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Noise Model Analysis
Data Needs

Source Remarks

Airport characteristics
(runway information, runway grades, Airport authority Airport CAD files in DXF
orientation)
, , , Wind measurements used in the airport
Wind Rose and weather data Airport authority . P
master plan to derive runway use
. , , , Aircraft operations by individual aircraft
Air traffic data Air traffic service provider P y
types by runway use.
Arrival and departure procedures. Standard
Air traffic procedures Air traffic service provider terminal arrlv.al and departurg procgdures.
Any special procedures (i.e., noise
abatement, etc.). Information on how flight
. . . Needed if noise masking effects are expected
Terrain data Airport authority , ,
to play a role in the analysis.
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Integrated Noise Model Analysis
Data Needs (continuation)

Source Remarks

Load factor and aircraft stage length data to
Airline data Airlines model runway landing and takeoff roll
operations in the INM model
: : : Data is needed to draw realistic departure
Radar track data Air traffic service provider , cep
and arrival patterns to the airport
e . Data will be collected to verify takeoff and
Takeoff roll distributions Modeling team ; o verty
landing roll distributions
. - . . Expected number of runup operations
Runup operations Airlines/Airport authority P ) , P opP
(engine testing operations)
Noise data at points of interest for . Geo-refenced data of sensitive sites used for
L Modeling team oo
calibration model calibration

w
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The Punta Cana Airport (PUJ)
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Some Facts

e Runway 08-26 is the primary runway

e Runway 09-27 is seldom used (departure operations
overfly populated areas to the SouthEast)

® 98% of the time runway 08 is used for landings and
departures (wind prevails from the Ocean or from the

East)

u \.
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Punta Cana Airport
(to get you familiarized with the airport)

Punta Cana International Airport

North
Ramp

GA Ramp

o L
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Punta Cana Landside Terminals

MAIN ROAD TO BAVARO Bﬂg%}gp

ST < —n & SN ———

o Arrivals terminal e Domestic flights terminal

9 Tour buses and car main park ° VIP terminal

y M e Lower departure terminal e Supermercado Nacional

- Lafed | RASEAE Ji® oomsldesnackbar ’
2 L3 :

N 4 :
<13 o3 4,;,,.‘ . . S5 18 e Upper departure terminal
M 9 e 08, i c‘; I . & USA luggage screening Punta Cana

ey

International Airport

http://puntacanatv.com/wp-content/uploads/201 |1/03/punta-cana-airport-map.jpg
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Flight Paths In and Out of the Airport
® 98% of the operations occur from the West (landings
on Runway 08) 4 North
>
| East
Punta Cana i N
International dopartre  ATNaI3 | Depare e
. North (10 nm) e
Aireor e
/ ELéigi‘” AW 3.0 nm
Arrival 1 e Runway 26
(10 nm)
Runway 08 ciccnrer ~5 nm
Pad
R=1.5nm
Arrival 2
nm = nautical mile
J
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Night and Day Time Commercial
Operations at PU]

Typical Day Operations for Manual Calculations

Daily Operations Night Operations Day Operations Night Takeoffs Night Landings Day Takeoffs = Day Landings
Boeing 737-800 25.30 1.00 24.00 0 1 12 12
Boeing 737-200 0.90 0.00 1.00 0 0 1 0
Boeing 757-200 5.16 1.00 4.00 1 0 2 2
Boeing 767-300 6.49 1.00 5.00 1 0 2 3
Boeing 747-400 2.49 0.00 2.00 0 0 1 1
Boeing 777-200 1.49 0.00 1.00 0 0 0 1
Airbus A310 2.64 1.00 2.00 0 1 1 1
Airbus A320 18.81 1.00 18.00 0 1 9 9
Airbus A330 8.83 1.00 8.00 1 0 4 4
ATR72 5.62 0.00 6.00 0 0 3 3
MD-80 3.28 1.00 3.00 1 0 2 1
EMB-190 2.31 0.00 2.00 0 0 1 1
DC9-30 0.68 0.00 1.00 0 0 0 1

e 38 daily takeoffs, and 39 daily landings

e 4 night takeoffs and 3 night landings

(
o .
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General Aviation Night and Day
Operations at Punta Cana

Typical Day Operations for Manual Calculations

Daily Operations  Night Operations Day Operations Night Takeoffs Night Landings Day Takeoffs

Cessna C172 3.00 0.00 3.00 0 0
Cessna Citation Il Bravo 6.00 1.00 5.00 0 1
Gulfstream IV 3.00 1.00 2.00 1 0
Falcon 20 2.00 1.00 1.00 0 1
BAE Jetstream 31 10.00 1.00 9.00 1 0

@ VirginiaTech
Invent the Future

e Total of 24 daily operations

e 20 daytime and 4 night time
e 10 daytime takeoffs and 10 daytime landings
e 2 nighttime takeoffs and 2 nighttime landings

Virginia Tech - Air Transportation Systems Laboratory
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Step-by-Step Computer Noise Analysis
Using Integrated Noise Model

Virginia Tech - Air Transportation Systems Laboratory I
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Create the Punta Cana Scenario

® |NM uses a folder/scenario database approach

® (Create a new scenario and called it Punta Cana

Ry INM 7.0b

D= k?

pO|3 & ¢|% g
pe|leg 8 5 3
c 5 " @

Snapz Pro X
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Punta Cana Scenario Setup
INM uses a folder/scenario approach

INM uses a database approach to store
iInformation you supply

Study Setup [PUNTA CANA NOISE STUDY ]
K2
— Units Created

Purta Cana Internabonal Arport

Onign of Coordinates

Longtude (deg) | .68 363333

Elevabon [ft)

Airport reference point

:f'-ffﬂr 3 Sl coordinates

Virginia Tech - Air Transportation Systems Laboratory
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As you enter data into the INM model, the data is saved to a
database

Make sure you commit the record changes every time you
make a change

NiINM 7.0 - [Study C:\P«OGRAM FILESMNMZ.0MEXAMPLESYTEST50\simpleDCAStudy]
File N8 View Setup Jacks AcftType Civil Operations Run Output Window Help

[y  Commit Record AZtrl+Enter u K2
Revert Record  Ctrl+R J—u AI

Add Record Chrl+A

I (
Delete Records  Ctrl+Del
Conv Records  CtrieC Case |D (40 characters or less) Created
SRy FESRHS S \MD80Departure_Contours l
Description
ISlmulates departure contours for an MD 80
Airport Parameters
Temperature (F) | 57.9

Pressure (in-Hg) 2992

[ Modify NPD Curves

Headwind (kt) 8.0

Virginia Tech - Air Transportation Systems Laboratory 14
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INM Database Issue (2)

As you enter data into the INM model, the data is saved to a

database

To enter records to the INM database, you need to add a

record

Empty window

Needs a new
record

N1 INM 7.0 - [Study C:\PROGRAM FILESMNMZ.0AEXA2 <  ESYTES T50XSIMPLEDCASTUDY \simpleDCAStudy2Aircraft
File Edit View Setup Tracks AcftType Civi#ferations Run Output Window Help

DE& || +

M Output Setup

Virginia Tech - Air Transportation Systems Laboratory
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Punta Cana Scenario Runway Setup

® Here we define the runway at the airport to be
modeled

g INM 7.00 -:[5:u:J-_.'"\"?uh‘,':«(_.tN»"-:.F‘un'.a Cana Noise Study] Ai rPO r’t ru nway and helipad
D/ QS| v|of +[—| %|%[ K identifiers

For US airport studies, this

step
S = is not needed because
INM has 1500 airports in

its database

Virginia Tech - Air Transportation Systems Laboratory



Definition

the Punta Cana runway 08-26

' Punta Cana Scenario Runway End Points

¢ Here we define the runway lat/longitude points for

@ VirginiaTech
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08
b Y

Lat 18570294 Lomg 68 33305

Elevahon MSL (1)
Duplaced Thresholds

Appeoach [f) 0

Takeolf (i) 0
Gide Slope (deg) 30
Thiesh Crossng Heght (i) 50.0
Change in Headwnd (% 0.0

Run Wway

Cooednates

Lat  [18578092  Lomg

Elevation MSL (ft)
Diplaced Thresholds
Approach [t

Takeoff [t)
Gide Slope (deg)
Thiesh Crossing Height [it)

Change in Headwnd (%)

-68 354832

30

0.0

Runway 08 Runway 26

Virginia Tech - Air Transportation Systems Laboratory
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View the Runway Defined in Input
Graphics

® You can see the runway defined under the “Tracks”
pull down menu and Input Graphics

N1 INM 7.0b - [Study C:\PROGRAM FILESNINMZ.0BAEXAMPLESYJA
File Edit View Setup BIERSH AcftType Civil Operations Run  OQutput

’\'.I INM 7.0b - [Study AAPUNTACANA\PUNTA CANA NOISE STUDY) - (Input Graphics]

Di{uld] /[o] £1-] S ETR
CUSEIRIP AL A dl Rk | || 2] #]

Runway and Helipad Identifiers
Runway Ends and Helipads

Track Identifiers
Track Segments

Input Graphics

Punta Cana
runway

INM 7.0b Idle Mode 18.519809 -68.285050 lat/lon
it = . — — — -

Virginia Tech - Air Transportation Systems Laboratory 18
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Axis Setting for Improved View

® Define a grid to view your scenario under “View” pull-
down menu and Axis

DNV 7T Sty AVPUNTACANA PUNTA GANA NORSE STUDY) - rpuf Graghs] . ——— ]
? e dt (Vew | Setup Tracks ActtType Crd Opestions Mun Outpit ‘Window  Help
DI & Zeemk ol Setup Axis @
Zocm Ot i 2
AL

R

reneut Joom ;‘. ~ - DOt Glld

Zoom MHome

Center 4 v | Interval |5 nmi | Full Screen
nchs

Ring Display

L'”..!n - | Interval |2 nmi v Enable
_* 2 . ' Scaled Display

iy / Scale: 1to |1801 [~ Enable
Lat/Long Calcudaton.

| 0K | Cancel

Setup tan M Made 13614333 GE442577 sl leng

VEveERTOC R ™ ad

202 AaM
62012

Virginia Tech - Air Transportation Systems Laboratory 19



" View of Airport with Concentric Rings

(Helps Construction)

INM 706 - [Study AVPUNTACANA\PUNTA CANA NOISE STUDY] - [Input Graphaes]

DiS| WS /|5 +]-] x?

R R| & |7 |17 QA == ]| 4]

INM 7.0b

R
Setup Axiz

Dot Grd

Ring Display

Scaled Deply

Scae 100 [E7791

B ~| vieval [

[0 <] Imerval [

vl ¥ Ful Soeen

i W Enatls

™ Eratls

Idle Mode 18614

R veORTACEeE¥ ™ a0

247 AM

6672012
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Add Tracks to the Punta Cana Runway

Track points are always created in the order that the aircraft flies along the track

Adding departure | track

The first point in a departure track should be the runway end where aircraft starts its takeoff
roll (RWY 08 in this case) and second point should be the opposite end (RWY 26 in this case)

M INM 7.0b - [Study AAPUNTACANA\PUNTA CANA NOISE STUDY] - [Input Graphics]
0= «i& , ["=] ] W2
QA& 4|73 I 1 == X2 ]| #]
I

T .

Takeoff roll _ e .\
starts here End e ™

.
-J-.‘."_ -J:"_ * + 0_ ._.-'-" / =
} ‘ .

~ . | . b . b | b

Using these shortcuts ‘ a Track
* Runway 08 :

you can add or delete End Conios
‘|tracks or track points [ Bl

| With the help of grids
and rings you can add
"ltracks graphically

K Cancel

Virginia Tech - Air Transportation Systems Laboratory 21
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Input Graphics Functions

e /Zoom in, Zoom out, terrain, adding tracks, deleting
tracks are some of the options available

N1 INM 7.0 - [Study C:\PROGRAM FILES\INM7.0\EXAMPLES\TESTS50\SIMPL

File Edit WView Setup Tracks AcftType Civil Operations Run Output Window H

D||ui|&| /|5 +] [5] N2

Input Graphics

QQ&| 6145 |0l )= | x| 2+

Terrain
Add Track

Zoom Out Delete Track

Zoom In _
Add Points

to Track

Virginia Tech - Air Transportation Systems Laboratory 22



Virg}niaTech

nvent the Future

Adding More Complex Tracks to the
Punta Cana Runway

For more complex tracks like arrival 2 in PU], tracks can be added by giving
vectors as input. Vectors are defined by segment type (straight or turn) and

distance or radius (nm)
NOTE: vector tracks cannot be dispersed.This is a weakness about the

vector tracks.

— .~ —t

s J 5

Tracks Pull-down
Track Segments

Track Segments

MW

mfmﬁ i -m K GEVORIOEESR ™ 4y OO )

Virginia Tech - Air Transportation Systems Laboratory 23
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INM Types of Tracks

P-tracks (point tracks) = created interactively using
the Input Graphics function

V-tracks (vector tracks) = created by defining line
segments and circular arcs

V-tracks cannot be dispersed

P-tracks can be dispersed

V-tracks are more realistic in terms of aircraft turning
performance

Virginia Tech - Air Transportation Systems Laboratory 24
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A Note on Track Dispersion

® Dispersion of a track is to more realistically simulate
random profiles flown

e (o to Edit pull-down menu and select “Disperse
Track”

4
A= “ H IR AL
. Disperse Track
The dispersion is / e[ e P e
accomplished by specifying| 1 . Tt o ]|
the number . ] o o
o | v ,
of subtracks and their P-track
position from the original to be dispersed
track

Virginia Tech - Air Transportation Systems Laboratory 25



After Tracks Dispersion

e After track dispersion, the track is divided into n
segments

® Each subtrack gets a percentage of the traffic
loaded on the original track

Input Graphics

Dispersed
P-track

Fi
Q|Q|&| ¢ | 7% [K[Ral% =+ = |7 x| 2| #|
)| | | & N2 »
R & & g A=
Disperse Track
Oparaton Frran sy
Nrber of Subkacks __
o ]
Original -
P-track |
|

@ VirginiaTech
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Track Dispersion Notes (1)
® Tracks dispersion depends on many factors:

® Departure and arrival procedures (straight-in
and straight-out paths or turning paths)

® Fleet mix
® Navigation accuracy of aircraft
® Noise abatement procedures

® Generally, departures have more dispersion than
arrivals

Airport Planning and Design (Antonio A.Trani) 26a
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Example of Flight Track Dispersio
ORD Alrport nghttlme Arrlvals

Normal procedure: Striaght approaches
«from 7-10 miles(common approach length) -

source of data: Chicago Department of Aviation

Airport Planning and Design (Antonio A.Trani)
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Example of Flight Track Dispersion
ORD Airport Nighttime Departures: Runway 28R

b

Due to large variation of ..

aircraft performance
the flights tracks are
widely dispersed

5' Normal procedUre . After departure
(~4OO IOOO ft turn to 2900 headlng)

source of data: Chicago Department of Aviation

Airport Planning and Design (Antonio A.Trani)
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Example of Flight Track Dispersion
ORD Airport Nighttime Departures: Runway 28R

5w AR R |~ VRt TR W L]
o .mnx ..:1 g ---l. FaLTwe 9 Bl L miEry
- "

5+ Two miles from departure * 1T

2 .I H 2 ] . A ¢
end point, dispersion is

~ | mile across

0.65 miles across
. \

source of data: Chicago Department of Aviation

Airport Planning and Design (Antonio A.Trani)
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Example of Flight Track Dispersion
ORD Airport Nighttime Departures: Runway 28C

' fi" .: i S k AKX,
.+ One mile from departure A
end point, dispersion is -

0.45 miles across

%

By o
&g

&

Two miles from departure ¥.
end point, dispersion is
~ 0.6 mile across

&
2 P
4‘5‘7t y

-

source of data: Chicago Department of Aviation

Airport Planning and Design (Antonio A.Trani)
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Flight Paths In and Out of the Airport

4 North
>
East
Helicopter
PU nta Cana arri\I/aI and Arrival 3 Departure 2
. d rriva
International e 0. anm
. North (10
Alrport ern (1o nm / Departure 1
' (~10 nm)
~5 nm I'

ELEV. 11.300 (37 FT)

THR RWY 26
"'. 18°34'41.13"N
\ ) 68°2117.40° W 3.0 nm

Runway 26

Arrival 1 \ y
(~10 nm) : 5 18°33'48.947" N

y 68°2204.018" W

ELEV. 9.588 MMSL
Runway 08 Helicopter ~5 nm
Pad
R=1.5nm
Arrival 2

nm = nautical mile

Virginia Tech - Air Transportation Systems Laboratory 27
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Arrival Track 2 at Punta Cana

e Arrival Track 2 to Punta Cana International Airport

R.NM 706 - [Study ANPUNTACANAVPUNTA CANA NOISE STUDY) i — | 2 b e -
fle Eot Yew Sectup Irxcks AcftType Ll Ogentions RBun Qupuat Yindow Help
0| & /| x?
Ruwey |08
Track AAFF1 O |
foy= - 4 = [ Tograt Graphics
3 Q|Q|&| o o %K [ 2lals e ]| [ x]2
y S

. Departure Track . (blue) .
Endpsine © 0 e o

.segment-‘5 . . . . . . . . . na . . ¥ Rl . Stan .

Segment 1

Segment 4 Segment 3

Arrival Track 2 (red)
Vector Track

INM 7.0b ¥ : 3 Idle Mode 18643057 62407855 at/long

TO@EE e R

662012

Virginia Tech - Air Transportation Systems Laboratory 28



Arrival Track 2 at Punta Cana

e Step-by-step procedure to create Arrival 2 track (5 segments)

Arrivals should always begin in the airspace and end at the

runway threshold

Runway/Helpad |08 v |
Opesation
Track a0
Sub-Track 0 -
Peicent Operations 10000
Track Type
Deka Distance 0.0
Tra (
Rurmway II:S v
Track [!1 APP1T O -
Segment Number 1
Segment Type Straght -
Distance [nre) 50000

Track Segment |

Starts in Airspace

Straight segment
5nm

@ Virgin

Invent the Future

iaTech

Arrival Track 2 (red)
Vector Track

B Track Se

Jmen

Ruwezy 108 v}
Tack  [aaPP1 0 -

Segment Numbes 2
Segment Type ‘l elt-Tun
Tum Angle (deg) [ 150

Tum Radus (rmi) | 2.0000
Track Segment 2

Straight segment
Radius 2 nm

1
bz

Runway [EB

Track ‘-’a AFP1 O v

Segment Number
Segment Type Staght  ~|

Distance [nme) 11.0000

Track Segment 3
Straight segment
Il nm

Virginia Tech - Air Transportation Systems Laboratory
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Arrival Track 2 at Punta Cana (cont.)

e Step by step procedure to create Arrival 2 track (5 segments)
laal4 ARG
e o fo v oo S o v o o DepattureTrack b (blug).
Fe @ | | \// i
SRR SR ¢ e Nt el b v W G |
. = SR, AR ) ¢ sy, STt
/ :Segr:nen(:I
7 Track Segments = ® :r\ArrivaITrack?. (e, =
e B Vector Track Runway |08 z
lack  [AAPF 0 = Tick  [a4PP1 0 ]
1
;; Ty e . Z Segment Number 5
MEEE  corenTwe  [AghiTun <] | U [Seet <
Tum Angie (deg) 200 Distance [nm) 5.0000
Tum Badus [rm) | 1.5000
Track Segment 5
Track Segment 4 Straight segment
Right-turn 5 nm
Radius 1.5 nm
J

Virginia Tech - Air Transportation Systems Laboratory 30
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Adding Aircraft to the Scenario
¢ INM has a large database of aircraft

e Each aircraft has an engine associated with it

e (Consult airlines on which airframe/engine
combinations are used at the airport

Go to SETUP --> Civil Airplanes

-
Civil Airplane Setup
|N\-4 andard TI'!"A‘-‘J."&'".‘»“ '.:,lln’_w,l Covi ,'Llpl. e
767CF6 E.':.e.('g" m 'CF6 mu (737800 ””’L-:’-}?. |_|n H '-. 126
767JT9 Boeing 7 200/JTSD-7R84D A320-211 320-2 1 CFM5 [+)
777200 Bosng 7 1I'IFFI GES0-50B
777300 Lc-':sng '-’.-' AO/TRENTE92 Inchade —- >
A00.6228 -"«3 22R\PwW4168
A300B4-203 \ebus A30084-200/CFE-50C
AT10-304 .t:jn:_'- r.'...l,,[ l_v-»-- 30 C242 e~ Fiadse . .
313131 A31S1TIVAE V252245 sl Aircraft used in the study
‘-‘A. 320-232 A 33:-2'32'-."/_‘53/ A5
A3N-232 A321- “""""'""t-,:f
AT30-30 AJ30-01\GE CFE-B0 ETA2
A330-343 A330-343\RR T Drm 728
All aircraft
K neel

Virginia Tech - Air Transportation Systems Laboratory 31
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Setup a Case After Adding Aircraft

® |INM aircraft performance model is sensitive
to airport temperature

e Enter airport temperature and pressure

Case 1D (40 chatacters o less) Created

Dezcnphion

‘”u'. s the baselne case

Arpoel Patameters

Temperature (F) 589

Pressure [imHg) 2992

Modify NPD Curves

Headwnd (ki) | 8.0

Virginia Tech - Air Transportation Systems Laboratory 32
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(Setup a Scenario After Creating a Case

® Multiple scenarios can be used to
investigate variations of default parameters
in the model

Virginia Tech - Air Transportation Systems Laboratory 33
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Defining Aircraft Operations

This can be done in two methods based on available
aircraft operations data

1. By defining Civil Aircraft groups and specifying the
number of operations for each group

2. Specifying the number of operations for each
aircraft type

e Example: Two aircraft operating at the airport
(B737-800 and A320-211)

e Total operations is 80 per day (60 day and 20 night;
half of them arrivals and half departures)

Virginia Tech - Air Transportation Systems Laboratory 34
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Aircraft Operations (2)
Sample Operations

Day time operations
Aircraft | Arrivals(APP1) Arrivals(APP2) Departures(DEP1)

B737-800 6.5 8.5 13
A320 |9 6 17 Aircraft operations

| | are defined for each

arrival and departure

Night time operations track
Aircraft | Arrivals(APP1) | Arrivals(APP2) | Departures(DEP1)
B737-800 2 3 7 |
A320 15 35 3

After calculating the no. of operations for each aircraft and for each track (arrivals and
departures) and for day and night enter these numbers into Civil flight operations.
Go to Operations —> Civil Flights

Aircraft operations
are also distinguished between
day and night

Virginia Tech - Air Transportation Systems Laboratory 35
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Recall: Airport Tracks

Helicopter
Punta Cana avaland | [
. departure e
International paths go ~4nm '-
) North (10 nm)
AI rpo rt '.‘/ .‘II Depanure 1
(~10 nm)
~5nm ‘
/ Runway 26
. 3.0 nm
Arrival 1 Runway 08
(~10 nm) Helicopter
Pad
~5 nm
R=1.5nm

Arrival 2

Day time operations

Aircraft | Arrivals(APP1) Arrivals(APP2) | Departures(DEP1)
B737-800 6.5 85 13 |
A320 9 6 17

Night time operations
Aircraft | Arrivals(APP1) | Arrivals(APP2) | Departures(DEP1)

| B737—800. 2 ‘3 .7 |
A320 1.5 3.5 3

Virginia Tech - Air Transportation Systems Laboratory 36
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Aircraft Operations (3)
Boeing 737-800 on Arrival Track |

FRght Operations - [Case ] SR Aircraft type
Arcraft | 737800 ~€ Runwa)' — 08
Runay 02 : Operation =Approach
T Opecalion [P < Standard | profile
DEP-STANDARD1-DEF Profile D [STANDARD1  + APPI = Approach track
Track ID | APP1 - |
Number of Flights
Doy | BS00000 4 Aircraft operations
Evenng | 0.000000 o .
i Scsusees (day, evening and night)
For LDN metric we

/
Example: entering

operations for Boeing
737-800 on Approach
Track |

Operations can be decimal (non-integer)

do not need evening
operations

Virginia Tech - Air Transportation Systems Laboratory 37
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Aircraft Operations (4)
Boeing 737-800 on Arrival Track 2

Aircraft type
Arcraft | 737800 v < Runway = 08
S S . Operation =Approach
"\TH-"I“‘:‘[xl'::l;l'lf"}:.?)' R R R R Uperabon | APF v
rh’f;‘*‘ﬂ;;“;._ rf‘lfn?ma TS a0 [STED: — € Standard I PrOﬁIe
0 [£PF: APP2 = Approach track

T < Aircraft operations
| (day, evening and night)

/ For LDN metric we
Example: entering do not need evening
operations for Boeing operations
737-800 on Approach
Track 2

Operations can be decimal (non-integer)
J

Virginia Tech - Air Transportation Systems Laboratory 38



Aircraft Operations (5)
Boeing 737-800 on Departure Track |

APP-STANDARD1APPT
APP-STANDARD1-APF2
DEP-STANDARDIDEP1

VirginiaTech
m g}nl:}em the Future

Aircraft type
Runway = 08

Operation =Approach
Standard | profile

DEP .
STANDARD1 v [
DEP? .
of Fligt
13.000000 \
000000
7000000

DEPI| = Departure track

Example: entering

operations for Boeing
737-800 on Departure
Track |

Operations can be decimal (non-integer)

Aircraft operations
(day, evening and night)

For LDN metric we
do not need evening
operations

J

Virginia Tech - Air Transportation Systems Laboratory 39
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Flight Operations Summary

e Similarly enter the operations for all remaining flights

e Finally, check the total number of operations by
looking at the flight operations summary

AVPUNTA CANA NOISE STUDY]
AcftType Cuwil | Cgem'ions‘i Run  Qutput Window Help

| - | Civil Fl B
| (B[] | coirigne Coe e Scornovo [ -

Civil Runups...

r -~
View Flight Operations ]-’--'

Civil Group Percents..,

Airport Operations... .
irport Uperats Fight Operabons Fiter

View Calculated Flights Arcralt Dpesation Profile Rurway / Helpad Track

hht Oneratinne - I(ace 11 O iu’a,LL vJ

View Summary

Virginia Tech - Air Transportation Systems Laboratory 40



Summary of All Flight Operations Entered
in the Scenario

# ' Flight Operations Summary - [Case_1]

ACFT OP PROFILE S RWY TRACK S GHP DAY EVENING NIGHT
737800 A BRRERZERZ & RRRRABR2RR RRRERERE & 15.000000 0.000000 5.000000
737800 D &28&&&&E & BEREARZE Z22&ELEE & 13.000000 0.000000 7.000000
737800 & RRREELEE & REELRRRE RRRRELLE & 28.000000 0.000000 12.000000
A320-211 A QRRZ&RZZ & RRARRZZRZ R2R2RR2KERRZE & 15.000000 0.000000 5.000000
A320-211 D 2222888&& & Z&&ZZ22Z 222288EE & 17.000000 0.000000 3.000000
A320-211 & RRREELEE & REELRRRE RRRRELEE & 32.000000 0.000000 8.000000
RRRRRRRRREEE A R2222EER & 08 APP1 & 15.500000 0.000000 3.500000
&EEEEERRREEE A 2228&&&E & 08 APP2 & 14.500000 0.000000 6.500000
SEEEEERREEEE D 882&&EEE & 08 DEP1 & 30.000000 0.000000 10.000000
RRRRRRRRREEE D R222REER & 08 RR228888 & 30.000000 0.000000 10.000000
&EEREER2REEE A 2222&&EE & 08 &&228&EE & 30.000000 0.000000 10.000000
SEEEEEEREEEE & 88REE&EEE & 08 S88EEEEE & 60.000000 0.000000 20.000000
RRRRRRRRREARE & RRRRREER & 26 122211113 0.000000 0.000000 0.000000
&EEREER2REEE & Z22&&EAZ & OVF &&228EEE & 0.000000 0.000000 0.000000
SEEEEEEEEEEE D SZZEEEEE & ZELLEEEE Z22ZEEEE & 30.000000 0.000000 10.000000
RERRRRRRREEE A RRRRRRA28 & RRRRRRRE RRRRRREE & 30.000000 0.000000 10.000000
EGEEREER2REEE T Z22288EAE & ZRRZ222E 2222888&E & 0.000000 0.000000 0.000000
SEEEEEEEEEEE V SEZEEEEE & ZR8LEEEE Z222E&EEE & 0.000000 0.000000 0.000000
RERRRRRRRERE F RRRRRREE & RRRLRRRE RRRRLEEE & 0.000000 0.000000 0.000000
SEEREERRREEE X Z2228EAZ & ZRRZR22Z 222288EE & 0.000000 0.000000 0.000000
SEEEEEEEEEEE & ZZZEEEEE & ZE88EE2E Z2228E&EE & 60.000[2]0 0.000000 20.000000

Total operations (day and night)

@ VirginiaTech
Invent the Future
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the stage length flown

than a light aircraft

performance of the vehicle

A Side Note on Departure Profiles

e [NM contains aircraft performance equations that are sensitive to

e For the same aircraft type, a heavily loaded aircraft climbs slower

® A heavy loaded aircraft generates more noise because it flies
closer to the ground and the community below

e [NM uses up to 9 standard or ICAQ profiles to define the climb

E,E]Virg}niaTech

nvent the Future

Arcrait | 737800

Runway |08
APP-STANDARD1APPT ~—
APP-STANDARD1-APF2 Uperahon |DEP
DEP-STANDARD1-DEP

Yofile ID | STANDARD1
Track ID |DEP1
Number of Flights

Day | 13.000000
Evening | 0000000

Night | 7.000000

4

4
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Departure Profiles (2)

e Each profile represents a change in aircraft takeoff (or
landing) state at intervals of 500 miles

e Example: Boeing (McDonnell Douglas) MD-81 aircraft
e Standard profile 1 = flights less than 500 miles
e Standard profile 2 = flights from 500-1000 miles
e Standard profile 3 = flights from 1000-1500 miles, etc.

M Civil Flight Operations - [MDBODeparture]

Aircraft | MD81

Lel Lo

Runway | 01

DEP-STANDARD1-DEPO1
N

Operation | DEP

Led L

A flight from PUJ to
Charlotte in MD-81

would be 5o
defined as Standard vering |CADB

i
Proﬁle 3 STANDARD3

STANDARD4

Profile ID | STANDARD2

ICA0_4 1
ICA0_4 2

HTRETCAD 4 4
o|ICA0E 1
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If You Want to See the Aircraft Profiles
Flown by INM

e Go to CIVIL --> Profile Graphs

® Then select the graphs that you want to see for the
profiles in question

Profile Graphs Select Wsaoro

Case \MD80Departure |

Operation |DEP v
Runway | 01 LI
Aircraft | MDE1 L,

Select Profiles Graph Types

ICA0_B 1 v
ICAQ_B 2 IV Thrust-Setting
ICA0_B 3

ICAQE 4 .
STANDARD1 v Altitude [AFE)

STANDARD2

STANDARD3 v Airspeed [TAS)
STaANNARNA b/

0K | Cancel
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Sample Airspeed Profiles for MD-81

@ VirginiaTech

Invent the Future

Airspeed (kt)

300 <

250 -

200 -

-
[4)]
o

100 -

50 -

30 35 40 45 50 55 60 65 70 75 80 85 a0 a5 100 105
Track Distance (1000 ft)

[l sTANDARD1

[l sTanNDARD2

[ sTANDARD3
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Sample Altitude Profiles for MD-8]

@ VirginiaTech

Invent the Future

000

Zftitude (1000 ft)

10

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105
Track Distance (1000 ft)

[l STANDARD1

[ sTANDARD2

[l sTANDARD3

Virginia Tech - Air Transportation Systems Laboratory
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Setup Computational Grid

INM calculates LDN or

other noise metric levels at |

discrete points on a GRID
that you define

Then the models
iInterpolates logarithmically
to obtain equal LDN
contours

You define the grid as
follows:

Go to RUN --> Grid Setup

@ VirginiaTech
Invent the Future

Number of Ponts
J

Gnd Rotation Angle (deg) | 0.0
Tene Above o Delts Dose Metnic
* Fived Thieshold (48) | 850
Relative Thieshold

. Do Peicent of Time (k)

d Pc -
CONTOUR |
Gnd Type  |Contour -
Gnd Id ICONTOUR
Coordnates & XY O La/long
Gnd Ongn
(i) | 80000 Y (e | 80000
Ditance Between Ponts
| tneed) | 16 0000 I (nmi) | 16,0000
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Setup Computational Grid (2)

e For asmall airport the default o
(X-Y grid) values should be e
enough Gdld  [CONTOUR

\

. Coordnates & XY O La/lon
e |f the noise contours spread \ | -

% (i) ‘ -8 0000 Y [reni) ' 20000

Over a Iarge area then a Iarger Ditance Between Ponts
grid must be defined o) [T6000 i) [76.0000

Number of Ponts

+ ; ;
Grld center . Grid Botation Angle (deg) | 0.0
(_8’ _8) nm ¥ Tene Above o Dells Dose Metnc
* Fixed Threshold (dB) | 850

" Relative Thieshold

I 6 nm " Do Peicent of Time (b

“rl + \"4
| 4+

|6 nm—
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Run Options Setup

MVirg;niaTech

nvent the Future

After defining

the grid set up
Run Options

Go to RUN -->
Run Options

Th . v Do Cortours
IS m e n u / Contour
. Use Boundaty File
d efl n eS th e ~ Recuwsive Giid * Fiad Gnd
A elinemenl (o Fixed Spacing

noise metric to e [0
be calculated

Select contours”

| Do Populztion Paints
Do Locabon Points

Gnd
Do Standard Gnds
| Do Detailed Grids

Calculate Metncs
NEF
CNEL WECPNL
[ LAEQ | EPNL
[ LAEQD [~ PNLTM
LAEQN TAPNL

SEL CEXP
LAMAX LCMAX
| TALA | TALC
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Setup the Output for the Analysis

® \We need to tell INM the range of values of the
noise metric to be calculated

® (o to Output --> Output Setup

Output 1D 40 characters of less)

Metic [DNL ]

Contow Levels

/*" %0 Max[ 850 Inc| 50
Range Of LDN Oulput Type | OneScenano -

metric Va.l ues Scenano | Scenano_1 =
to calculate
(min, max, increment)
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We are Ready to Run the Scenario

® Add to the right-hand side window, the
scenario(s) you want to execute

e Use the include and remove buttons to add or
remove scenarios to your run

Run Start

Scenario | is ready to
run in this analysis
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Warning Messages

e |f this message is seen click OK
® These are just warning messages

® (Go to the Error&Warning file and check the
warnings just to make sure they are not serious
warnings.

INM 7.0b -

Flight paths were calculated, but there were waming messages.
See A\PUNTACANA\PUNTA CANA NOISE STUDY\Scenano_1
Error&Wamning file.
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Run in Progress

® Be patient, depending on the number of flights,
number of tracks and refinement level, the INM
model is doing numerous computations

Run Status

Scananos to Run Scenano Running

Scenano
Caze Runnng

Lase 1

Computng..
Scenanos Done FIXED PDINT GRID

Pescent Done

67

Abort |
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Examining the Output
e Goto OUTPUT --> Output Graphics

Contours

Contours need

more refinement
|"' (increase refinement
|'. level in Run Options menu)
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Examining the Area of Contours

e Go to OUTPUT --> Contour Area and Pop...

Run [ Qutput | Window Help

Qutput Setup
Output Graphics...

N : LEVEL OK POPULATION SQ.KM SQ.MI M.

Annualize Scenano... I 0

60.0 Y 0 7.104 2.743
Contour Points... 65.0 Y 0 2.610 1.008
= 70,0 Y 0 0.798 0.308
Contour Area and Pop... * 750 v 0 0.253 0.098
Area Contour Coverage... 80.0 Y 0 0.083 0.032

85.0 Y 0 0.023 0.009

SQ.FT

191.19
76.46
28.10

8.59
2.73
0.89
0.25

ACRES
4389.1
1755.3

645.0
197.2
62.6
20.5
5.7

Area and population (if a population file
was included in the analysis) of each

calculated contour

@ VirginiaTech
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Sample Output Graphics with TIGER file ===

e This also includes populations for each section of the map

@ VirginiaTech

Overlay

If a TIGER file overlayed is used you can display the ground
network over the INM contours
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Exporting the Results of INM

N1INM 7.0 - [Study C:\PROGRAM FILESVINM7.0\EXAMPLESATEST50\SIMPLEDCASTUDY \sim

f I t t FH Edit  View Setup Tracks AcftType Civil Operations Run Output Window Help
Use u O presen Close Study Ctrl+2 ﬂ

results in other | wcoess - P

Delete Non-essential Files. ..

a p p I i Cati O n S Print Setup... Crrl4+U ME‘

Scaled Printing... Lo
L 3 hY
Print Preview NN 'x\ LY

E t t Print... Ctel+P NN
X p O r O Export as DXF... I
Export as ShapeFile. .. CY R

AUtocad (DXF o Ex.port as MIF{MID...
file)

Export to a
Shapefile (for
GIS applications)
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Sample of Exported INM Contours to a
GIS Application

Invent the Future
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, WuisgnizTech
Sample of Exported INM Contours to
Google Earth

e Export to AutoCad and then create a graphic file than
can be overlayed in Google Earth
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Terrain Data and Noise Contours

e |f terrain data is available, INM can correct the noise
contours due to topographical effects

e Terrain files need to be in a specific format for INM to
read them

B S —r |
“| Areas of Substantial -
Difference withno |, &
Terrain Contour l ¢ ;
p o R

:"\ J X3 D :
S . __— E - 4 J - LY v e '
S ’ i
ey s S
BN . - -
| Airport Runway
§ e
v " r
- =
' ¥
= ;}’ .
il
\ oy /’(
\C; 3
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Getting the INM Model

e (o to the Syllabus Home page (http://128.173.204.63/courses/
ceed674/syllabus_ce_4674.html)

e Unzip the file and launch the setup application to install INM 7.0b

e \Works with Windows XP, Windows 7 and Vista

Notes 20a - INM Case Study (BCB)

Notes 20b - INM Detailed Example

Week : :
14 Pavement Design (Flexible Pavement) || INM BCB Files g 15 Model Link

Pavement Design (Rigid Pavements)

Optional Reading

Horonjeff and McKelvey
pages 719-771 (Ch.15)

To get the FAA INM Model
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