E Space Allocation and USAge.......cc.uvveeeeieiiiiiiieeee e cccvireee e eescvanne e e e e eneens 2-62
FIS Space Allocation and USAZE ........c..uuviieiieiiiiiiiiiie ettt e e ectrvee e e e e e e e nnrn e e e e e e e 2-63
Primary ACCESS ROAUWAYS ....ueeeiiiiieciiiiiiee e e e ettt e e e e eeeitre e e e e e e e saarrae e e e e s seensnraeeeeeeeennnns 2-68
24-Hour Traffic Count Volumes, Peak Hour, and Peak Hour Volume ..........ccccceeuuunee 2-74
Summary — Vehicle Dwell Times at Terminal Curbs (MM:SS)

DUriNg AM-PM PEaK HOUF .....uviiiiiiiiciee ettt ettt et e s et e e st e e evae e e e 2-86
Peak Hour Curbside Volume by Vehicle Classification ...........ccccecovveeeicieeeiccieeeciee, 2-87
On-Airport Public Parking Facilities ........cuuveeeieeeiciiieeec et 2-90
Off-Airport Parking Facility Occupancy Rates........ccccceeeeiiiecciiiieee e, 2-91
Non-Terminal Area Peak Traffic VOIUMES .......cooociiiiiiiiiiicieeeeee e 2-97
Peak Hour Turning Movement Counts — Airport Perimeter Intersections................. 2-98
Regional Transportation Improvements in Vicinity of Airport........cccccoevevciveeennnnn. 2-99
7Y o IOl o d =] I G- o TR UPUTNE 2-102
1N o I T 01 /= o T PO POPPPPTPPPPRNN 2-105
Corporate Aviation FaCilities.......uuuiiieecciiiieie et 2-107
Water Quality Data for Streams Near IAH (2012) ....ccoeevveeecieeeiieecieecree e 2-115
Peak Stream FIOW GauZe RECOIAS ...cccccuiiiieeiiiiecciiee e eciree et et e e evae e e aree e 2-117
Airport Emissions Inventory and Projection.........ccccccveeeiciiieeccieec e ccieee s 2-125
Off-Airport Land Uses Within Five Miles of IAH .........cccccoeiiiiiiii e 2-126
Endangered Species in Harris COUNTY ......cociiiicciiiiieee et e e etnae e e 2-128
Airport Service Region Population..........coccuiiiiiiiii it 3-5
Total Passengers at the 10 Busiest U.S. Airports in 2011 .......cccccceeevvviieeeecieeeeecineeeenns 3-7
Historical and Projected Socioeconomic Data........ccceecveeeeeiiieeeiiiee e 3-12
Comparative Unemployment RAtes ......ccuveeeiiiiiiciiiieee et 3-14
Fortune 500 Company Headquarters in HOUSTON .......cccccviiieieiiiccciieeeee e, 3-16
Convention and Business Travel in HOUSEON ......coovcviiiiiiiieeiiiiec e 3-17
Historical and Projected Gdp Growth by World Region.........cccoecvveeiicieeeiiciieeecinnn, 3-18
Airlines Serving Intercontinental as of July 2012..........ccoovciiiiiiiiei e 3-21
Houston Airport System Historical Enplaned Passengers .......cccccccceeeecveeeicciveeescnnnnnn. 3-22
Historical ENplaned PasSENEEIS ........uuiiiiieiee ettt e e eeeteeee e e e e esvrare e e e e s e snsreneeeeeeeennns 3-23
Airline Market Shares of Enplaned PasSeNngers ........ccccuveieeeeiecciiiieeee e eecinreeee e e e 3-27
Nonstop Airline Service as of JUlY 2012......ccooiiiiiiee et 3-28
Historical Domestic Originating Passengers by Market in 2011..........ccccceevvvieveennneen. 3-31
Average Domestic One-Way Airfares by Market in 2011.........ccoceeiiiieeiiiiee e, 3-32
Historical Enplaned Passengers by Month .........cccceiiiiiiiiiiiic e 3-34

Draft Master Plan Technical Report
April 28, 2015

vi



MASTER PLAN 2035
GEORGE BUSH INTERCONTINENTAL AIRPORT/HOUSTON

TABLES (continued)

3-16  Scheduled Departing Seats by Month ..........ccceeiiiiiiiiiee e 3-35
3-17  Historical Passenger Airline Aircraft Landings by Month ..........ccccoovviiiiiiiiiie e, 3-36
3-18  All-Cargo Airlines Serving Intercontinental as of July 2012.......cc.cccevevveeiiiieeeecieeeens 3-38
R s B o 113 o g ToF | I T -1 = TSP 3-40
3-20  Historical Air Cargo by MONtN .......uviiiiiicee e 3-43
3-21  Historical All-Cargo Airline Landings by Month ..........cccceiiiiiiiii e, 3-44
3-22  Historical Aircraft Operations ........ccceeiiccciiiiiee e e e e e 3-46
3-23  Historical Aircraft Operations by Month .........cccoiiiiiiiiic e 3-47
3-24  Enplaned Passenger Forecasts by Sector and Market - Baseline..........ccceccvveeeennnennn. 3-59
3-25  Enplaned Passenger Forecasts by Airline Type — Baseline ........ccccceeevveeeicieeeecciveeeenns 3-60
3-26  Air Cargo Forecasts by Sector and Market — Baseling......cccccoeeccvviieeeiieiiiciieenee e, 3-69
3-27  Air Cargo Forecasts by Airline Type — Baselin@......cccccoovcciiiiiiiiiiecciieeee e, 3-70
3-28  Assumptions for Aircraft Operations Forecasts — Baseline .........ccccceeeeeivcciiieeeeeeeenns 3-73
3-29  Aircraft Operations Forecasts —Baseling ........cccoveiiiciieeiiiiiee i 3-76
3-30  FAA TAF FOrecast CompPariSON....cceeiiieieieieieieieiesses s babebavane 3-79
3-31  Summary of IAH MPU Forecasts Using FAA Template ......ccccceeeeiveeeiciieeeccieee e 3-80
3-32  Historical and Forecast Peak Period Demand — Baseline ......ccoccueeevviveeniiieeeininennnnns 3-82
3-33  ADPM Percent Distributions of Passenger Airline Aircraft

OPErations — BaSElINE ....c.coccuiiiiiie ettt e e e e e et rre e e e e e et a e e e e e e an 3-87
4-1 Forecasts and Planning ActiVity LEVEIS ......cccuveiieciiiiiiieeecctee et 4-1
4-2 Average-Day-Peak-Month (ADPM) Activity LeVelS.......cccoccveeeiciiiiiccieee e 4-2
4-3 Summary of Facility REQUIremMENTS........cccviiiiiiiie et et e 4-4
4-4 DI T oI N[ ol - | USSRt 4-9
4-5 Assumed Airfield Arrival Capaciti®S......iiiiic e 4-18
4-6 Assumed Airfield Arrival Capacities and Estimated Average Aircraft

F N SNz | I D 1T - 1YL PSP 4-25
4-7 SUMMAry Of EXIStING GAtES ..eviiiuiiieieiiie it ettt e e e e e e bee e e e abee e e anes 4-31
4-8 (CF L (= I 2(=To LU T1 €= 0 01T oL £SO 4-33
4-9 Allocation of Activity by Terminal.........ooooiiiii e e 4-34
4-10  Terminal A Facility REQUIrEMENtS........uuiiiieieecciiieee ettt e e rrre e e e 4-39
4-11  Terminal B Facility REQUIrEMENTS......ccceiiiiiiciiie ettt 4-40
4-12  Terminal C/E Facility REQUIrEMENTS ......cccvieiieieiieeciee ettt et eteeeetee e eveeevee e 4-41
4-13  Terminal D Facility REQUINEMENTS......cccciiiiieeiiie ettt e e 4-42
4-14  Facility Requirements—FIS/International Arrivals United International +

FOreign Flag Carriers ..o ieeeee e eeecteeee ettt e e e e ettre e e e e e e e abtaae e e e e e e nsssaeeeeseennnns 4-43
4-15  Mode Of ACCESS 0 AINPOIt .. .uuiiiiieeeeieicitiieee e e e et e e e e e eserrree e e e e e eearrre e e e e e eeennrraeeeaeeas 4-46
4-16  Mode Of EGress from AIrPOrt .......cccuveeiiciiieiiiiie ettt e s e s sare e e ssasaee s 4-47
4-17  Intersection LOS: John F. Kennedy Blvd at Greens Rd.........ccccceeeeeciieeeeiiieeeccieee e 4-58
4-18 Intersection LOS: Lee Rd at Will Clayton PKWY ........ueeieiiiiiieiiee e, 4-59
4-19  Vehicle Dwell Times by Vehicle Type at Arrivals Curbsides.........c.cccvuvvereeieniiiiinnnnnn. 4-60
4-20  Vehicle Dwell Times by Vehicle Type at Departures Curbsides.........cccccceeeeeicvrrneennn. 4-61
4-21  Public Parking REQUIFEMENTS.....ciiiiiicciiiieiee ettt et e e e e e e trre e e e e e e e anbraaeeea s 4-69
4-22  Employee Parking REQUIFEMENTS ......cceviiiiiiiiiiieiciiee et e csiree e evee e sire e e e svae e e sveeas 4-70
4-23 Rental Car REQUIrEMENTS .......uvii it cceee ettt et e e e e tae e e eeata e e e sateeessbaeeeeans 4-72
N & o] lo I oy a2 U=T o [0 T =Y o 1 =T o £ 4-72

Draft Master Plan Technical Report
April 28, 2015

vii



MASTER PLAN 2035
GEORGE BUSH INTERCONTINENTAL AIRPORT/HOUSTON

TABLES (continued)
4-25  TOtal FBO LEASE AIBAS «uuvvieieiiiieiiiiteeeiiieeeseitteessteeeesssraeessssseeesssseeessssseessnssseesssssenes 4-76
4-26  Allocated Forecast GA Aircraft Operational Demand........ccccccveveevieeiiiieee e, 4-78
4-27  EXisting Based AIrCrafl.......ccocciiiiieiiee ettt e 4-79
4-28  FBO Itinerant Apron DEMaANG .......ccuiiiiiciiiiiiiiiie ettt e s e e e sar e e e e naaaee s 4-80
4-29  FBO Itinerant Apron Average Day Demand/Capacity........cccceeeeveeecueeeceeecceeeceeeereens 4-80
4-30 FBO and CBO Hangar Demand/Capacity .......ccceeeveeevreeeereeeereeeereeecteeeeteeeeveeeereseeseeenns 4-81
4-31 EQst Cargo Area TeNANTS . .cuuuuuiiie ettt e et e e s e e e e e e e ase e e e e e eeeaeeaaas 4-83
4-32  East Cargo BUilding SIteS.....ccicuiiiiiiiiie ittt e et e e eraee s 4-83
4-33  East Cargo Building Areas and Utilization..........ccecuieeeeciiie e, 4-84
4-34  Total Freight and Cargo Demand AlloCation .........ccceeeeciiieeeeciiee e 4-86
4-35  Total East Cargo Building and Site Requirements .........ccccvvveeeeiiiiciiieeee e, 4-86
4-36  Central Cargo Building and Site ReqUIrements .......cccceeecvviieeeeeecciiiieeee e eeecrieeee e 4-87
4-37  All Cargo Aircraft Parking ReEqQUIremMents ..........cccuvveeeeei i 4-88
4-38  Other All Cargo Aircraft Apron Area Requirements .......cceeeeecveeeeicieeeccieeeesiee e 4-89
4-39  FedEx Weekly Flight ACHIVITY .....ceeieiiiiiecieee e 4-91
4-40  FedEX APron REQUINEMENTS ......uiiiiciiieeeeiieeeetee e et e e ere e e e stae e e s sabre e e s areeeesaabaeeennraees 4-92
4-41 UPS Arpon REQUITEMENTS ...uvviviiiiiiiiiiiieieieieieieeeereeeeeeereeeeeeeeeeeeeeeeeseseeeeereeeeeeeseeeeeseaeseees 4-93
4-42  ARFF Vehicle and Agent Requirements — INAeX E........ccoocvviieeeieiiiciiiieee e eeccieeee e, 4-94
4-43  ARFF Vehicle Discharge Requirements — INAeX E ......ccooevvriieeeeiiiiciiiieeee e, 4-94
4-44 IAH ARFF EQUIPMENT....eiiiiiiiiiiiiiiiiiiiiiiirteeeeeeeerere e eeeeeeeeeeeeeeseeeeeseseseeeseseseseeasaeaeseaeaens 4-95
4-45  Airport Maintenance Complex Replacement Requirements .........cccceeeecvveeeeevveeeennee, 4-96
4-46  Historic FUl CONSUMPLION .iocuiiiiiiiiiee ettt e s sar e e e e araee s 4-97
4-47  Average Day Fuel Storage Capacity Requirements ........ccccvveeeeeiiiciiieeeeeeecciieeeeee e, 4-98
4-48 Fuel Storage REQUIFEMENTS ....ceiiii ettt e e e e e eetrre e e e e e e e eanrae e e e e e e eeanns 4-98
4-49  Chelsea Flight KitChen..........euiiiieieeeeeee e e e 4-102
4-50  Estimated Flight Kitchen Demand/Capacity ANalysis ........ccccevvvevienieniecieeiee e 4-103
4-51  Estimated Flight Kitchen Requirements .........cccceeeciiieieiiiec e 4-103
5-1 Runway Alternatives Evaluation MatriX .........ccccvveeeiiiiiiiiiiieee e 5-16
5-2 Runway Alternative Cost EStiMates......cccceiiveciiiiiiiee ettt 5-17
5-3 TAAM EXPerimental DESIZN ...ccccooeeuiiiieee ettt e e e e e e e s eeaara e e e e e e e eanes 5-31
5-4 Assumed Operating CoNditioNS .......cccuuiiiiiiiee i e e 5-31
5-5 Summary of Operating ASSUMPLIONS......cccuiiiiiiiie it raree e e 5-38
5-6 Estimated Average Unimpeded Aircraft Taxiing TiIMes .......cccceeeveiveeeicieeecciiee s, 5-43
5-7 Estimated Average Aircraft Delay.......cceiiicciiee et e 5-44
5-8 Aircraft Gate REQUITEMENTS....cccii ittt e e e e e e e e e s eearraeeeeeeeeanes 5-53
5-9 Terminal Alternatives Evaluation MatriX......cccceevueeeiivieeiiiiiee e ssieee e 5-83
5-10  Alternative Cost EStIMates .....cciiiciiiiiiiiiee ettt e e e saae e e 5-84
6-1 Summary of Planning Activity LEVEIS.......c.eeiiiiiiiieiee et 6-1
6-2 Taxiway Design STandards ........ooccciiiieiiii e 6-7
6-3 Projects Recommended for PAL25 ...t eeevreee e e e ntann e e e e e 6-25
7-1 Projects Recommended in the Master Plan ........cccccevvciieiiviieee e 7-3
7-2 Aircraft Types and Associated Modeled INM Aircraft TYpes.....ccccceeeveeeecviveeescneeeenns 7-15
7-3 Aircraft Operations by Flow Pattern in 2012.........cccccvveeiiiiiieeeiieee e 7-15

Draft Master Plan Technical Report
April 28, 2015

viii



MASTER PLAN 2035
GEORGE BUSH INTERCONTINENTAL AIRPORT/HOUSTON

FIGURES

1-1
1-2

2-1
2-2
2-3
2-4
2-5
2-6
2-7
2-8
2-9
2-10
2-11
2-12
2-13
2-14
2-15
2-16
2-17
2-18
2-19
2-20
2-21
2-22
2-23
2-24
2-25
2-26
2-27
2-28
2-29
2-30
2-31
2-32
2-33
2-34
2-35
2-36
2-37
2-38
2-39
2-40
2-41
2-42
2-43

AIPOrt VICINITY VAP e 1-2
ATTPOIE STt it 1-3
Airfield Facilities — North Airfield..........oooo e 2-2
Airfield Facilities — South Airfield..........oooiiiie e 2-3
Airfield Facilities — West Airfield.........eeeeee i 2-4
RUNway Use ConfigUrations........ccuiiiiiiieii et estee et eeevre e sate e e s sraaeeeans 2-14
Houston Terminal Area AirSPace ......ccccueieeccuieeeeiiiieeeeiieeeescteeeesireeeesseeeessaseeesssaseeeens 2-17
Controlled Airspace ClassifiCations.........ccceeeeciieeiciiiee e e e 2-18
Passenger Terminal COMPIEX ...ccciiccciiiiiiei ettt e e e e e e e e e errar e e e e e e e eaans 2-21
Terminal A Central BUildiNg .......ooceiiiiieei e e 2-24
Terminal A NOITh CONCOUISE ......coccuiiiieeeeeeeccitreeee e e e eeerre e e e e e eeeetrreeeeseeesetssreseeeeeesnns 2-26
Terminal A SOULh CONCOUISE ......ueiiiiiiiec ettt et e e te e e e e neee e e sbee e e eeees 2-27
Terminal B—LeVel L......oo ettt ettt e et e e e s aae e e e 2-30
Terminal B—LeVEl 2. ... et e e s e e ar e e e e e annes 2-31
Terminal B—LeVEl 3. ... et e e et e e e e e e e et ae e e e e e e e eannes 2-32
Terminal C—LeVel L.. ... et e e e e e re e e e e e e e e eataae e e e e e eeennnes 2-35
TerminNal C—LEVEI 2. ...ttt e e e e tbr e e e e e e e e e bareeae e e eeennnns 2-36
Terminal C—LeVEI 3. .. e et e e rte e e e s aae e e e 2-37
Terminal C North Concourse — LEVEI 1 ......c.ueiiieiiieeiiiiie ettt eevree e 2-39
Terminal C North Concourse —Level 2 ........eeeiiieeeii i 2-40
Terminal C South Concourse —Level 1 .........uviiiiiiii et 2-41
Terminal C South Concourse —Level 2 .........uviiiieiie et 2-42
D —LEVEIS LL, 1 & 2 ooeeeeieeieeeee ettt ettt e e e e e ttbee e e e e e s e abraaee e e e e s atareeeeeeeennnns 2-47
Terminal D —LeVEIS 3 & 4 ....ovieeee ettt et e 2-48
TermiNal E—LEVEI ...ttt et e e te e e et e e ate e e e e ate e e e 2-51
Terminal E—LEVEI 2.ttt e e e e e e et e e e e e s e ae e e e e e eenannes 2-52
Terminal E—LEVEI 3. ... ettt e e e e s et re e e e e e e e e entaae e e e e e eeennnes 2-53
Fis & International Arrivals — LeVel LLL........cooccuiiiieeee it ervee e 2-56
Fis & International Arrivals —Levels 1 & 2....cccccvvveeeeiiicciiiieeee e eereeee e 2-57
Inter-Terminal Train — LeVEl LLL ......ccocuiiiiiiiiie ettt et 2-64
Inter-Terminal Train — LEVEI LL2 ......ccocuiiiiiieee ettt et 2-65
Primary Regional ROGAWAYS ....ccceivecuiiiiieei ettt e e eecvveee e e e st e e e e e e e 2-67
Passenger Terminal Complex — Automatic Traffic Recorder Survey Locations.......... 2-70
Curbside Roadways: Terminals A & B........coeeeiieiiiiiiieee e e e 2-71
Curbside Roadways: Terminal C .......cooocuiiiiiiiiie et sree e e e 2-72
Curbside Roadways: Terminals D & E.......ueveeiiieiiiiiiie ettt 2-73
Terminal A — Existing Curbside Layout ......ccceeeeeciieeiiiiiee ettt eevree e 2-76
Terminal B — Existing Curbside LayouUt.......cccuuvieieeiieiiiieeee e e 2-79
Terminal C— Existing Curbside LayouUt.......cccuuiieiii ettt e e e 2-80
Terminal D — Existing Curbside Layout ........c..uviieiieie it 2-81
Terminal E — Existing Curbside LayouUt.......cccceeveiieeiiiiiee et sseee e 2-83
Primary Access Roadways and On/Off-Airport Parking.........cccceeeveeviveeecieeeceeceneeenen. 2-84
Passenger Terminal Complex Data Collection.........ccoccueeeeiciieiecciiee e 2-85
Monthly Parking Revenues FY 2012 ......ccoiiiiiiiiiiiieeee e ee e sevtene e e e e s snvnnneee e e 2-88
Monthly Parking Transactions FY 2012 ........cccciiiiieee e eetnnee e e 2-89

Draft Master Plan Technical Report
April 28, 2015



MASTER PLAN 2035
GEORGE BUSH INTERCONTINENTAL AIRPORT/HOUSTON

FIGURES (continued)

2-44
2-45
2-46
2-47
2-48
2-49
2-50
2-51
2-52
2-53
2-54
2-55
2-56
2-57
2-58
2-59

3-1
3-2
3-3
3-4
3-5
3-6
3-7
3-8
3-9
3-10
3-11
3-12
3-13
3-14
3-15
3-16
3-17
3-18
3-19
3-20
3-21
3-22
3-23
3-24
3-25
3-26
3-27
3-28
3-29

Parking Garage A/B — LeVels 1 & 2......ocouiierieeieeeeeeeeee ettt 2-92
Parking Garage C WEST ....cicccuieieiciiie e cciieee ettt e st e e e svte e e e stae e s snte e e e sbteeessntaeeesans 2-93
Parking Garage C/D & E—LeVel 1.......coouiiiiiiciee ettt et 2-94
Parking Garage C/D & E—LeVelS 2 & 4 .....ocveieueieciee ettt et 2-95
Planned Roadway IMpProvemMeENtS.........cueeiiiiiiiciiiieeee et ee e ssevreee e e e e esneaae e e e e e 2-101
F AN T O T =0 T o= Yol | 1 TSR PUUPNE 2-103
General Aviation FacCilities ... 2-108
Airport and Airline SUPPOrt FACIlIties ......cccoveeiieciiei i 2-110
Impaired Streams and Water Quality Monitoring Sites .......ccccceeevvveeeicieeeccciieeeecieeen, 2-114
Stream Network and USGS Gauge SiteS ......cccccveeieiieieeeiiee et 2-116
o oToTo o] =11 o[- PSRRI 2-119
LV =Yg o USSP 2-120
(1273 Vo B U E PRSPPI 2-123
Compatible and Incompatible Land USE......ccccueeiriiieeiciiiee et 2-124
City of Houston Land Use CONtrols........cccueieeciieeiiiiiie e cciieeeerire e et 2-127
CloSEd Landfill SIEES ..eevviiiiiiiiiieriee ettt st e s saa e e naae s 2-131
Historical and Forecast Enplaned Passengers ......ccccceevecciieeeeeeeeccciiieeee e 3-2
Historical and FOrecast Air Carg0 .....ccoveeeeeeeeeciiiieee e eectite e e e e eeevre e e e e e e e snraae e e e e e e 3-3
Historical and Forecast Total Aircraft Operations .......cccccceecveeeiiiieeeciiee e 3-4
AIrPOrt SEIrVICE REGION .cciiiiiiiiiiiiiiiiiic e 3-6
Historical Passengers in the Houston ReGION ..........coevcvieiiiiiiiiciiee e 3-8
Passengers Connecting Through Intercontinental by Region in 2011.............c........... 3-9
U.S. Gateways tO Latin AMEriCa. ... 3-10
Comparative Distribution of Nonagricultural Employment ........cccccoecciiiiieeeeiinnneee, 3-13
Monthly Unemployment RAtes .......ccoccuiiiiiiiiieiiiiiee et csiree st e e e estee e ssneaee e 3-15
International Passengers by World REZION .......ccccuviiiiiiiiiiiiieee e 3-24
Domestic Originating Passengers in the Houston MSA...........cccccoieeiiiieeecciiee e, 3-25
Domestic Originating Passengers and Airfares........ccccccveeeecieeeccceeeeccieeeeccveee e 3-25
ATFTINE ATHANCES ..vveiiiiieee ettt e e s sbee e e s sabe e e s ssate e e e sbeeesenres 3-29
Enplaned Passenger Load FaCtOr........cueeieiiieciiiiiee ettt et e e e e entaae e e e e 3-37
Historical Air Cargo TrendS ....ueeiccueeeeiiiieeeccieee et e e e bae e e estae e e sareeessreeeeeans 3-39
International Air Freight by World REZION ......cooociviiiiiiiiecee e 3-41
Airline Shares of Air Cargo in 2011 .......cccoiiiiiiiiiiiiie et errre e eevte e e e erre e e e saeee e e 3-42
Unconstrained FOrecast APProach ........eeeeeeiiicciiiieeee e e et e e esecvrree e e e e e scnrann e e e e e 3-49
Historical Trend Analysis — Domestic Enplaned Passengers........cccccvveeeeeeeeccvvveennnnn. 3-50
Historical Trend Analysis — International Passengers.......cccoccceeeeecciiieeeeeeeecciieeeeeeenn, 3-51
Historical and Predicted Domestic Originating Passengers.......cccccceeevcveeeiicvveeesnnnnnnn. 3-52
Historical and Predicted IAH Passengers to MeXiCO........cceecuvveeeeureeeeiireeeccvreeeeveenn 3-53
Historical and Predicted IAH Passengers to Latin America/Caribbean ...................... 3-54
Historical and Predicted IAH Passengers to EUrOpe ......cccvvvveeeeeeecciiiieeee e, 3-54
Historical and Predicted IAH Passengers to Canada........cccccceeeeeecciiiieeeecceeciieeeeeen, 3-55
Historical and Predicted IAH Passengers to Africa/Middle East.......ccccccveeevereernrnnen. 3-56
Historical and Predicted IAH Passengers t0 ASia .....ccccccveeeeciieeeiiiiveeeeiireeesveeeeseneeens 3-56
Historical and Forecast Enplaned PasSsENgErs ......ccveeecvveeeiiiieeeeiireeeccieeeesveeeesvvee e 3-61
Historical Trend Analysis — Domestic Air Freight.........ccoveveciii e 3-62

Draft Master Plan Technical Report
April 28, 2015



MASTER PLAN 2035
GEORGE BUSH INTERCONTINENTAL AIRPORT/HOUSTON

FIGURES (continued)

3-30
3-31
3-32
3-33
3-34
3-35
3-36
3-37
3-38
3-39
3-40
3-41

3-42

4-10
4-11

4-12

4-13
4-14
4-15
4-16
4-17
4-18
4-19
4-20
4-21
4-22
4-23
4-24
4-25
4-26
4-27
4-28

Historical Trend Analysis — International Air Freight.......cccooceeeiiiiiiiec e, 3-63
Historical and Predicted Domestic Air Freight........ccoecvieiiecieiicceccee e 3-64
Historical and Predicted IAH Freight to EUrOpe.......covvciiieiciiiee e 3-65
Historical and Predicted IAH Freight to Asia/Africa/Middle East.........cccccecvveeneeenen. 3-66
Historical and Predicted IAH Freight to Latin America/Caribbean.........c.cccoeeeeunenn... 3-66
IAH Freight 10 IMEXICO ...ttt e e eeettte e e e e e earre e e e e e e e ararae e e e e eeennns 3-67
IAH Freight 10 Canada.......ccuvieiii ettt e e e etrree e e e e e e arara e e e e e e e nnes 3-68
Historical and FOrecast Air Carg0 ......occuvieiiciieeeiiiieeeccieeeesiieeessiveeesseee e e sssreeessereeeeas 3-71
Historical and Forecast Aircraft Operations ........ccccceeecieeeiiciieeeeiieee e 3-77
Distribution of Passenger Airline Scheduled Operations by Hour in July 2012......... 3-83
Arrivals and Departures by Hour in July 2012 ......ooooiiiiiiieee e e 3-84
Baseline Forecast Distribution of Passenger Airline Scheduled Operations

o3V o Lo 11 USSRt 3-85
Baseline Forecast Distribution of Passenger Airline Arrivals and Departures

o1V o oYU USRSt 3-86
Temporal Distribution, Passenger Aircraft Operations .........cccccoceeeeevieeeccieeeeecineeeens 4-3
AIrcraft Useful LOad ......coiiiiieiiiiee ettt 4-12
Takeoff Runway Length Requirements ...........ceeveviieiiiiiiie et 4-13
Landing Runway Length REQUIrEMENTS .....cccuveeieiiiieiiiriee et e e vne e 4-14
Commercial Fleet Mix by Wake Turbulence Category .......cccccvveeevccieeecccivee e 4-15
Existing and Future Arrival Peaking Patterns at IAH In 2012 and PAL40.................... 4-19
Cumulative Arrival Curve Analysis for PAL40 In West Flow, VMC .......cccoceeeeciereennneen. 4-21
Cumulative Arrival Curve Analysis for PAL40 In West Flow, IMC.......cocevviiieeeeeencnnnns 4-22
Cumulative Arrival Curve Analysis for PAL40 In East Flow, VMC...ooooovvciiiieeeeeeecinns 4-23
Cumulative Arrival Curve Analysis for PAL40 In East Flow, IMC ....ccccevvvieveiciieeenee, 4-24
Average Aircraft Arrival Delay Curves Showing Average Arrival Delays for

Each Runway Use/Weather Condition and Average Annual Delay...........cccceeeueeenee.. 4-26
Aircraft Arrival Delay Curves Showing Range of Acceptable, Marginal, and

Unacceptable Average Annual Arrival Delays .......cceeeeieeciiiiieee e e eeereeee e 4-27
Roadway TraffiC VOIUMES .....uvieiiiieiieieee ettt ctrre e e e e e e anrre e e e e e e eeanns 4-45
Roadway Level of Service Standards .........ccccveeiecieeiiiiieeeciiee e 4-49
Key ROQdWay CONSEIAINTS ...ccvvvieeciiieeiciiee e ciieeeeeitee e csiee e e stte e e e e tae e e searaeeesnteeessnseeeeeans 4-50
Peak Hour Roadway Level of Service —Baseling .........ccceeevciieeiiiiieecciieeeceee e, 4-51
Peak Hour Roadway Level of Service — PAL25.........coovciiiiecciiee et 4-52
Peak Hour Roadway Level of Service — PAL33 ...ttt 4-53
Peak Hour Roadway Level of Service — PALAD........coeeeeeecciiieeee et eeereeee e 4-54
Departures Curbside Travel TIMES ....cccuiieeiciiee it eerree e e e seree e s sereeeens 4-56
Arrivals Curbside Travel TIMES ...civiiiiiiieiiie ettt sre e st e e e s sareesbeesbeeens 4-57
Curbside Level of Service Standards.........ccoccveercieeiiiiinieinieeniee et 4-62
Curbside Level of Service — BaseliNe.......ccvecieeiieriiiienieeseeces e 4-64
Curbside Level of SErvice — PAL25 ...ttt st e s e 4-65
Curbside Level of Service —PAL33 .. ..ottt s 4-66
Curbside Level of SErvice — PALAD ......ccocviieeeciiie ettt eciee e eetee s iee e e saee e e vae e e saveeas 4-67
TOtal CBO LEASE AFAS .eeuveieiiierieerieeeiteesiteesteessteeestaeesaseesseesssseessseesssesssseesssseesseesns 4-77
o L O ] = (o I A =T TR PP P PP PP PPPPPPPPPPP 4-82

Draft Master Plan Technical Report
April 28, 2015

xi



MASTER PLAN 2035
GEORGE BUSH INTERCONTINENTAL AIRPORT/HOUSTON

FIGURES (continued)

4-29
4-30

5-1
5-2
5-3
5-4
5-5
5-6
5-7
5-8
5-9
5-10
5-11
5-12
5-13
5-14
5-15
5-16
5-17
5-18
5-19
5-20
5-21
5-22
5-23
5-24
5-25
5-26
5-27
5-28
5-29
5-30
5-31
5-32
5-33
5-34
5-35
5-36
5-37
5-38
5-39
5-40
5-41
5-42
5-43
5-44

(0T Y0 | WO T g {0 3 AN Y- TSRS 4-85
United Airlines North Campus Facilities .......ccceeeeiiiiiiiieiicieeeeeee e 4-100
Flowchart of Runway Alternatives SCreening ProCess.......c.ccvveeevcveeeeiciveeesivveeescveeens 5-5
EXiStING AIrfield LAYOUL ...cciiceieee ettt ettt e e tae e e eare e e e ebe e e e eenraaeeeaes 5-5
Airfield Longlist ALEIrNativesS.......couviiiieee e e e e 5-6
[N\ Fo T o 1 A PP PPRPPPRN 5-9
1\ To T 1 o 101 1= TSP UPUPRRRRRROt 5-10
Yo 101 o Tt PSPPSR TUPTPTO 5-12
SOULIN 2ttt sttt et et at e e s be e sbeesaeeesares 5-14
Yo 1V 1 1. O PRSPPI 5-15
Hourly Capacity Estimates—East FIOW .......ccooccuiiiiiie it 5-19
Hourly Capacity Estimates—West FIOW ........ccccvviiieiiiicceeee e 5-20
Hourly Capacity Estimates—Weighted........ccevivciieiiiiiiicee e 5-21
North 1A Environmental CoNditions........cocviiriiinieriiieenieeriee et 5-24
North 1B Environmental ConditioNS......ccevcueiiviierieeiieeniieeite et svee s 5-25
South 1 Environmental ConditioNS ........occuieiiiiiieiiriiee et 5-26
South 2 Environmental Conditions ........occveiiiiiieiiniiee e 5-27
South 3 Environmental Conditions ........occveeiiiiieeiiciie e 5-28
Assumed Terminal LAYOUL .......cccviiiiiiiie et et e e e e s eabe e e e 5-32
Preferred Airfield Alternative Taxiing Flows (West FIOW) ........ccocoveeeviiieeiicieeecinen, 5-34
Preferred Airfield Alternative Taxiing Flows (East FIOW) .........ccovcvieeiiiieeiiciieeeciee, 5-35
Taxiway NR EXEENSION c.cciiiiiiiieeeeeeeee e 5-36
FAA Criteria on Arrival/Departure Course Divergence on Parallel Runways ............. 5-39
Use Of Intersection Departures to Mitigate Impact of Adverse Stagger ................... 5-40
Modeled Arrival Runway Use Percentages (PAL33) ....ccceeveciieeiiiiiee e ecieee e 5-41
Modeled Departure Runway Use Percentages (PAL33) ......ccoeeevciieeiicieeecciiee e, 5-42
Average Annual Aircraft Delay.......cooccveeiiieie e 5-45
Average Annual Aircraft Delay By Operating Condition.........ccccceeeeeiieeiicieeeccciieeeens 5-45
John F. Kennedy/Will Clayton Parkway Interchange.......cccccoeveeeeveeeceeecveeecreeeereeeenne 5-50
Flowchart Of Terminal Alternatives Screening Process.......ccccceeeeccvvieeeeeeeeecivveeeeeenn. 5-52
Baseline Gate Capacity — Narrowbody Equivalent Gates (NBEQ) ........cccceeeevverernneen. 5-54
Pier CoNCEPL FAMIIY coiiiieie ettt et e e erre e e e e e e e e ssntaeeeeaes 5-55
Linear ConCePt FAMIlY ....eiiiieiiee ettt e e e e e eaa e e e 5-56
Satellite CONCEPt FAMILY .ovvvviiieiieeece e e e e e e 5-58
North Terminal Road Bypass ROAAWAY.......cccccuuiiiiiieeiecciiieeee ettt etnree e e 5-60
Potential Terminal Development SiteS. ... ciiieiee e 5-62
ALEINATIVE A ..ottt e e et e e e e e ee s etbb e e e e e e eeestbbbaeeeeeeeesntsaaeeeesesannsens 5-63
AREINATIVE B ..ottt st e e s e s e saae e be e sbeeenaae e e 5-64
AEINATIVE C oottt sttt e st e e s ste e s sateesabe e s baeesbaeessbeessbeeensseenes 5-66
Alternative A LOCation Plan .....o..ueiiiiiiiiiieee ettt 5-68
Alternative A Terminal Complex Site Plan .........coeeoiiicciiiiii e 5-69
Alternative A Baggage Claim LEVEl .......coooiiiieii ettt 5-70
Alternative A Lower Mezzaning LEVE| .......c..uuvvveieieeeciiieeeee et eeeerree e e e e 5-71
Alternative A CONCOUISE LEVEL.....ciiiuiiiiiiiiiee ettt sttt st ste e st sbe e sbaeen 5-72
Alternative A Upper Mezzaning LeVE! .......cueeivciiiee ittt esvee e 5-73
ALEIrNAtIVE A SECTIONS. . ittt et e s s e e s s abe e e e sabes 5-74

Draft Master Plan Technical Report
April 28, 2015

Xii



MASTER PLAN 2035
GEORGE BUSH INTERCONTINENTAL AIRPORT/HOUSTON

FIGURES (continued)

5-45
5-46
5-47
5-48
5-49
5-50
5-51
5-52
5-53

6-1
6-2
6-3
6-4
6-5
6-6
6-7
6-8
6-9
6-10

7-1A

7-1B
7-2
7-3
7-4
7-5

Alternative B LOCAtion PIan .....ouvei ittt 5-76
Alternative B Terminal Complex Site Plan .......occueeiiiieiiiiiiie et 5-77
Alternative B Baggage Claim LEVEl .......coooiieiiiiieee ettt et 5-78
Alternative B Lower Mezzaning LeVel .......ccoovcieiiiiiiniiinieccee et 5-79
Alternative B CONCOUISE LEVEL......ciiiiiiiiiiiee ettt 5-80
Alternative B Upper Mezzaning LeVE ...........uuvveiiiii ettt eeevrree e e e 5-81
ARLErNAtiVE B SECHIONS...ciiiiiiiie et 5-82
Alternative A Environmental CoNditions ..........eeeeeeeiiiiiiiiiee e e e 5-86
Alternative B Environmental Conditions .......occeeviiiiniiinieeiieesiee e siee e 5-87
Recommended Development Plan — PAL25 ...t ee e 6-3
Recommended Development Plan Terminal Complex — PAL25........cccccceeeeeeennrvennnn. 6-4
Recommended Development Plan —PAL33.........oeiiiiiiiiiiieee et 6-11
Recommended Development Plan Terminal Complex — PAL33A .......cccceeevvieeeennen. 6-12
Recommended Development Plan Terminal Complex — PAL33B.......cccccceeecvveeeennnenn. 6-13
Recommended Development Plan —PAL 40 .......ccceeeeciiieiciiee e eccieee e 6-17
Recommended Development Plan Terminal Complex — PAL40.........ccccceeeveenrrinnnnnn. 6-18
Concepts Beyond Planning HOMZON...........oeeiiiiiecciiiieeee ettt 6-21
JAN T oo o - o To I U L < PURRNE 6-23
[ T = DI = - o [P SRPPRPURPRN 6-24
Delineated and Potential Wetlands North Airport Area ........cccceccvveeeecveeeeeciieeescnnenn, 7-7
Delineated and Potential Wetlands South Airport Area ......ccccceeeeecvviveeeeieecciineeeenn, 7-8
Typical Flight Tracks at 25 Miles from IAH 2012..........cccceieeeiieciiieeeee e 7-11
2012 NOISE CONTOULIS .eeiiiiiieiiiitetee ettt e e e e ettt e e e e s et e e e e e e s e abreeeeeesessnnreeeeaaeens 7-12
PAL33 NOISE CONTOUIS .eiiiiiiiiiiiiee i eecectiiieie e e e eeeeetree e e s e e e s e e ebaaees s e s e e e eaaebaaaaeeeseaessnssnns 7-13
PALAO NOISE CONTOULS ...eeeeiiiiieeeee ittt ettt ettt e e e s e e e e e s e s nnrreeeeessennnne 7-14

Draft Master Plan Technical Report
April 28, 2015

Xiii





