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RIEFER TO. ANA-220 AI Nc . JWU,, 06,0

SUBJECT: Los Angeles Simulation Model Results for Stage 1
Experiments

MRow. Program Manager, ANA-220

TO: Royal Mink, AWE-4

Enclosed is data package No. 6 for review by the Task
Force members. Data package No. 5 should accompany
this data package as a reference for the demand schedules
applied to the simulation model for the Stage 1 experiments.

Attachment A is a list of the Stage 1 and Stage 2
experiments. Attachment B contains the calibration of
the model which was redone to accomodate changes in the
model.

The Stage 1 experiments (&ttachment C) are arranged in
sets to illustrate various comparisons requested by the
Task Force members. VRF and IFR weather conditions
have been separated along with each configuration
(westerly, easterly and night time operations). Each
experiment contains a description of the-objective the
runway configuration, the related experiments and a
summary of the results. A link mode diagram is included
to illustrate the airfield changes noted in the experiment.

The results of the experiments are presented in the

following sets:

Set 1 - Experiments 1, 7, 7A, 7B, 11, and 13

Set 2 - Experiments 2, 3, 8, 8A, 8B, and 12

Set 3 - Experiments 6, 9, and 16

Set 4 - Experiments 4, 10, and 15

Set 5 - Experiments 5 and IOA

N/



A plot of the comparison data is provided at the end of
each set of experiments.

The Los Angeles Stage 2 Delay Experiments are summarized
in Attachment D of this data package. Link mode diagrams
are included which depict the airport layout for the
experiment.

JOHN VANDERVEER
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ATTACHMENT B

SIMULATION MODEL
CALIBRATION OUTPUT DATA

A. FLOW RATES 1
A SEE HOURLY SUMMARY (TABLE 1) AND

B. DELAYS
QUARTER HOUR FIGURES 1 TO 5

C. TRAVEL TIMES

Los Angeles International Airport

Los Angeles
Airport Improvement Task Force Delay Studies
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Table 1

Hourly Comparison of Output Data
for Simulation Model Calibration

Arrival Departure
Time Flow Rate Flow Rate

Data Model (sDp.) Data Model (S.D.)

1800-1900 50 148.5 (0.52) 51 49.8 (0.63)
1900-2000 34 33.5 (0.52) 53 5 .4 (1.17)
2000-2100 39 36.3 (0.82) 52 51.8 (1.22)

Average Arrival Average Fix to
Time Air Delay Threshold Travel Time

(minutes) (minutes)
Data Model (S.D.) Data Model (S.D.)

1800-1900 0.55 2.9 (0.42) 9.33 8.17 (0.'2)
1900-2000 0.74 0.71 (0.07) 9.69 0.0o4 (0.95)
2000-2100 0.57 1 0.62 (0.09) 9.75 9.76 (0.96)

Average Arrival Average Departure
Threshold to Gate Gate to Roll
Travel Time (minutes)Travel Times (minutes)

Time Data Model (S. D.) Data Model (S. D.)

1800-1900 3.56 3.68 (o.14) 8.82 10.08 (1.01)
1900-2000 3.96 3.63 (0.13) 10.93.1-,.43 (1.11)
2000-2100 2.87 3.61 (0.20) 8.63 8.24 0.46)

4

! 1



7

-~

ry

II
Ii

K

C

-I

'4'
1%

-. - - - %44

00' -J
C

%~

-

'(C.

.
I4J

'6

I-

'-V

0

Y~~4' ~ k' ~t~/ ,~)wy 7 '~o/~



8

It I

400

Y09C Y21VboO70 ' M2



9

.44

!x

it

ILi II

IV

X47'

q.m. Lv,

(', L.//)(W76



- - --

10

.. .. . .. . z .. . . . I I .. . . .. .i '• ii i i i i i



* - -. ~~--s-Y .~

ii.

q

4
0
0

I~L

II F
I, / - ti

'~ -J
'4

'U

N

- '4

WA

0



Ii I 12

114,

I I I

-a 4

IM -C

j 0
4

Or I

2 0 0aOva-a
W 0.. LC0 0$

aI c ' r L
1 0029

-k I&A



I 13

x I- I

J a cC J w "Ib3 :O b 00 0 2 V

CI

co at 0 I l f O34 0 P3
a 0 2 0 t ... :...... .I I .. .. *....I

I It

-. . p 2M' '

C 11
* - ~.k3



* I t - I i

,14

IejIr •o I I i

..: .. L. ..

I I*

1 I 1F

Iz b

Is -a

-4 G . . . a *5 c 2 L bc C. wSC c 4.



I ,I I i I 
-

I i I '15

1 4 A

SZv i t A

. w . A 74

I 
I 

w 3

0 - ,
• I

1. 2 L3 401 J- 4 AC i M A

6cI I 0I 0

C: 
I I

._ jI 1 , I I , II

Ki ft 2 ft i V t e

r 0 1 2 ZiI II I

II I i i 
-

.. . ." . . . . . .. ON

4C I.- 
4b II - , -I I

I- " r r i I S'r: i V I ;' . i fl *9 I" ' " l I""5° " II.I *..jo* : I*•.* .9 * •1 !* o.o , .. * 1 " ° 
"j. .j .l .1 I " *1 " .* : 1 l oj . I! .

- .! I I i . C F&.I I I I I I- 31 1

*t::==., r€¢©= p r / , : a.,l. ,= ,.-. ,O *l¢ :~rl : c ol--".cm • i 0~" l I0~ ,I•I ' l Iii IIi

I- C 0! F- !l _ ll.- Il ~ ~"Ii//r: " i / /*I* / t/ !1r
-~

-t 
* 1 !r. *t

I ; '" [ I I - "" I i

i--- I / - ! '/ ' !/--iiI I/ ! /!-rI * ,



I I

16

I I

I~ Z*

ii i.

Z .d

L 
*
- r -e l L aD *

W I 
-i I

f" [z rzi 4pr t-r -eI w z t. %P 1.
oto

d a inI

C..... * . . *~ ~mn * ...... ..... .... .. 1- :- *I' II*
; :I I I

. .. ...... ..I.... ... .. . . .. i.. 
. . .



I71lii'

iPi I,

I .
*- -4 I4O

ma * I.



' !- 18
tI i 1

I. 0

Z z

I 04

ii I I

I I

* i I I

I i

I I
I I

I , .

I I

, I

1 , i 1 C O "I



19

ATTACHMENT C

RESULTS of LAX STAGE 1 DELAY EXPERIMENTS

LOS ANGELES INTERNATIONAL AIRPORT

LOS ANGELES

AIRPORT IMPROVEMENT TASK FORCE DELAY STUDIES
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TABLE 3
INDEX of STAGE 1 DELAY

EXPERIMENTS SUMMARY OF RESULTS

ITEM TABLE EXPERIMENT NO. (TRAFFIC FLOW) PAGE

1 4 1 (Westerly) 222 5 1 25
6 7A " 27

S7B; 285 11 30

6 9 11 (rerun) 32
10133
11 23

9 12 2 (modified demand) "3
10 1 t
11 14. 8 143
12 15 8A 144
1 16 8B " 45

17 12 47
15 18 4 (Night Time) 55



LAX - STAGE 1

EXPERIMENT NO. I

Objective:

To obtain baseline delay estimates for the following runway
configuration in VFR-1 for 1978 demand.

ARRIVAL RUNWAYS DEPARTURE RUNWAYS

24R, 24L, 25R, 25L 24R, 24L, 25R, 25L

Related Comparison Experiments:

Calibration was performed using this configuration ("A")

Experiment 7 uses configuration "A" with 1982 demand.
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LAX - STAGE 1

EXPERIMENT NO. 7 (7A)(7B)

, Objective:

To obtain baseline delay estimates for the following runway
configurations in VFR 1 for 1982 demand. (+5%)(+15%)

To obtain delay estimates for 1982 with no improvements to
the airport.

ARRIVAL RUNWAYS DEPARTURE RUNWAYS

24R, 24L, 25R, 25L 24R, 24L, 25R, 25L

Related Comparison Experiments:

Experiment 11 is similar with an improved ATC system scenario
(1982) and the 1982 near-term improvements.

Prior Experiment 1 is similar for the 1978 demand.
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LAX - STAGE 1

EXPERIMENT NO. 11

To assess delays to aircraft in 1982 for the following runway
configuration in VFR 1 with an improved ATC system scenario (1982)
and the 1982 near-term improvements.

ARRIVAL RUNWAYS DEPARTURE RUNWAYS

24R, 24L, 25R, 25L 24R, 24L, 25R, 25L

Related Comparison Experiments:

Experiment 13 is identical less improvements #2 (high-speed
taxiway off runway 25L) and improvements #3 (strengthening
of the Sepulverda tunnel).

Prior Experiment 7 is similar without the noted improvements
and a 1978 ATC system scenario.
Prior Experiment 1 is similar without the noted improvements
and a 1978 demand and a 1978 ATC system scenario.
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LAX -STAGE 13

EXPERIMENT NO. 13

Objective:

To assess the delay impact to aircraft in 1982 for the
following runway configuration in VFR 1 with an improved(1982)
ATC system scenario and the 1982 near-term improvement less
improvement #2 and #3.

ARRIVAL RUNWAYS DEPARTURE RUNWAYS

24R, 24L, 25R, 25L 24R, 24L, 25R, 25L

Related Comparison Experiments:

Prior Experiment 11 is similar except improvements #2 and
#3 are included in run.
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LAX - STAGE 1

EXPERIMENT NO. 2

Objective:

To obtain baseline delay estimates for the following runway configuration in

IFR 1 for 1978 demand.

ARRIVAL RUNWAYS DEPARTURE RUNWAYS

24R, 24L, 25R, 25L 24L, 25R

Related Comparison Experiments:

Experiment 8 is identical except for a 1982 demand. Experiment 3 is similar

with IFR 2 weather conditions ( restriction on arrival runway use).
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LAX - STAGE 1

EXPERIMENT NO. 3

Objective:

To obtain baseline delay estimates for the following runway
configuration in IFR 2 with 1978 demand.

ARRIVAL RUNWAYS DEPARTURE RUNWAYS

24R, 25L 24L, 25R

Related Comparison Experiments:

Prior Experiment 2 is similar except for IFR 1 conditions.
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LAX - STAGE 1

EXPERIMENT NO. 8

Objective:

To obtain baseline delay estimates for the following runway
configurations in IFR 1 for 1982 demand.

To obtain delay estimates for 1982 with no improvements to
the airport.

ARRIVAL RUNWAYS DEPARTURE RUNWAYS

24R, 24L, 25R, 25L 24L, 25R

Related Comparison Experiments:

Experiment 12 is identical but with an improved ATC system (1982)
scenario and the 1982 near-term improvements.

Prior Experiment #2 is identical except for a 1978 demand.

z.i
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LAX - STAGE 1

* jEXPERIMENT NO. 12

Objective:

To assess delays to aircraft in 1982 for the following runway
configuration in IFR 1 with an improved ATC system scenario(1982)
and the 1982 near-term improvements.

ARRIVAL RUNWAYS DEPARTURE RUNWAYS

24R, 24L, 25R, 25L 24L, 25R

Related Comparison Experiments:

Prior Experiment #8 is similar except for the noted improve-
ments and a 1978 ATC system scenario.



47

31y 01Y

~HSMI l
0I I 1 '1%0%

'-II

IJ I'
n__ -

NtN

ag Za4

I I II

U3 ~ r4(

CAA

C4 C.

Fs.11dlrIralD. llCI 1
o-NY,~.. 1.6'1



48

YN A

N. \\\

I IV 1

.4z

ut'-7

-f a

400

4 I W)

70 r AO-- 7-tyY--!v-1



49

. .. C

. %. *1.

\

LN

--.-

IIll

,, Z

• Hz
• I ]X? ,, F wt



50

LAX -STAGE 1

EXPERIMENT NO. 6

Objective:

To obtain baseline delay estimates for the following runway

configuration in VFR 1 for 1978 demand for east operations.

ARRIVAL RUNWAYS DEPARTURE RUNWAYS

6R, 6L, 7R, 7L 6R, 6L, 7R, 7L

Related Comparison Experiments:

Experiment #9 is identical except for the 1982 demand.
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LAX - STAGE 1

EXPERIMENT NO. 9

Objective:

To obtain baseline delay estimates for the following runway
configurations in VFR 1 for 1982 demand for east operations.

To obtain delay estimates for 1982 with no improvements to

the airport for east operations.

ARRIVAL RUNWAYS DEPARTURE RUNWAYS

6R, 6L, 7R, 7L 6R, 6L, 7R, 7L

Related Comparison Experiments:

Experiment #16 is identical except for near-term improvements
#5, #7, and #8 and a 1982 ATC system scenario.

Prior Experiment #6 is similar with a 1978 demand.
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LAX - STAGE 1

EXPERIMENT NO. 16

Objective:

To assess delays to aircraft in two of the following runway
configurations in VFR 1 with near-term improvements #5, #7,
and #8 for east operations and a 1982 ATC system scenario.

ARRIVAL RUNWAYS DEPARTURE RUNWAYS

6R, 6L, 7R, 7L 6R, 6L, 7R, 7L

Related Comparison Experiments:

Prior Experiment #9 is identical except for noted improvements
to the airport and an improved ATC system scenario.

I
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LAX - STAGE 1

EXPERIMENT NO. 4

Objective:

To obtain baseline delay estimates for the following runway
configuration in VFR 1 for 1978 demand for nighttime
operations.

ARRIVAL RUNWAYS DEPARTURE RUNWAYS

6R, 7L 24L, 25R

Related Comparison Experiments:

Experiment 5 is identical except for IFR 1 weather conditions.

Experiment 10 is identical except for 1982 demand.
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LAX -STAGE I

EXPERIMENT NO. 5

Objective:

To obtain baseline delay estimates for the following runway configuration in
IFRI for 1978 demand.

ARRIVAL RUNWAYS DEPARTURE RUNWAYS

6R, 7L 24L, 25R

Related Comparison Experiments:

Experiment 10IA is identical except for the 198Z demand.



57

LAX - STAGE 1

EXPERIMENT NO. 10

Objective:

To obtain baseline delay estimates for the following runway
configurations in VFR 1 for 1982 demand.

To obtain delay estimates for 1982 with no improvements to
the airport.

ARRIVAL RUNWAYS DEPARTURE RUNWAYS

6R, 7L 24L, 25R

Related Comparison Experiments:

Experiment 10A is identical except for IFR 1 weather conditions.

Experiment 15 is identical except for near-term improvements
#5 and #7 and an improved ATC system scenario.

Prior Experiment 4 is identical except for 1978 demand.
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LAX - STAGE 1

EXPERIMENT NO. 1OA

Objective:

To obtain baseline delay estimates for the following runway
configuration in IFR 1 for 1982 demand.

To obtain delay estimates for 1982 with no improvements to
the airport.

ARRIVAL RUNWAYS DEPARTURE RUNWAYS

6R, 7L 24L, 25R

Related Comparison Experiments:

Prior Experiment 5 is similar with a 1978 demand.
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LAX - STAGE I

EXPERIMENT NO. 15

Objective:

To assess delays to aircraft in 1982 for the following
runway configuration in VFR 1 with an improved(1982) ATC
system scenario and near-term improvements #5 and #7
for nighttime operations.

ARRIVAL RUNWAYS DEPARTURE RUNWAYS

6R, 7L 24L, 25R

Related Comparison Experiments:

Prior Experiment 10 is similar without the noted improvements.
and aa improved ATC system scenarion.
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ATTACHMVENT D

LOS ANGELES STAGE 2 DELAY EXPERIMNTS

LOS ANGELES INTERNATIONAL AIRPORT

AIRPORT IMPROVMET TASK FORCE DELAY STUDIES
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LAX - STAGE 2

EXPERIMENT NO. 18

Objective:

* To assess delays to aircraft in 1982 for the following runway
configuration in VFR 1 with an improved ATC system scenario (1982)
and improvement #10 (taxiways).

ARRIVAL RUNWAYS DEPARTURE RUNWAYS

24R, 24L, 25R, 25L 24R, 24L, 25R, 25L

Related Comparison Experiments:

Prior Experiment #11 is identical except for improvement #10
(taxiway improvements).
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LAX - STAGE 2

EXPERIMENT NO. 19A

Objective:

To assess delays to aircraft in 1982 for the following runway configuration
in VFR 1 with terminal expansion.

ARRIVAL RUNWAYS DEPARTURE RUNWAYS

24R, 24L, 25R, 25L Z4R, 24L, 25R, 25L

Related Comparison Experiments:

Experiment #20 is identical except for an improved ATC system scenario.
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LAX - STAGE 2

EXPERIMENT NO. 20

Objective:

To assess delays to aircraft in 1982 for the following runway
configuration in VFR 1 with an improved ATC system scenario and
terminal expansion.

ARRIVAL RUNWAYS DEPARTURE RUNWAYS

24R, 24L, 25R, 25L 24R, 24L, 25R, 25L

Related Comparison Experiments:

Experiment #21 is identical except for remote parking for 20
aircraft at west end of airport in place of terminal expansion.

Prior Experiment #19A is identical except for a 1978 ATC system scenario



67

LAX - STAGE 2

EXPERIMENT NO. 21

Obiective:

To assess delays to aircraft in 1982 for the following runway
configuration in VFR 1 with an improved ATC system scenario and
remote parking for 20 aircraft.

ARRIVAL RUNWAYS DEPARTURE RUNWAYS

24R, 24L, 25R, 25L 24R, 24L, 25R, 25L

Related Comparison Experiments:

Prior Experiment #20 is identical except for remote parking for
20 aircraft at west end of airport in place of terminal expansion.
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LAX - STAGE 2

EXPERIMENT NO. 22

Objective:

To assess the delay impact to aircraft in (1982) for the following
runway configuration in VFR 1 due to the runway closure of 25R
during work on the Spulveda Tunnel.

ARRIVAL RUNWAYS DEPARTURE RUNWAYS

24R, 24L, 25L 24R, 24L, 25L

Related Comparison Experiments:

Prior Experiment #1 is identical except for closure of 25R for
tunnel constructionand a 1978 demand.
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LAX- STAGE 2

EXPERIMENT NO. 22A

Objective:

To assess the delay impact to aircraft in 1982 for the following
runway configuration in VFR 1 due to the runway closure of 25R
during work on the Sepulveda Tunnel with a dual taxiway system
around satellite 4.

ARRIVAL RUNWAYS DEPARTURE RUNWAYS

24L, 24R, 25L 24L, 24R, 25L

Related Comparison Experiments:

Prior Experiment #22 is identical except for a dual taxiway system
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LAX- STAGE 2

EXPERIMENT NO. 23

Objective:

To assess the delay impact to aircraft in (198Z)for the following
runway configuration in IFR 1 due to the runway closure of 25R
during work on the Sepulveda Tunnel.

ARRIVAL RUNWAYS DEPARTURE RUNWAYS

24R, 25L 24L, 25L

Related Comparison Experiments:

Prior experiment #2 is identical except for the closure of runway
25R for tunnel construction and a 1978 demand.
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LAX- STAGE 2

EXPERIMENT NO. 25 (25A)

Objective:

To assess delays to aircraft in 1987 for the following runway
configuration in VFR 1 with an improved I%87 ATC system scenario
and 1982 improvements plus the satellite terminal and/or remote
parking for 20 aircraft (1987 improvement package). Experiment #25A is
with g WVk£ kttJNWAYS DEPARTURE RUNWAYS

24R, 24L, 25R, 25L 24R, 24L, 25R, 25L

Related Comparison Experiments:

Prior Experiment #11 is identical except for the improvements
from 1982 to 1987 and the 1987 demand.
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LAX- STAGE 2

EXPERIMEINT NO. 24

Objective:

To assess the delay impact to aircraft in 1912 for the following
runway configuration in IFR 1 due to the runway closure of 25L
during work cn the Sepulveda Tunnel

ARRIVAL RUNWAYS DEPARTURE RUNWAYS

24R, 25R 24L, 25R

Related Comparison Experiments:

Prior Experiment # is identical except for the closure of runway
25L for tunnel construction and a 1978 demand.
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LAX - STAGE 2

EXPERIMENT NO. 26

Objective:

To assess delays to aircraft in 1987 for the following runway
configuration in IFR 1 with an improved 1987 ATC system scenarioand 1982 improvements plus the satellite terminal and/or remote
parking for 20 aircraft. (1987 improvement package).

ARRIVAL RUNWAYS DEPARTURE RUNWAYS

24R, 24L, 25R, 25L 24L, 25R

Related Comparison Experiments:

Prior Experiment #12 is identical except for the improvements
from 1982 to 1987 and the demand. (1987)
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