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shows the sectors 
after an ACF fa 
for each sector. 

would be controlled 
and the post-failure 

each 
capacity 

The New York, and Boston MCFs 1 be defined so they 
share common flying between airports in these 
areas may not affected by the ACF failure if they use 
MCF airspace 1 not receive EDCTs) under Visual 
Meteorological ) . Commuter aircraft may proceed 
Visual Flight Rules (VFR) up to the MCF boundary and call the MCF 
for a VFR c>r Instrument Fl Rules ( clearance 
the Control Area ( 

TABLE 1. ASSIGNMENT OF NY ACF SECTORS TO BACKUP FACILITIES 
AND SHORT TERM CAPACITIES AFTER ACF FAILURE 

ZOB ZBW ZDC DC MCF 

Sector Sector Sector 

34 = 35% 42 = 50% 9 = 5 PHL = 20% 
49 = 5 5' = 50% 10 = 50% ABE = 20% 
75 -- 50% 86 = 35% 11 = 25% WRI = 20% 
73 = 35% 35 = 3 25 = 25% 
91 = 25% 36 = 3 26 = 25% 
93 = 25% 50 = 30% 27 = 25% 
74 = 2 51 = 2 39 = 30% 

66 = 20% 55 = 30% 
92 = 25% 
67 = 55% 
68 = 55% 

Term (>36 hrs ) capacity of all en route 
sectors: 10 

New York TRACON facility several unique aspects. is the 
busiest of kind in the , handling over 1. 7 

1 operations in 1988 [3]. The facility serves 

service 
New York 
TRACONs ( 

11 

and Newark and scores of satellite 
control and en route 

area. referred to as the 
or N90, the fac consolidates several 

, Kennedy, Newark, and Teterboro), as the MCFs 
The FAA has been studying alternative plans for 
the New York airspace between the future ACF and MCF 

the relationships among the New York, Boston, 
the event of facility failure. 
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TABLE 2 • SCENARIO DEFINITIONS 

MCF CONFIGURATION 

Config. 1 . 2 . 3 
(N90) (N90,PHL,ABE, (N90,PHL,ABE, 

WRI) WRI , A.VP , RDG) 

ACF 
Failure 

MCF 
Failure 

ACF 
by Adjacent 
And Capitol 

MCF Backup 
NY ACF 

ACFs 
MCF 

ACF Backup 
by a cent 
ACFs 

NY ACF Backs 
N90, ABE; 

Capitol MCF 
Backs PHL 
WRI. 

NY ACF 

PHL,WRI 

traverse the failed boundary. 'ren minutes after failure the 
centers would start releasing fl to pass failed 
airspace, ensuring adequate spacing between the fl It was 
assumed that the adjacent centers would initial able to 
provide only 10 percent New York ACF normal capac The 
reduction in airspace capacity, in the ACF lure scenarios, was 
modeled by placing restrictions around the fa ed airspace 
boundary. 2 Therefore, the around the ACF was 
set to reduce the traffic flow to 10 percent. Also at 10 
after failure, EDCTs were activated and flights 
failed ACF were spaced e EDCT , reflecting 
capac Airport ) the a 

reduced 
within 

the :failed ACF were reduced ·to 10 of the normal VMC a 
capacity in the EDCT program. Departures were set the same 

as the AARs. The EDCT proqram was modified to exclude commuter 
fl whose destinat New York from receiving EDCTs. Since 
comm<.lters fly entirely the contiguous MCF airspace, 
EDCTs are not necessary. 

2 Trial simulation runs were made to dete1mine the feasibility of using reduced sector capacities instead 
of a re:;triction boundary to model the ACF failure event. Sector capacities simulate, more directly, the events 
being modeled and also restrain traffic intern~l to the ACF boundary, while the restrictions do not. As noted 
in section 1, however, sector capacities have not, in general, been used successfully in previous NASPAC 
studies. An attempt was made to circumvent the problem of inaccurate sector capacity values by usinB default 
throughput values for the ZNY sectors, obtained from a baseline run of the model, as the instantaneous and 
hourly :apacity values. Preliminary tests, hoHever, produced excessively high delays which were attributed to 
sector deadlock. This approach was, thereforE, abandoned. 
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~ICF 

3 
Failure of the Yorlt MCF was initially modeled by 

the levels shown in table 4; This methodology was used 
Restriction boundaries were not .used initially due to time 
modeling process Use of rest:cictions, h~"''"""~ 
both types of facility failur•~s represent an airspace m"'"""''""'mL p.cc•u.u•m and not an capacity problem. 
The restricti.on. boundary method was adopted and the results are in section 5. Results based on using 
reduced capacities ar•e presented in "'"'""'""u"" 
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3. SUMMARY OF EVENTS FOR MODELING FAILURE 

Time After 
Failure 

(Minutes) 

2 

4 

10 

40 

180 

All 
Departure 
Capacities 

Shut Down(1/HR) 

Turn On@lOO% 
(with EDCTs to 
ZNY APs) 

ZNY Inbound 
Restrictions 

DAY 1 

Shut Down ( 1/HR) 

Turn On@lO%* 

On@20%* 

Individual 
Sector 

ies 
(Table 2} 

ZNY 
Departure 

Shut Down ( 1/HR) 

stay Shut Down 

On@20% 
on a 

constraints) 

On@35% 
(based on a 
constraints) 

DAY 2 (Same as 180 

DAY 3 

Turn On@lOO% On@lOO% On@ 
th EDCTs to 

ZNY APs} 

*% of baseline tra ic flow rate 

Arrival 
Rate (AAR) 

100% for 
MCF 

20% at PHL, 
ABE, WRI, AVP, 
RDG for 1 

20% at RDG, 
AVP for opt 2 

EDCT To 
ZNY 

(limits air-
space use) 

On @20% 
(limits air-
space use) 

On @35% 
(limits air-
space 
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assumed 

b. 

(Short 

10/5 

of EDCT 

of New York satel 

a 

demand, 

12 

5% 
5% 

20/2 
20/25% 
N/A 
N/A 

code 

NY MCF 

to 

to the 

40% 
10/4 
20/25% 
20/25% 

for 

0% 
10/40% 

to 

are 



c. ACF current ARTCC 
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to occur at 

f. 

g. No of MCF and ACF are assumed. 
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and the need ·to balance other cancellations. The NASPAC model does 
not generally model cancellations. 4 For the Chicago ACF study, 
cancellations were implemented in the EDCT module of the 
preprocessor and a 2-hour cancellation time was used. The same 
algorithm and cancellation criterion were used in the present 
study: flights delayed more than 2 hours during the simulation 
were canceled. When a flight was cancelled, all subsequent legs of 
the flight were cancelled as well. 

In order to provide a common metric for comparison purposes, an 
attempt was made to express cancellations in terms of equivalent 
minutes of delay. The EDCT module was executed twice for each 
scenario: once with the cancellation code and once without it. 
The difference in total EDCT delay between the two conditions (with 
and without cancellations) was calculated. (The total EDCT delay 
is lower with cancellations in place, since the canceled flights do 
not receive EDCTs.) The difference in delays was divided by the 
number of cancellations to derive the delay-per-cancellation 
estimate. The cancellation-delay equivalence is dependent on 
capacity and other scenario-specific variables. Different 
cancellation-delay equivalences result from the different 
scenarios. This cancellation-delay equivalence was calculated for 
each simulated day for every configuration and is shown in table 5. 

While the 2-hour cutoff for cancellations is a simplification, 
MITRE found in the Chicago ACF study that the cancellation-delay 
equivalence did not vary much with the time at which cancellations 
were invoked. T'he same factor was investigated in the present 
study. EDCT runs were performed on the MCF failure 
Configuration 2, day 3. The following results were obtained. 

EDCT delay with no cancellations: 353613 minutes of delay 

EDCT delay with the following cancellation times: 

Cancellation Cancellation-Delay 

Time: Equivalence: 

1 hour 
2 hours 
3 hours 
5 hours 

*min = minutes 

668.6 min* 
682.2 min 
703.4 min 
729.3 min 

Cancellations will b4~ implemented in release R2. 

14 

(458 cancellations, 47374 min) 
(378 cancellations, 95744 min) 
(304 cancellations, 139790 min) 
(199 cancellations, 208478 min) 



TABLE BY SCENARIO 

Dsy 

641 minutes minutes 
1 

717 minutes 

Day 

minutes minutes 
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These results support the finding that cancellation delay 
equivalence does not vary much when the cancellation threshold is 
increased. There is a modest positive correlation between the two. 

4. 1. 4 Common Me·t:ric. 

11 Total system Delay" is used as a common metric for comparison 
purposes. It is calculated using the following formula: 

Total System Delay = [System Technical Delay + Total EDCT Delay + 
(Cancella1:ion-del Equivalence X Number Cancellations)] 

4.2 ESTIMATION OF AIRSPACE RESTRICTIONS. 

The reduction in airspace capacity was modeled as an inbound 
boundary restrict:ion. Depending on the configuration, the inbound 
boundary restrict:ion surrounded a specific area of the ACF or MCF. 
The three separate MCF configurations analyzed in this study 
resulted three sets of restriction boundaries. 

Using a restrict:ion boundary models the delays incurred by an 
aircraft the failed airspace; however, it does not model 
the arrival delays incurred by aircraft operating totally inside 
the airspace boundaries. It was assumed that the error associated 
with th limitation small. 

The flow rate across the restriction boundary varied according to 
the individual sector which abuts the ACF boundary, corresponding 
to the capacities in table 2. Flow rates used in the MCF failure 
were based on the capacities shown in table 4. These capacities 
were estimated by operational personnel from the affected 
facilities. Though flights are more likely to be vectored, slowed, 
or put in a holding pattern, for modeling purposes the flights 
wererestricted or held at the ACF boundary. This is an inherent 
limitation of the NASPAC model. Arriving aircraft within the 
failed airspace at the time of the failure were allowed to proceed 
and land. En route aircraft crossing the failed airspace were held 
at the boundaries of the failed airspace. Airborne aircraft within 
the failed airspace were allowed to exit. 

The initial step the development of the airspace restriction 
boundary was to establish a baseline or prefailure (normal 
conditions) maximum hourly throughput for each restriction line. 
This was accomplished allowing an unlimited number of aircraft 
to fly across a restriction line. The simulation was run and the 
maximum hourly throughput, or flow, measured in terms of aircraft 
per hour, was recorded. s value was then translated into an 
average spacing value (minutes trail between aircraft). The 
baseline spacing value was obtained by dividing the maximum hourly 
throughput for the restriction line into sixty. This value was 
then multiplied by the percentage restriction value to obtain the 
restriction or service rate for the restriction segment. 

16 
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cancel the same are not affected by the 
stochastic elements. The difference in total system delay between 
Configuration 1 and Configuration 2 far exceeded the stochastic 

among the stochastic runs for the same configurat 
reduced the need for an excessive number of runs to produce 

reliable results without major concern for statistical variability. 

was the different MCF 
failure. Multiple runs were 

delay was recorded. Table 6 
shows the results of the New York ACF failure across each of the 
MCF Table 7 shows the results of the New York MCF 
failure. These data { ) delay in minutes, the 
number of cancel technical delay in minutes. 
The system total of terminal delay (arrival 
and by standard in-trail restrictions, 
and aircraft at the New York ACF or MCF 

data are combined in common metric 
section 4.1.4. 

Table 8 Table" presents the 11 Total System 
period. S the MCF failure does not return 

to 100 original the time period 
modeled as does ACF failure, period is used 
for purposes. 3 days were actually simulated for 
each configuration 1 so the 60-day totals represent the sum of the 

for days 1 and 2 and 58 times the Total System 

For the ACF 1 u.re, 
when more TRACONs are 

are that delay 
the MCF. Results 

The general 
each day) 
and 3 
to 

across configurations ( 
2 for Configurations 2 

in delay in comparison 
1. The factor appears to be the inclus or 

of the Philadelphia TRACON in the MCF configuration. 
S Philadelphia in the MCF instead of the ACF 
Configurat 2, the EDCT was not As a , 
the number of cancellations between Configuration 1 and 

2 reduced ly 723 cancellations to 458 
cancel ) . Philadelphia is not metered EDCTs 
the additional loading and stochastic arrival pattern 
results increased system technical delay. Factoring 
cancel equivalence and EDCT delay yields the expected 
results. 
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1 

2 

3 

375 Cancellations 
13426 min EDCT D'elay 

::::: 

747626 min T.D. 
982 '-il§ltlU,llliUIVl!JI:> 

224648 min T .D. 111 

"'TedmJcal 

7. MCF 

444 Cancellations 
24217 min EDCT Delay 

**::::: 

852889 min T .D. • 
1212 Cancellations 
54594 min EDCT Delay 

1654075 

323041 min T.D."' 
378 Canceilations 
95744 min EDCT Delay 

444 Cancellations 
24404 min EDCT Delay 

:::612274 

844140mln T.D."' 
1212 Cancellations 
55137 min EDCT 

1668897 

"'n'""""'""" min u~~::~''""~•w~; on secnario x number 
cancel.llnlOllSJ+ EDCT 
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Action 

Rando 
Event 

el 
MCF 
failure 

ez 
ACF 
failure 

Totals: 

MCF/ACF Ratio: 

TABLE 8. DECISION TABLE 

al 

Implement Config 1 

22,657,085 minutes * 

21,012,446 minutes* 

43,669,504 minutes 

1.08 

a2 a3 

Implement Config. 2 Implement Confi,g. 3 

41,507,842 minutes* 44,.580,107 minutes* 

6,743,767 minutes>~< 13 minutes* 

"Deby "'To!.Ol Sy"""" Deby*$ for Day I + TSD Ufoo- Day 2 + (TSD*"for Doy 3) •SB 

•• To!.Ol Sy"""" Deloy = To!.Ol SY"""" Tedmic.ol Deloy + EOCT Deloy + 
(Number of C~oos • Cm<>ellmtioo-Deby Equivmlencc for each scenario) 

4,8,251,609 minutes 51,293,213 minutes 

6.15 

23 



and 
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As a result, EDCT delays decrease 
as 
destined for these airports were ever delayed more 
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airports, technical not 

For the MCF 

The 
exceeds 
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for each 
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APPENDIX 
SUMMARY RESULTS BY NEW YORK AREA AIRPORTS 
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1~PPENDIX C 
SYSTEM TECHNICl\.L DELAY STOCHASTIC RUNS 
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