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UC Davis Aviation Noise & Emissions Symposium: February 25, 2017 — Long Beach, CA




FLIGHTPLAN (o) CASPER
Shared Insight
Introduction/Ice Breaker Steve & Greg 12:00
Evolution of Aviation Noise Steve 12:15
Break e 13:00
Science of Aviation Noise Gregory 13:15
Quantifying Aviation Noise Steve 13:45
Break e 14:15
Regulating Aviation Noise Steve 14:30
Mitigating Aviation Noise Steve 15:00
Break e 15:30
Aircraft Performance and Noise Greg 15:45
Performance Based Navigation Greg 16:15
Flight Procedure Design Greg 16:35



THE SCIENCE OF AVIATION NOISE ~ “* “22E%,
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“WHAT IS SOUND?

A mechanical wave that results from the back and forth vibration of the particles of the medium

through which the sound wave is moving
" S~ I ViSO s



HOW DOES SOUND TRAVEL? (¢) CASPER
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Sound is transmitted through the air by the vibration of air molecules
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HOW IS SOUND ENERGY MEASURED? (o) CASPER

Shared Insight
dB Sound Energy Perceived Loudness
Rock Concert 120 1,000,000 64x
Ambulance 110 100,000 32x
Fire Alarm 100 10,000 16x
Subway Train 90 1,000 8x
Urban Street 80 100 4x
Department Store 70 10 2X
Typical Conversation 60 1 1
Suburban Area 50 A 1/2x
Rural Area 40 .01 1/4x
Whisper 30 .001 1/8x
Wilderness 20 .0001 1/16x
Breathing 10 .00001 1/32x

Threshold of Hearing 0 .000001 1/64x




WEATHER'S EFFECT ON SOUND TRASMISSION (*) CASPER

Shared Insight

Calm and Cloudy

Calm and Sunny
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WHAT IS NOISE? (o) CASPER

Shared Insight

Noise —a sound, especially one that is loud or unpleasant
or that causes disturbance. (unwanted sound)
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AIRPORT NOISE SOURCES (o) CASPER
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Aircraft Departures Running APU







WHO REGULATES AIRPLANE NOISE IN THE UNITED STATES?

Federal Aviation Regulations Part 36 — Noise Standards: Aircraft Type and Airworthiness Certification
Subpart B — Transport Category Large Airplanes and Jet Airplanes

FAR 36.101 — Noise Measurement and Evaluation

FAR 36.103 — Noise Limits (e) CASPER

Shared Insight
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HOW IS AIRCRAFT NOISE MEASURED? (o) CASPER

Shared Insight

Aircraft Noise Certification Points:
Approach, Sideline, Takeoff

Aircraft Noise is measured in A weighted decibels (dBA)




HOW LOUD CAN A COMMERCIALJET BE?  (*) CASPER

Shared Insight

. FAR 36.103 — Noise Limits: A sliding scale based on aircraft weight (Stage 1V)

Boeing 747-81, Max Takeoff Weight = 987,000 Ib.

. Certification Level Sideline Approach Takeoff
[\ BOEING B Noise Level (EPNdB)  94.0 100.9 94.5
Noise Limit (EPNdB)  103.0 105.0 106.0
Margin Below Stage IV 9.0 4.1 11.5

Boeing 787-8, Max Takeoff Weight = 502,500 Ib.

Certification Level Sideline Approach Takeoff
ey Noise Level (EPNdB)  91.6 94.2 86.6

Noise Limit (EPNdB) 100.9 104.3 98.0

Margin Below Stage IV 9.3 10.1 11.4

Boeing 737-8 MAX, Max Takeoff Weight = 181,200 Ib.

Certification Level Sideline Approach Takeoff
Noise Level (EPNdB) 88.5 94.2 82.6
Noise Limit (EPNdB) 97.2 100.9 92.1
Margin Below Stage IV 8.7 6.7 9.5
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WHAT DOES A 10 DECIBEL INCREASE IN NOISE EQUATE TO?

s - = 60 dB

=70dB

10 dB increase = 10x sound energy but is only perceived to be 2x louder

(o) CASPER
Shared Insight
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HOW DOES THE FAA QUANTIFY AIRPLANE NOISE?

DNL — Day-night average sound level over a 24-hour period
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DNL NIGHTTIME NOISE PENALTY (e) CASPER
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DAYTIME AIRCRAFT NOISE AIRCRA 0

1 Event =1 Event 1 Event = 10 Events

Aircraft operations between the hours of 10 pm and 7 am have a 10 dB penalty added to them to account for the lower ambient noise levels in communities,
which increases the likelihood of these events causing annoyance and sleep disturbance




WHY WAS 65 DNL CHOSEN AS THE THRESHOLD?

Federal Interagency Committee on Urban Noise (FICUN)

U.S.Department

of Transportation

Federal Highway % 2, ¢ 2 s
Administration NJZATES 0%

Guidelines for Considering Noise in Land Use Planning and Control (1980)
http://www.nonoise.org/epa/Roll7/roll7doc20.pdf

This report established the Federal government’s DNL 65 dB standard and related guidelines for land use compatibility



http://www.nonoise.org/epa/Roll7/roll7doc20.pdf

HOW DOES THE FAA DEFINE SIGNIFICANT NOISE?

e MX"W

According to the FAA noise levels of DNL 65 dB or above are generally considered incompatible with residential
land uses and people living within the DNL 65 dB or higher contour are considered to be significantly impacted
by aircraft noise.




EQUIVELANT DNL NOISE LEVELS (o) CASPER

Shared Insight

1 Event/Day SEL 114.4 dBA = 65 DNL

10 Events/Day SEL 104.4 dBA = 65 DNL

100 Events/Day SEL 94.4 dBA = 65 DNL
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AIRCRAFT PERFORMANCE AND NOISE "
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 AERODYNAMIC FORCES ACTING ON AN AIRPLANE

THRUST
e

WEIGHT



THE EVOLUTION OF THE COMMERCIALJET ENGINE

Pratt & Whitney JT8D-7
Low Bypass Turbofan
Bypass Ratio =1:1
Fan Diameter =42.5in
Max Thrust = 14,000 |bf
Sideline Noise = 105 dB

Pratt & Whitney JT9D-3A
High Bypass Turbofan
Fan Diameter =95.6 in

Bypass Ratio = 5:1
Max Thrust = 44,250 |bf
Sideline Noise = 98 dB

Pratt & Whitney JT3C-6
Turbojet
Bypass Ratio = 0:0
Fan Diameter = 38.8 in
Max Thrust = 11,200 Ibf
Sideline Noise =115 dB

GE90-94B
: High Bypass Turbofan
1995 Bypass Ratio = 9:1
‘ Fan Diameter = 123.0 in
Max Thrust = 94,700 |bf
Sideline Noise =93 dB

Rolls Royce Trent 1000-A
Ultra High Bypass Turbofan
Bypass Ratio = 10:1
Fan Diameter =112.0 in
Max Thrust = 69,294 |bf

Sideline Noise = 87 dB 777-200
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AERODYNAMIC EVOLUTION OF THE BOEING 737 FAMILY

Boeing 737 Aerodynamic Efficiency Improvement
30%

737-600W
25% ,
737-600 737-600
Wingspan 112.6 ft. 20%
15%
10%
737-200 Adv
Wingspan 93.0 ft.
5%
737-200 Adv. __@737-500
o
O% T T T T T T T 1
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Wingspan 117.4 ft.
8sp Aerodynamic Efficiency Improvement Source: Boeing
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EVOLUTION OF THE NARROWBODY COMMERCIALJET

EPNGB Narrowbody Jet Sideline Noise Certification Measurements
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FACTORS THAT EFFECT AIRCRAFT TAKEOFF PERFORMANCE

h‘

Aircraft Weight Weather Conditions Airport Elevation Runway Length
b o - . . .
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Los Angeles (LAX) to Sydney (SYD)
Aircraft Assigned: Boeing 747-438 (VH-0.S)
Flight Plan Distance: 7,560 miles
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~ EXPLAINING THE VARIABILITY IN DEPARTURE

Los Angeles (LAX) to New York (JFK)
Aircraft Assigned: Boeing 747-438 (VH-OJT)
Flight Plan Distance: 2,536 miles

{
AL aremin
S 3
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HOW MUCH DOES A BOEING 747 WEIGH? () CASPER
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BOEING 747-400 (4x RB211-524H) WEIGHTS

OPERATING EMPTY WEIGHT 394,088 Ib. / 178,755 kg.
MAX STRUCTURAL PAYLOAD 148,412 |b. / 67,319 kg.
MAX ZERO FUEL WEIGHT 542,500 Ib. / 246,074 kg.
MAX USEABLE FUEL 382,336 1b. /173,425 kg.
MAX TAXI WEIGHT 877,000 Ib. / 397,801 kg.
MAX TAKEOFF WEIGHT 875,000 Ib. / 396,893 kg.
MAX LANDING WEIGHT 630,000 Ib. / 285,763 kg.




HOW MUCH FUEL DO WE NEED FOR OUR TRIP? (o) CASPER

Shared Insight

Fuel Planning Schematic 747-400

(STANDARD UNITS)

Basic Operating Empty Weight: 394,000Ibs
Payload: 105,727|bs
Zero Fuel Weight: 499.815Ibs 83,800 Ib. b 83,800 Ib
{Must be less than 535.000) ’ .
38,011 kg. i d 38,011 kg.
Zero Fuel Weight: ~ _499,815lbs No. 1 Tank I| No. 4 Tank
+  Minimum Landing Fuel: 24,000lbs 29,200 lb. 29,200 Ib.
+ Alternate Fuel: 11,400Ibs 13,245 kg. 13,245 kg.
+ Contingency Fuel: 11,1391bs

Planned Landing Weight: 546,354Ibs

{Must be less than £30,000)

Planned Landing Weight: 546,354Ibs
+ Flight Plan Fuel: 324.1641bs

Planned Gross Takeoff Weight: 870,518lbs /> ~
{Must be less than 275,000)
// 119,500 Ib.
Planned Gross Takeoff Weight: 870,518lbs " 54,204 kg.
+ Taxi Fuel Burn Off: 3.000lbs

Right Reserve Tank
Planned Taxi-Out Weight M 8,800 Ib. 8,800 Ib.
Schematic should be used to ensure compliance with structural weight limits. 3,992 kg 3,992 kg

Left Reserve Tank

Crews should venfy that planned takeoff and planned landing weights are not limited by reduced
runway lengths or high density altitudes. Left Sta bl |ize r Ta n k

Boeing 747-400 Fuel Capacity 11,450 Ib.

5,194 kg.
Capacity = 386,000 Ib. Useable = 382,336 |b. Unusable = 3,664 Ib. ’ 8
175,087 kg. 173,425 kg. 1,662 kg.

Right Stabilizer Tank
11,450 Ib.
5,194 kg.
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FUEL LOAD PLANNING

QFA11 LAX-JFK = 2,536 miles
Flight Time =4 hr 39 min
Empty Weight = 394,088 Ib.
Fuel =120,557 Ib.

Takeoff Weight = 394,688 |b.

QFA18 LAX-SYD = 7,560 miles
Flight Time = 14 hr 5 min
Empty Weight = 394,088 Ib.
Fuel = 373,703 Ib.

Takeoff Weight = 384,083 Ib.

.

D (

Takeoff Weight Difference

25301186 Ib.

[C Y
\
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HOW ARE PASSENGER AND CARGO WEIGHTS CALCULATED?

FAA Average Summer Weights (Estimates) Palletized and Containerized Cargo

Checked Carry-On  Overweight Weighed prior to loading

(o) CASPER

Shared Insight




CARGO LOAD PLANNING

QFA11 LAX-JFK = 2,536 miles
Flight Time =4 hr 39 min
Empty Weight = 394,088 Ib.
Fuel =120,557 Ib.
Bags/Cargo = 24,888 Ib.

Takeoff Weight = 539,638 |b.

263,998 Ib.

Takeoff Weight Difference

QFA18 LAX-SYD = 7,560 miles
Flight Time = 14 hr 5 min
Empty Weight = 394,088 Ib.
Fuel = 373,703 Ib.

Bags/Cargo = 33,735 Ib.

Takeoff Weight = 867,336 Ib.

(o) CASPER

Shared Insight



PASSENGER

QFA11 LAX-JFK = 2,536 miles
Flight Time =4 hr 39 min
Empty Weight = 394,088 |b.

0o o
o Fuel = 120,557 Ib.

| % % " Bags/Cargo = 24,888 Ib.
% g Passengers = 187 (32,435 Ib.)
= B Takeoff Weight = 588,988 Ib.
! [l

e e

e

B SR mn a e

Takeoff Weight Difference

LOAD PLANNING

QFA18 LAX-SYD = 7,560 miles
Flight Time = 14 hr 5 min
Empty Weight = 394,088 Ib.

Fuel = 373,703 |b. E
Bags/Cargo = 33,735 Ib. E
Passengers =416 (71,992 |b.) —
Takeoff Weight = 800,528 Ib. 'f.'!ﬂ

361,998 Ib.

(o) CASPER
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HOW MUCH RUNWAY DO WE NEED TO TAKEOFF?
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CALCULATING TAKEOFF DISTANCE (*) CASPER
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Jemperature Dew Point
59°F /155G 36°F [ 2°C

Altimeter Setting Field Elevation Departing
29,92 in /- 1030:mb.  128ft. /39 m. Runway:25R

QFA11 LAX-JFK

Density Altitude = 251 ft. / 77 m.

Takeoff Weight = 568,968 Ib. / 258,079 kg.

Flap Setting: 20°

Power Setting: 1.76 EPR (0% Derate)

Takeoff Runway = 25R (12,091 ft. / 3,685 m. available)
Takeoff Distance = 6,050 ft. / 1,844 m.

Takeoff Speeds = V1-126 kts. VR-126 kts. V2-146 kts.

QFA18 LAX-SYD

Density Altitude = 251 ft. / 77 m.

Takeoff Weight = 870,518 |b. / 394,860 kg.

Flap Setting: 20°

Power Setting: 1.76 EPR (0% Derate)

Takeoff Runway = 25R (12,091 ft. / 3,685 m. available)
Takeoff Distance = 10,323 ft. / 3,146 m.

Takeoff Speeds = V1-153 kts. VR-168 kts. V2-180 kts.



TEMPERATURE AND PERFORMANCE (o) CASPER
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°F The volume of air ingested into a jet engine is fixed, but the density of that same air is not.

110 .
High-pressure Higbh-pressure
100 Fan compressor turbine

High-pressure
hgftp

Low-pressure
shaft

Low-pressure Combustion Low-pressure Nozzle
compressor chamber turbine

Temperature has an inverse correlation with Air Density

Hot air is less dense than cold air and thus the warmer the temperature the less net thrust a jet engine
produces. Warmer temperatures also decrease lift, which increases the length of runway needed for
takeoff, reduces climb performance and lessens the payload weight that can be lifted.
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TEMPERATURE’S EFFECT ON TAKEOFF PERFORMANCE

w01 W spirit of Austratia Q.
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29.924in /- IOJJ mb: 128/fit. /JJ m. Runway:25R

QFA11 LAX-JFK

Density Altitude = 2211 & f. 766 m.

Takeoff Weight = 568,968 Ib. / 258,079 kg.

Flap Setting: 20°

Power Setting: 1.76 EPR (0% Derate)

Takeoff Runway = 25R (12,091 ft. / 3,685 m. available)
Takeoff Distance = 6,050 ft. / 1,844 m.

Takeoff Speeds = V1-126 kts. VR-126 kts. V2-146 kts.

Takeoff Length Difference= 0 ft. /0 m.

QFA18 LAX-SYD

Density Altitude = 2211 & fY. 766 m.

Takeoff Weight = 870,518 |b. / 394,860 kg.

Flap Setting: 20°

Power Setting: 1.76 EPR (0% Derate)

Takeoff Runway = 25R (12,091 ft. / 3,685 m. available)
Takeoff Distance = 10,803 ft. / 3,298 m.

Takeoff Speeds = V1-153 kts. VR-168 kts. V2-180 kts.
Takeoff Length Difference = @79, ft0/rh46 m.



WHY DO AIRPLANES TAKEOFF AND LAND INTO THE WIND?

" -~

A headwind equals airspeed over the wings which increases lift

Airplanes takeoff and land into the wind to increase lift and reduce the amount of runway
needed for takeoff and landing. An aircraft sitting at the end of the runway pointed into a 15
knot headwind has ground speed of 0 and an airspeed of 15 knots.

(o) CASPER

Shared Insight
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WIND’S EFFECT ON TAKEOFF PERFORI\/IANCE (*) CASPER

w01 W spirit of Austratia Q.
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Zatvr/ 15

29.924in /- IOJJ mb: 128/fit. /JJ m. Runway:25R

QFA11 LAX-JFK

Density Altitude = 251 ft. / 77 m.

Takeoff Weight = 568,968 Ib. / 258,079 kg.

Flap Setting: 20°

Power Setting: 1.76 EPR (0% Derate)

Takeoff Runway = 25R (12,091 ft. / 3,685 m. available)
Takeoff Distance = 6,660 ft. / 1,307 m.

Takeoff Speeds = V1-126 kts. VR-126 kts. V2-146 kts.

Takeoff Length Difference = #9400 137 m.

QFA18 LAX-SYD

Density Altitude = 251 ft. / 77 m.

Takeoff Weight = 870,518 |b. / 394,860 kg.

Flap Setting: 20°

Power Setting: 1.76 EPR (0% Derate)

Takeoff Runway = 25R (12,091 ft. / 3,685 m. available)
Takeoff Distance = 9®38Ftt/ 2HA96m.

Takeoff Speeds = V1-153 kts. VR-168 kts. V2-180 kts.
Takeoff Length Difference = &6#7/0 197 m.



ALTITUDE AND TAKEOFF PERFORMANCE

Temperature = 59°F / 15°C
Dew Point = 36°F / 2°C
Altimeter = 29.92 Hg.
Winds = Calm

LAX Field Elevation = 128 ft. / 39 m.
DEN Field Elevation = 5,434 ft. / 1,656 m.

Altitude has an inverse correlation with air density

At higher altitudes the air is less dense, decreasing the lifting effectiveness of the wing. Altitude
also effects engine performance, reducing the net thrust output from a jet engine. Both of these
factors combined increase the amount of runway needed for takeoff, negatively impact aircraft
climb performance and restrict the payload weight that can be lifted.
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ALTITUDE’S EFFECT ON TAKEOFF PERFORMANCE

w01 W spirit of Austratia Q.

Langressn
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59°F /[ 15°C ’”"/ 2°C Calm 29.924in /- IOJJ mb. Zfﬁﬁu/ JL;r 6:m.  Runway 25R
QFA11 LAX-JFK QFA18 LAX-SYD
Density Altitude = BBt ff. 725869 m. Density Altitude = B/Bft ff. 725869 m.
Takeoff Weight = 568,968 Ib. / 258,079 kg. Takeoff Weight = 870,518 |b. / 394,860 kg.
Flap Setting: 20° Flap Setting: 20°
Power Setting: 1.78 EPR (0% Derate) Power Setting: 1.78 EPR (0% Derate)
Takeoff Runway = 25R (12,091 ft. / 3,685 m. available) Takeoff Runway = 25R (12,091 ft. / 3,685 m. available)
Takeoff Distance = 6,050 ft. / 1,844 m. Takeoff Distance = 16,303 ft. / 3,786 m.
Takeoff Speeds = V1-128 kts. VR-128 kts. V2-146 kts. Takeoff Speeds = V1-158 kts. VR-188 kts. V2-180 kts.
Takeoff Length Difference= 0 ft. /0 m. Takeoff Length Difference = 6,878 &tnf.1,639 m.



WEIGHT RESTRICTION DUE TO RUNWAY LENGTH
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AVAILABLE RUNWAY LENGTH’S EFFECT ON AIRCRAFT WEIGHT

oy Spirit of Australia M

Langressn
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/ 15°C 368F //2°C Calm ZJ,J) /- IO Oimb. lZJ fit. /J) m. rUr)w_ly 25R

QFA11 LAX-JFK

Density Altitude = 251 ft. / 77 m.

Takeoff Weight = 568,968 Ib. / 258,079 kg.

Flap Setting: 20°

Power Setting: 1.76 EPR (0% Derate)

Takeoff Runway = 28R (34,385 ftft/ 2 358 hrmawitalalele)
Takeoff Distance = 6,050 ft. / 1,844 m.

Takeoff Speeds = V1-126 kts. VR-126 kts. V2-146 kts.

Takeoff Weight Difference = 01b. /0 kg.

QFA18 LAX-SYD

Density Altitude = 251 ft. / 77 m.

Takeoff Weight = 828,308 |b. / 393,880 kg. (0 Bags/Cargo and -74 Passengers)
Flap Setting: 20°

Power Setting: 1.76 EPR (0% Derate)

Takeoff Runway = 28R (4,389 1tft/ 2,358 5rmavaitdlalele)

Takeoff Distance = 983Ftt/ 237936m.

Takeoff Speeds = V1-188 kts. VR-168 kts. V2-130 kts.

Takeoff Weight Difference = ©04b3A8 Kg./-21,463 kg.



QFA11 LOS ANGELES INT’L (LAX) LOOP.8 DEPARTURE SID
gt

% 3 (LOOPB.LAX] 16035 o \
Calabasas \403/ LOOP EIGHT DEPARTURE sz pan O s e Caren ‘ )

b - s TAKEOFF OBSTACLE NOTES \ 4
\ \ 5 Rwy 56" 2, 600" laht of o g B MSL. * 4 s Fontana
s - ’ - ’ - . . o : ) . i

" v iy

FHTERD, : .Ontano

Beverly Hills
()

up
Bush 133" from DER, 397" left of centerline, 4' AGH

Santa Mo‘nica @
* < g KEGGS A

.ChinoHi_IIs | y Riverside.

, 25/R: St

- NOTE: DME and RADAR required,
NOTE: Minimum climb of 500" per NM to
10000 required. If unable, use the
OSHNN or SEBBY DEPARTURE.
MNOTE: Use the OSHNN or SEBBY DEPARTURE

during the period 2100-0700 local fime
TURN MANDATORY FOR in lieu of the LOOP DEPARTURE
ATC SEPARATION

MOTE: Chart not fo scole.

910Z YW €0 0 910Z 834 ¥0 'T-MS
SW-3, 04 FEB 2016 to 03 MAR 2016

DEPARTURE ROUTE DESCRIFTION

TAKEOFF RUNWAYS 24L/R; Climb on heoding 251° to cross SMO R-160 at or
below 3000, expect RADAR veciors o cross LAX VORTAC at or above 10000 thence. . . .

TAKEOFF RUNWAYS 25L/R; Climb on heading 251° to cross SMO R-160 at or v
below 3000, then turn left heading 236°, expect RADAR vectors to LAX VORTAC e
at or above 10000 thence. . . . y

... . on |assigned transition) or (assigned route). All circraft expect further clearance 1o
filed Flight level three minutes after departure.

DAGGETT TRANSITION {LOOF8.DAG): From over LAX VORTAC on LAX R-041 fo ST > v/ "
COOFP, then on LAX R-041and DAG R-222 to DAG VORTAC. AR o :

LOST COMMUNICATIONS: If not in contact with Departure Control by 15 DME west of
LAX VORTAC, turn left and proceed direct LAX VORTAC, climb to FL230 or filed altitude S R 5 /

whichever is lower, and when able proceed on filed or assigned route/fix/transition. S Qrange County, ¢ > s SN
Aircraft filing FL240 or above climb to filed alfitude ten minutes after departure N s

LOOP E|GHT DEPARTURE LOS ANGELES, CALIFORMLA, :

PA C / F/ C O (LOOPS.LAX) o4fes16 LOS ANGELES INTL (LAX)

<

Mission Viejo
®



i

Tl

PACIFIC O

91L0Z WY €0 0) 910Z 534 #0 'E-MS

(PRCH1 LAX) 16035
PERCH ONE DEPARTURE 51-237 FAA|

LOS AMGELES, CALIFORMIA

LOS AMGELES INTL (LAX)

ATIS DEF

135,45 TOP ALTITUDE:
CLNC DEL TAKEQFF MINIMUMS ASSIGNED BY ATC
12035 327.0 Rwys 6L, 7L/R, 24L/R, 25L/R: Standard.

ﬁ:;l?gcﬁg 70 Rwy éR: 3(.'!0-1'6 or sfqndﬂrd with mini mum

[8)121.75 327.0 climb of 231" per NM to 400°,

:_gfl, mggﬁé?-rgwﬂ NOTE: RADAR and DME required.

M) 133.% 239.3 X . .

[5) 120.95 379.1 NOTE:  Route depicted is o LOST COMMUNICATION PROCEDURE anly.
50CAL DEF CON

124.3 363.2 (045°-224%)
125.2 263025 (22570447

SAMTA MONICA
1108 SMO ==_
Chan 45

PERCH ey
N33°52.05° rvrnyilrnanenessasnsssnnnsasioanes 25174

DINTY W119909 48 #0

L Y S
M33°28.97 " 10000
W122035.04' % 5 LOS ﬁxIGELES A
MRA 26000 AR g Lax 512
H-4 o
FICKY
431733, 48"

WIZ1*23.51"
H-4 *
(NOTES CONTINUED ON FOLLOWING PAGE) MOTE: Chart nat e scole.

v DEPARTURE ROUTE DESCRIFTION
TAKEOFF RUNWAYS 6L/R, 7L/R: Climb on heading 071° for RADAR vectors to DINTY
or FICKY, thence. . . .
TAKEOFF RUNWAYS 24L/R, 25L/R: Climb en heading 251° to cross SMO R-160 at or
below 3000, then on RADAR vectors to DINTY or FICKY, thence. . . .

... .on (assigned route). All circraft expect further clearance to filed flight level three minutes
after departure.

LOST COMMUNICATIONS:

TAKEOFF RUNWAYS &L/R, 7L/R: If not in contact with Departure Control upon reaching
LAX 8 DME, turn right heading 2512, Cross SMO R-210 at or above 5000 and at or below
'IOOOO.CﬁHer leaving 10000, turn right heading 271° to intercept and proceed on LAX R-249
to PERCH.

TAKEOFF RUNWAYS 24L/R, 25L/R: If not in contact with Departure Control within

five minutes after departure, proceed to PERCH on LAX R-249. Climb to FL230 or filed
altitude whichever is lower. Aircraft filing FL240 or above climb to filed alfitude ten

minutes after depature.

LOS ANGELES, CALIFORMLA,

PERCH ONE DEPARTURE LOS ANGELES INTL (LAX)

(PRCH1 LAX) osreais

SW-3, 04 FEB 2016 to 03 MAR 2016

QFA18 LOS ANGELES (LAX) PERCH.1 DEPARTURE 5ID

-i\ Burbank
B

urbank

i

4lorrance’
()

Pasadena
O

o

+ L'ong|Beach

—

L B h
"Long Beachjs

Beach
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AVERAGE DEPARTURE TRACK PROFILE COMPARISON (o) CASPER

Shared Insight

Ft. QFA11 (LAX-JFK) 568,968 Ib. / 258,079 k8. e QFA18 (LAX-SYD) 870,518 Ib. / 394,860 Kg. e
24,000
Climb Rate
22,000 2,500 ft./min
20,000 (]

18,000 / 4769 £t
16,000 'S
®

14,000 / 3,750 ft. —— | Climb Rate

/ 1,900 ft./min
12,000 .- ®
10,000 3,048 ft. /

‘///’,/’,/' "”J.",////—

8,000

6,000 / .'/
4,000 /
=

129 179 234 280 332 373 417 472 Sec.



PERFORMANCE BASED NAVIGATION (*) CASPER
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(e) CASPER

METROPLEX

Geographic area that includes several
commercial and general aviation airports in
close proximity serving large metropolitan

dareas.

The FAA has identified 21 metroplex areas
where airspace congestion and other
limiting factors such as environmental
constraints combine to create bottlenecks
that effect system efficiency nation wide.

WHAT IS A METROPLEX?

N T .
g\ :'I : - | [

Shared Insight

/ @®Partland " ‘
IS f T t .Mlnnea ('J
,.A h _ I;' ,‘I_ o ) - ™ |,f
] |
s ! | Chrcag =
'bsan F;‘rancisco " g ] L Plttsburgh'__ S imore
N ! @Denver- - N ) | / g ton D.C
T ‘ ‘ | - ,%mcmnatn' mg onb.L.
| . @St. Louis 7 L J -8 ¥
\ a5 Vegas— f o ET ” T
q-L & | I T —— | ;‘\__5(2'_,__-——- - «fa\l
""" ’Los Angeles ," T I ~ QCharI(?t?/
' It ; | Memphis_ e >
San Dlego‘ 5 .Phoen:ux | - J 9 | \\ .Atlanga p.
, | - ; .\ e
o . .Dallas/FUrt \ZVorth| P E
\ . .,\ 5_ . '. A Jj
\ / Uﬁ"’% I

1

pa—

FAA Metroplex

Wans )ohstcm &%?Q;
\ 3
.‘-.)I _tg

ort Lauderdale
Miami




Optimization of Airspace &
Procedures in the Metroplex

Optimization of the airspace and procedures
encompassing multiple airports in a
metroplex region provides for the most
efficient traffic management solutions on
both a regional and national basis.

By examining airspace problems on a
regional scale the FAA can customize the
solutions to ensure they maximize
throughput of airplanes through the entire
airspace in the safest and most efficient
manner possible while at the same time
customizing procedures to meet the unique
requirements of individual airports.

WHAT IS OAPM? (o) CASPER

Shared Insight

‘mwmno«u
WED(FE REFUGE
Moh:

|
ave ‘ /1 2
":t::m,g\ = Vil L
Y

AV




WHAT IS PBN? (o) CASPER

. . Shared Insight
Performance Based Navigation Y

A transformational change from
conventional ground-based navigation aids
and procedures to satellite-based navigation
aids and area navigation procedures, which
are more accurate and allow for shorter,
more direct routes between two given
points as well as more efficient takeoffs and
landings.

PBN enables aircraft to fly on any desired
flight path within the coverage of ground or
satellite based navigation aids using the
aircraft’s capability to navigate by means of
performance standards utilizing either Area
Navigation (RNAV) or Required Navigation
Performance (RNP).

' Ground Based Navigational Aid + Satellite Based Navigational Aid
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WAYPOINT TYPES (o) CASPER

Shared Insight

Fly-By Waypoint Fly-Over Waypoint

+ +

Much less flight path
predictability caused by
overflying the waypoint
and having to turn back to
recapture the track to the
~ next waypoint.

Much greater predictability
in the flight path flown and a
narrower track dispersion.

The aircraft navigation
system will anticipate the
turn and calculate the radius
of the turn to intercept the
next waypoint.

Differences in airspeed and
aircraft mass resultin a
wide track dispersion
during the turn.
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WHAT IS RNAV? (o) CASPER

' ' Shared Insight
Area Navigation

Developed in the 1960s, with the first routes
being published and flown in the 1970s.

This method of instrument flight rules (IFR) RNAV 1
navigation allows an aircraft to choose any
course within a network of navigation @ = c o m m e e e e e e e e e e e e e e e e e, e e e, — — ————————
beacons, rather than navigate directly to
and from the beacons.

RNAV requires an aircraft to be equipped

with a GPS navigation system like a Flight *:\j -

Management System (FMS) which uses the _ .

GPS to triangulate the aircraft’s position to ¥ L L L L L L o o o e e e e e e e e e e e e e e e e e e —
within a circle with a defined radius. Within 1 nm 95% of flight time

RNAV is primarily used for departure
procedures and/or arrival procedures that
do not require the narrow tolerances
defined by RNP procedures.

RNAV 1 —implies you have a 95% probability of keeping within 1 nm of your track course



FLYING AN RNAV DEPARTURE (o) CASPER

Sharec 1 Insight
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WHAT IS RNP? (o) CASPER

. . . Shared Insight
Required Navigation Performance

Developed in the early 1990s, with the first
route being published and flown in 1996 by

Alaska Airlines at Juneau, Alaska.
Within 0.2 nm 99.999% of flight time

This method of instrument flight rules (IFR)

navigation is fundamentally similar to RNAV Within 0.1 nm 95% of flight time

with the difference being that RNP 3 )\i

incorporates onboard performance Track Centerline e G
. . ine. N A 3 :

monitoring and alerting. PP e **:;ri ......................

The Flight Management System (FMS) uses Within 0.1 nm 95% of flight time

position data from two independent GPS

receivers as well as inertial navigation data Within 0.2 nm 99.999% of flight time ‘l’

to crosscheck and monitor the position of m

the aircraft. The system reports to the

pilots if the position accuracy falls outside
the tolerances for the given procedure. RNP 0.1 — implies you have a 95% probability of keeping within 0.1 nm of your track course

RNP 0.2 —implies you have a 95% probability of keeping within 0.2 nm of your track course
RNP is primarily used for approaches into

airports surrounded by mountainous terrain
and/or other obstacles. RNP 0.1 - Alert if the probability of keeping within 0.2 nm of the course centerline is less than 99.999%

RNP 0.3 —implies you have a 95% probability of keeping within 0.3 nm of your track course



FLYING AN RNP APPROACH (o) CASPER

Shared Insight




Standard Instrument Departure

An IFR air traffic control departure
procedure that utilizes a series of specific
waypoints, headings and altitudes to
organize traffic departing the airport and
place aircraft on a fixed route with defined
transition points exiting the airspace.

SIDs are optimized for air traffic control
routing efficiency while striking a balance
between terrain and obstacle avoidance,

noise abatement and airspace management.

A specific SID is assigned to an IFR flight by
ATC based on a combination of the aircraft’s
destination, the first waypoint in the flight
plan and the takeoff runway assigned.

Phoenix Sky Harbor Int’|
KPHX - YOTES.3 SID lllustrated

WHAT IS ASID?

(YOTES3.YOTES) 1517 51
YOTES THREE DEPARTURE (RNAV)

322 (FAA)
PHOEMIX SKY HARBOR INTL (PHX)
PHOENIX, ARIZOMA,

11975 269.2 [MORTH)

132,55 269.2 [SOUTH)

FHOEMIX TOWER

1187 278.8 (Rwy 8-26)

12009 2543 (Rwys 7L-25R, 7R-251)
FHOEMIX DEP CON

1192 281 .45

G

NOTE: RMAV 1.

MNOTE:  Turbojets and turboprops only.
NOTE:  RADAR required.

NOTE:  DME/DME/IRU or GPS required.
NOTE:  GCM TRANSITION ATC assigned only.

Rwys 7L/R and 8, IWA and PXR DMEs
must be operatianal

must be operatianal
NOTE:  Aircroft departing KGEU and KGYR
ATC assigned only.

910Z YV €0 % 9102 834 ¥0 'TMS

.?;1755?5 TOP ALTITUDE:
CLNC DEL 8000

18] 2692 GRAND CANYON

GHND CON GCN

Q’ *

B

A
\ g
L

NOTE:  For non-GPS equipped aircraft departing

NOTE:  For non-GPS equipped aircroft departing

Rwys 25L/R and 26, TFD, IWA and DRK DMEs /
S8

sh_ %000 Rwys 7L/R, B: Standard with minimumlcl_imb of .500’
=| = per MM to 1840 then minimum climb of
- TWSND 300" per NM fo 17000,
1640 Rweys 25L/R, 26: Standard with minimum climb of 5007
> 258 078°/ per NM to 2140 then minimurm climb
@, p5ge 07'3., of 300" per MM to 17000.
2 SPRKY
ETION o?’sclid [NARRATIVE ON FOLLOWING PAGE)

o
~ c;\fy

TAKEOFF MINIMUMS

(NCTES CONTINUED ON FOLLOWING PAGE)

MOTE: Chart nat to scale.

YOTES THREE DEPARTURE (RNAV)
(YOTES3.YOTES) 15176

PHOENLX, ARIZOMA,
PHOEMIX SKY HARBOR INTL (PHX)

SW-4, 04 FEB 2016 to 03 MAR 2016

(o) CASPER

Shared Insight



PHOENIX SKY HARBOR INT’L (PHX) YOTES.3 DEP. RNAV SID
o o ” » ,gx W - " ;g'ﬂ r’ ; % AR

P e 4 "/,
Quartzsitefy
® SIS

-




WHAT IS A STAR? (o) CASPER

Shared Insight
1 1 (SERFR.WWAVST) 15244 )
Standard Terminal Arrival Route WWAVS ONE ARRIVAL (RNAYV)  grpasy " Sorncoarty ciromon
] ATIS
3, 1137 118.85
. . . o CAKLAND CENTER
An IFR air traffic control arrival procedure MVRKK o8B0
o . .o . 128.575 254.25
that utilizes a series of specific waypoints, 85 A s 2o
s GMD CON
headings and altitudes to organize traffic wesia & e
.. . . . 6000 210K
arriving to the airport by placing airplanes ﬁ\t&% i ARRIVAL ROUTE DESCRIPTION
on fixed routes with defined transition . ):} o o o 1o cross NARI o o chove
. . . THEEZ - WWAVS between 15000 and FL190 and ot 280K,
points entering the airspace. 8000 4_0K\
® LANDING RUNWAYS 19L/R: From WWAVS on track
E’-(‘é 306: to cross WPOUT at 11000 tr;d;:f 250K, H;en on
. . ="e trock 3317 fo cross THEEZ at or o 8000 and at
STARs cover the portion of the flight £ o 240K, then onrock 31 o cross WESIA w1 6000 and | 2
R - 2 _ WROUT—, [s] . nen on fracl 4 . hen on C|
between the top of descent and the initial 3 10000 25 ° 360°. Expect RADAR veciors o final approach course. g
approach fix to the runway. = o N\, :
a8 2
8
N - 150 280K z
The STAR simplifies ATC clearance g (R 15000 3
procedures and allows for a smooth o
oy . MNRERLI
transition of aircraft between en-route and %}m@
approach controllers. Assignment of STARs BN
. . . . >,
by ATC is dictated by many factors including @gf%
the weather conditions, runway/approach in 5: -
use as well as airport congestion. % %
NCTE: RADAR required. 10 NMk)
NOTE: RNAY 1. hW(RSa
Sa n F ran Cisco I nt' | MNOTE: DME/DME/IRU or GPS required.
MOTE: Charf nat o scole. STOKD <>~
KS FO - WWAVS.]. STAR |||u5trated WWAVS ONE ARRIVAL (RNAV) SAM FRAMCISCO, CALIFORMNIA

SAN FRANCISCO INTL(SF'0)

(SERFR.WWAVST) 15344




SAN FRANCISCO INT’L (SFO) WWAVS.1 ARR. RNAV STAR (“) CASPER

adared lnsio
- o o < 5 N g A K ’ 3 L4

' ) B N
ozl ionn L g : ‘ BTN . I\
e e y | gL I o
- * A% §5 (. p
4 " Modesto & : %
NG O oS e ' p
: ’ Kk

- b ; W o 4 -
SN Pl . ¥ b Fad
| e 5 ohie T
t5 N e 0,».‘,._1)1_“1 i
.San Jose TR g A ik, ’» % ¢ ,‘r
WEOUT Y ’ 7 \‘-e‘:
V

" Santa Cruz
O

o

San'Liuis Obispo

* ' g, ARt
Sourcs: B, Dlglicl@lb, Gaoys, By G3Sgmshios; SNESIATNS 08, USDA, USES, AZX, Gais



WHAT’S THE DIFFERENCE BETWEEN AN ARRIVAL AND AN APPROACH?

Arrival

An arrival procedure
covers the portion of the
flight from the top of
descent point in cruise
flight down to a position
just short of the initial fix
on a specific approach.

Arrivals don’t end at a
runway end, but rather
usually terminate near
the initial fix for a specific
approach.

910Z WWW £0 01 9102 834 ¥0 ‘T-MS

(SERFR.WWAVSIT) 15324

WWAVS ONE ARRIVAL (RNAV)

SAM FRANCISCO INTL (SFO)

ST-375 [Faa) SAMN FRAMCISCO, CALIFORMLA

$
Lael
MVRKE
o
Oy
&

NOTE: RADAR required.
NOTE: RNAV 1.
NOTE: DME/DME/IRU or GPS required.

MNOTE: Chart nat o scole.

ATIS

113.7 118.85

QAKLAMD CEMTER
134,55 2905

MNORCAL APP CON
128575 254.25

SAM FRAMCISCO TOWER
1205 2691

GND CON

1218

ARRIVAL ROUTE DESCRIFTION

From SERFR on track 314° to cross NRRLI at or above
FL200 and at 280K, then on track 313° to cross
WWAVS between 15000 and FL190 and ot 280K,

LANDING RUNWAYS 19L/R: From WWAVS on track
306° to cross WPOUT at 11000 and at 250K, then on
track 331° to cross THEEZ at or above 8000 and ot
240K, then on track 331° to cross WESLA at 6000 and
at 210K, then on track 002° to MVRKK, then on track
360°. Expect RADAR vectors to final approach course.

WIWAVS
FL190 280K
15000

MAKRS ,,

STOKD <>

WWAVS ONE ARRIVAL (RNAV)

(SERFR.WWAVS1) 15342

SAM FRAMCISCO, CALIFORMNLA
SAN FRANCISCO INTL(SFO)

SW-2, 04 FEB 2016 to 03 MAR 2016

9L0Z HYW £0 % 910Z 834 #0 ‘T-MS

SAMN FRANCISCO, CALIFORMIA AL-375 (FAA)
WAAS Rwy Idg  B650

cri 58015 | “TECS | Tove 11
W19A Apt Elev 13

15174

RNAV (GPS) RWY 19L

SAN FRANCISCO INTL (SFO)

'i DME/DME RNP-D.3 NA. For uncompensated Baro VINAY systems, LNAV/VNAY
Mt belew 3°C [38°F) or above 54°C (130°F). For inoperalive MALSF, increcse LFY

MALSF | MISSED APFROACH: Climb o

420 then climbing lef tum 1o

Coat AJB visibiility 1o RVE 4500, LMNAY/YNAY all Cats visibility 1o RVE S000 and = "
LNAY ot Do 1% miles. Inoperative toble does nat apply ta LPY Cat C/D. €9 £ | 3000 direct DUMBA and hold.
113_:‘”315_3 NORCAL AFP CON SAN FRAMCISCO TOWER GHD COM LM DEL
118.85 135.45 134.5 338.2 1205 269.1 1218 118.2
_ﬁ (1F)
UPEND
2600 :}L
Sis
20
2025 =
A / [IF)
1 ?95A BERKS
Ag7a
g
> A
XF M
(FAF)
A SHAKE 16
. A
550
408 RADAR REQUIRED
N
778
A
CAA MISSED APCH FIX
|75 DUMBA
FEV 13 @] T0E 11 O,
TOZ/CL Rwys 191 and 28R By ?‘5’#.3
REIL Rwys 1L, 1R and 10L Oy
HIRL oll Rwys ey,

VGSl and RMAV glidepath not coincident
BERKS

[VGS! Angle 3.00,/TCH 71)
|
OGGE SHTKE ! 000
Ri 5000
5.5 NM 1o 23|00 \qb.“’j
RWISL
. GP 3.00°
4" 1800 TCH 53
31 TN
CATEGORY A | ] C | o
LV DA 293/40 282 (300-%) 293/50 282(300-1)
LNAY
AV DA | 350/40 339 (400 350/50 3391400-1)
LNAYV MDA 540/40 549 [600-75) 560-1%; 549 (600-1%)

SAN FRAMOISCO, CAUFORNIA
Amdt 3 185EP14

J7EETN 22723

SAN FRANCISCO INTL (SFO)

RNAV (GPS) RWY 19L

SW-2, 04 FEB 2016 to 03 MAR 2016

Approach

An approach procedure
cover the portion of the
flight from the initial
approach fix down to the
runway.

ATC sequences airplanes
onto an approach to a
specific runway at set

intervals. The approach
procedure guides the
aircraft down to the
runway.

(o) CASPER

Shared Insight




REAL WORLD EXAMPLE AAL530 (SEA-PHL)  (e) CASPER

Shared Insight

: T,
AmericanAirlines "¢
| —’).). | B

Philadelphia, PA

Flight

AA 530

Departs Status

10:25pm OnTime

Arrives

6:23am EDT

Boarding in 20 minutes

AAdvantage ® Miles: 2,375 e FlightTime: 4 hr42 min e Aircraft Type: Airbus A321T
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AAL530 FLIGHT DETAILS (o) CASPER

Shared Insight

AIRBUS A321-231T (Transcon)
Aircraft: N102NN

Filed: FL330
ETE: 4 hr 42 min

Route: KSEA SUMMAS8 SUMMA J54 BKE KU87Q RAP HAYNS GIlJ J146 WOOST J34 DIB EWC JST BOJID1 KPHL



SEATTLE-TACQMA (SEA SUI\/IA 3 DEP.

1SEA
Jc;ﬁ:a ® J\IEVJO

Mt. Rainier
(14,411 ft.)
-

i

Mt. Sé Helens " Mt. Adams
63 ft.) (12,281 ),

bBend—o

MtlBacheIor




AAL53O ENROUTE FLIGHTPATH (o) CASPER

Shared Insight

SEA_/?

ASUMMA

Route: KSEA SUMMAS SUMMA J54 BKE KUS7Q RAP HAYNS Gl J146 WOOST 134 DJB EWC JST BOJID1 KPHL
1 1 1 1 ¥ 1 [ |

Origin SID Waypt. Trans. VOR Airway Trans. STAR Dest.




PHILADELPHIA INT'L (PHL) BOJID.1 RNAV ARR. STAR

o TR

| |

T
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e
- y - e
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FLIGHT PROCEDURE DESIGN iy -8
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PRIMARY DESIGN CONSIDERATIONS *’ 22558,

SAFETY OF FLIGHT

 Terrain Clearance
 Obstacle Clearance
e Aircraft Performance Limitations

e Traffic Separation

e Traffic Deconfliction

AIRSPACE EFFICIENCY

Increase System Throughput
Increase Predictability of Operations
Reduce Required Aircraft Spacing
Reduce Track Miles Flown

Reduce Radio Communications




TERRAIN AND OBSTACLE CLEARANCE '’ “22255.

JACKSON, WYOMING AL-504 (FAA) 17285
WAAS Rwy ldg 6300
o 90232 | VHo0 i easd RNAYV (GPS) Z RWY 19 . . .
T e Maintain Separation
v hop fotle does not apply o LNAY Cats € and D. When bcal abimeter JAISSED APFROACH: Climb 1o p
A satting not raceived, procadure NA. Far inop MALS, increase LPY all MALS |1 4000 direct ZIMNU and on
B3 -26°C Cors visibility 0 1% mile. Circling NA east of Rwy 1-19. DME/DME B | wock 193° 10 KICNE ond hold,
RNP-0.3 NA. @ | continve dimb-in-held 1o
# Missed cpproach requires a minimum climb of 235 fast par NM to 9200. 14000,

, ,1‘« e  Maximum Descent Gradient

b | e | Haeione | g P e  Minimum Climb Gradient
S e (.%Q@wb @}

e Altitude Crossing Limits

- :4 . . .
2 E *  Minimum Turn Radius
: :
s 2 . .
g 8 e Airspeed Restrictions
: 2
| e Navigation Error Tolerance
e Aircraft Restrictions
205”9800
o RW19 &ji:O,\e"w@
) | 8000 Ll
CATEGORY -”m-:-| - [ ’n | C :,3lm—— D
¥V DA 6651-% 200 (200-%)
PV DA 6908-1% 457 (500-1%)
INAY MDA 7380-1 929(1000-1) 7380-22 929 (1000-2'5)
HIRL Ry 1-19 @ CRCUNG |  7380-1% 929010001%) [ o, 738022 | 73803
JACKSON, WYOMING JACKSON HOLE (JAC)
s awnnoeaw  RNAV (GPS) Z RWY 19
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AIRCRAFT PERFORMANCE LIMITATIONS () CASPER

Shared Insight
Vertical Profile — Climb Gradient
Minimum climb gradients are predicated on the worst case scenario:
Losing an engine on takeoff with the aircraft at maximum takeoff weight on a very hot day.
The vertical profile must allow all aircraft to clear all obstacles safely with one engine inoperative.
500 ft.

1 nm =6,076 ft.
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AIRCRAFT PERFORMANCE LIMITATIONS () CASPER

Shared Insight

Lateral Profile — Turn Radius

Max Takeoff Weight = 987,000 Ib. / 447,696 kg.

\

Max Takeoff Weight = 502,500 Ib. / 227,930 kg.

Airspeed, Wing Loading
and Mass determine the
turn radius of a particular
aircraft.

Max Takeoff Weight = 181,200 Ib. / 82,191 kg.
Aircraft with a smaller
mass flying at a lower
airspeed can turn within a
tighter radius.

Max Takeoff Weight = 64,500 Ib. / 29,257 kg.



TRAFFIC SEPARATION / DECONFLICTION  (*) CASPER

Boeing 747-8lI

Cruise Speed = 570 mph
Approach Speed =172 mph

Max Takeoff Weight = 987,000 Ib.

; Boeing 787-8
N— Cruise Speed.= 56@ mph
Approach Speed =feamph  semi-Truck
Max Takeoff V\ﬂcﬁg 7 2302200 llryise Speed = 70 mph

S . = Max Weight = 80,000 Ib.
o) e B S O

AN 7

Boeing 737-8 Max
Cruise Speed = 522 mph
Approach Speed = 163 mph

Max Takeoff Weight = 181,200 Ib.

-

Avg. Weight =200 |b.

Bombardier Q400

Cruise Speed = 414 mph
Approach Speed = 145 mph
Max Takeoff Weight = 64,500 Ib.

Cessna 172

W Cruise Speed = 140 mph
Approach Speed = 75 mph
Max Takeoff Weight = 2,550 Ib.
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Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN. IGP, swisstopo, and the GIS User Community



Farmingdale .

-~ <y

se\Wrightstown
(% -%wg i AR

7

gL |-

feClaSSbor07
o 2

P2

/s
4
Y7 A
/ J%ii‘»)f;@vls
AW ST
NeSss N

LIRTY/
7 A
R/ X

‘_‘;“&E~;-

\~ & at

o

Aerog?lﬁ,'.l ) ,’I@E’fg\'msstopo. and the GIS User Community







REDUCE REQUIRED AIRCRAFT SPACING (o) CASPER

Shared Insight

A306
Worldwide Services

Syncheaniring the workd of commerc

ConnS gt American ‘e - _\\ " e T Linessieanieaeas disane | aaRes eheseses

Wotldwide Services
Syncheonizing the warld of commerce

R

BRFFISH AIRWAYS —

S BRRINRE WREREE 8 lm

BRITISH AIRWAYS




REDUCE TRACK MILES FLOWN

(YOTES3.YOTES) 15178 51-322 [FAA)
YOTES THREE DEPARTURE (RNAV)

ATIS

127.575

CLMC DEL

1181 269.2 [ GRAND CANYON
GHD CON GCN
119.75 269.2 [NORTH)

132.55 269.2 [SOUTH)

PHOEMIX TCVWER

118.7 278.8 (Rwy 8-26]

1209 254.3 {Rwys 7L-25R, 7R-25L)

PHOEMNIX DEP CON

1192 281.45

%
20 %
P
2

RINAY 1.

1 Turbojets and turboprops anly.
RADAR required.

1 DME/DME/IRU or GPS required.

: GCM TRANSITION ATC assigned only.
For non-GPS equipped aircraft departing
Rwys 7L/R and B, WA and FXR DMEs
must be operational,

For non-GPS equipped aircraft departing
Rwys 25L/R and 26, TFD, IWA and DRK DMEs
must be operational.

: Aircraft departing KGEU and KGYR
ATC assigned only.
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GOALY A, TAKEOFF MINIMUMS
5000 ¥ Rwys 7U/R, B: Standard with minimum climb of 500
per NM to 1640 then minimum climb of
300" per NM to 17000,
1640 Rwys 25L/R, 26: Standard with minimum climb of 500°
253" 0730 ! per MM to 2140 then minimum climb

> : el E B (2 253, 073\.11 Jo— of 300" per NM to 17000.

Avondaleﬂ 65T = T P gl e T Oyge\ [NARRATIVE ON FOLLOWING PAGE)
' (NOTES CONTINUED ON FOLLOWING PAGE)
MNOTE: Chart not to scole.
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A special thank you to Dan Yeung and Kathryn Pantoja of LAWA’s Environmental Department for
providing the LAX flight track data used as the basis for the comparative analysis of Qantas flights.

The following programs and sources were used to create this presentation.

Casper Noise
Adobe Photoshop CC 2016
AirNav.com (airnav.com)
Boeing 747-400 Airplane Characteristics for Airport Planning (boeing.com/commercial/airports/plan_manuals.page)
Esri ArcGIS ArcMap v10.3.1
Federal Aviation Administration (faa.gov)
International Civil Aviation Organization (icao.int)
Lockheed Martin Prepar3D v4.2 (prepar3d.com)
Microsoft Excel 2016
Microsoft PowerPoint 2016
Navigraph FMS Data AIRAC Cycle 1802 (navigraph.com)

Plane Simple Truth — Clearing the Air on Aviation’s Environmental Impact (2008)
Precision Manuals Development Group Boeing 747-400 Simulation (precisionmanuals.com)
Professional Flight Planner X (flightsimsoft.com/pfpx)

Take-Off and Landing Performance Calculation Tool (flightsimsoft.com/topcat)
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