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PREFACE 

The operational requirements for flow control automation were 

proposed without quantification of anticipated benefits. The 

purpose of this report is to assess the benefits of the present 

flow control automation systems and to ascertain any additional 

or increased benefits due to a more accurate future system. 

Appreciation is expressed to John R. Coonan, Paul M. 

MacDonald, and Manuel F. Madeiros for their contribution to 

this study. 
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EXECUTIVE SUMMARY 

This report presents the results o£ a benefit analysis of the 

present and planned automated systems supporting Central Flow 

Control operations in the Air Traffic Control Systems Command 

Center (ATCSCC) of the FAA. 

The present and potential benefits of the systems were 

analyzed and are described in this report. It was determined that 

the basic quantifiable benefits of the systems are fuel savings 

resulting from the implementation of Fuel Advisory Departure (FAD) 

procedures. 

In order to quantify fuel saving benefits the delays exper 

ienced by arrival traffic at the major airports in 1975 were 

examined in detail. The actual data for specific days, which 

would have been applicable to FAD procedures, were then gathered. 

The data were for four of the major airports (Atlanta, J.F. 

Kennedy, LaGuardia, and O'Hare). 

The presently operational Airport Information Retrieval 

System (AIRS I) is a computer program which predicts future 

demand, landing delays, air hold counts, quota flow assignments, 

and FAD assignments in selected terminal areas. A version of this 

program was modified at the Transportation Systems Center and used 

as a simulation tool to derive estimates of the potential fuel 

savings that would have accrued if FAD procedures had been used 

throughout the year. 

A Benefit Analysis Simulation (BAS) was then developed to 

quantify the potential long term benefits of AIRS I and the 

advanced operational system. Traffic forecast data were used in 

estimating the FAD procedure benefits through 1990. Because major 

delays are primarily caused by random unforeseen incidents (e.g., 

snow on runways, winds, thunderstorms, accidents) it was assumed 

that the number of delay days per year was constant through 1990. 

Fuel saving benefits in both gallons of fuel saved and their 

dollar value were then derived. The dollar value of the benefits 

XI 



was derived using standard present value techniques, with a dis 

count rate of 10 percent. 

Three different FAD procedure criteria were simulated to 

derive the benefits: 

1. The present AIRS I, which detains aircraft on the ground 

so their airborne delays will not exceed 48 minutes. This is 

imposed on all aircraft departing within 2.5 hours of the impacted 

airport. 

2. An advanced system option the same as AIRS I except the 

airborne delay time is reduced to 30 minutes. 

3. An advanced system option with the 30-minute criterion 

covering all aircraft within the continental United States (CONUS), 

The estimated benefits of the above for 1977 through 1990 are 

shown below. 

Xll 



1, INTRODUCTION 

The National Airspace System (NAS) is a semiautomated system 

installed in 20 Air Route Traffic Control Centers (ARTCC's). The 

computation and communication cost of this system are in the 

millions of dollars. Prior to 1970, each center had a tendency to 

act in an independent manner during adverse conditions, imposing 

restrictions on each other which at times had a detrimental effect 

on the entire system. 

In order to alleviate this problem, the FAA established the 

Air Traffic Control System Command Center (ATCSCC) in 1970 to 

oversee the flow of aircraft among the centers. Its primary 

objective is the balancing of national air traffic flow to minimize 

delays without exceeding controller and airport/airspace capacity. 

During the past 5 years, an evolutionary process of increasing 

flow control automation has occurred at the ATCSCC. In the fall 

of 1970 automation for data retrieval at 14 airports was initiated. 

The data retrieved were typical daily arrival scheduled times 

derived from the Reuben H. Donnelley Corp.-Official Airline Guide 

tapes. The first operational implementation of the Airport Infor 

mation Retrieval System (AIRS I) was in January 1972. This system 

was implemented on a time-shared computer. The system was initial 

ly limited to the retrieval of the actual daily arrival scheduled 

times from the Rueben H. Donnelley Corp.-Official Airline Guide 

tapes. Evolutionary additions and improvements to AIRS I have 

continued, the major ones being: 

a. Advanced Flow Control Procedures (AFCP) , implemented in 

July 1972 

b. Quota Flow, implemented in February 1973 

c. Fuel Advisory Delay (FAD) procedures, implemented in 

February 1974 

With the installation and constant improvements to the AIRS I 

flow control system the ATCSCC personnel have been able to assume 

more responsibility in managing traffic flow between adjacent 



centers and to react more rapidly and efficiently in the solution 

of flow control problems. 

The next major step will be the implementation of an advanced 

flow control system on a dedicated 9020A computer. This system 

will provide a real time interface to the ATCSCC and the 20 

ARTCC's. The result will be timely, complete dynamic data on key 

position reports of enroute aircraft, reroute information, and 

diversions and cancellations of flights. These automation enhance 

ments will result in a more accurate and efficient ATCSCC flow 

control system and an increased credibility with the users of the 

ATC system. 

The purpose of this study was to define the benefits of the 

present AIRS I and the advanced flow control system and to quantify 

these benefits where possible. 

It was determined that there were two areas where the benefits 

of the automated could possibly be quantified: 

1. Fuel savings which would occur if FAD procedures were 

imposed. 

2. Savings to the users due to the reduction in the number 

of flight disruptions (cancellations, diversions, and overflights). 

It was decided that only the benefits of fuel savings due to 

the imposition of FAD would be quantified. The reasons for this 

were twofold: 

1. Although a strong case can be made that flight disruptions 

would be lessened because of the imposition of either Fuel Advi 

sory Departure of Quota Flow procedures, no credible number could 

be quantified. 

2. The fuel saving benefits due to the imposition of FAD are 

high enough to justify the expenditures involved in the operation 

of AIRS I and the development/operation of the advanced system, 

thereby satisfying the objectives of the study. 

In order to quantify the fuel saving benefits the AIRS I 

program was selected as the simulation tool, since it is the most 

timely source of delay predictions; it has valid, readily available 



data and can predict delays under flow control procedures. The 

AIRS I program was modified to include an option for the calcula 

tion of fuel consumption savings when FAD procedures are imposed. 

Because of the large number of simulation runs required, a new 

Benefit Analysis Simulation (BAS) was developed and verified from 

cases run using AIRS I as the simulation tool. 

In order to quantify the fuel saving benefits actual data were 

collected from the ATCSCC for the most serious arrival delay con 

ditions during the first 11 months of 1975 for specific days and 

airports. These data were then reviewed, and a total of 68 cases 

at 4 airports were deemed applicable for the simulation of FAD 

procedures. 

The above data were then utilized for the capacity and demand 

information inputs to the two simulations. Information from air 

lines and manufacturers was used to determine the actual fuel con 

sumption rates for various categories of aircraft. These data were 

entered into the benefit analysis option of the AIRS I and the BAS 

Programs. 

FAA demand predictions were used in order to quantify the FAD 

benefits through 1990. Simulation runs were made for both systems 

through 1990. Simulation runs were also made to determine the 

sensitivity of the results to future demand predictions, diurnal 

distribution of traffic, and capacity. 



2. SYSTEMS DESCRIPTION 

A brief description of the present AIRS I operational system ? 

and the advanced system is presented below. More detailed informa 
tion appears in Appendixes C and D. 

2.1 AIRS I OPERATIONAL SYSTEM 

The AIRS I system is a computer program based upon an airport 

traffic information data base and designed for use by the FAA's 

Central Flow Control (CFC) Facility. The program is on a time-

shared PDP-10 computer system. The biweekly Official Airline 

Guide (OAG) data tape from the R.H. Donnelley Corporation consti 

tutes the main data base. This data base is enhanced by operator 

input from the ATCSCC. This input consists of flight schedule 

updates, Airport Reservation Office updates, and airport operation 

al data such as landing capacity estimates, departure delays, and 

general aviation estimates as a percentage of scheduled traffic. 

The AIRS I programs utilize this data base to compute the 

future demand, landing delay, air hold counts, quota flow assign 

ments, and FAD assignments in the selected terminal areas. The 

FAD threshold used with AIRS I is 48 minutes of airborne holding; 

that is, for any predicted delay greater than 48 minutes the delay 

time in excess of 48 minutes is assigned as a ground delay. 

2.2 ADVANCED CENTRAL FLOW CONTROL SYSTEM 

The computer for the advanced flow control system will be an 

IBM 9020A computing system located at the Jacksonville (JAX) 

ARTCC. It will provide data processing support to the ATCSCC 

located in Federal Office Building 10A in Washington, D.C. 

A dedicated communication interface between the input/output 

devices at the ATCSCC and the JAX CFC computer will provide for 

rapid exchange of CFC message queries and responses. Data communi 

cation channels between the CFC computer and the NAS en route 

center computers will also be established using a store and for 

ward concept. jr 



The "basis CFC reference data base is the same OAG tape as used 

in AIRS I. An off-line configuration of the CFC computer system 

(batch processing) will be used for the biweekly update. The NAS 

en route computing system will augment this OAG-derived data base 

in real-time with flight-related messages via the store and forward 

communication system. These messages are simply position and 

flight progress reports by flight identification. The FAD thresh 

old used with the advanced system will be 30 minutes of airborne 

holding. 



3. BENEFITS OF THE AUTOMATED FLOW CONTROL FUNCTION 

3.1 INTRODUCTION 

The present AIRS I and the advanced automated systems capa 

bilities have been reviewed and a number of benefits identified. 

Many of the benefits cannot be directly quantified, but they 

nevertheless contribute to the enhancement of the National Aviation 

System. The major enhancements are: 

a. Equitable and timely distribution of both air and ground 

delay times. 

b. Predictive tool to alert users of delays and their 

length 

c. Distribution of airborne holding aircraft for more 

efficient stacking and sequencing and to permit en route aircraft 

to "fly through." 

d. Smoothing of traffic, resulting in a distribution of 

traffic peaks. 

e. Reducing cancellations and diversions due to holding air 

craft on the ground and giving the user the option to cancel or 

divert flights when alerted to the length of the delay. 

The benefits of the automated systems are discussed in detail below. 

3.2 BENEFITS OF FUEL ADVISORY DEPARTURE (FAD) AND QUOTA FLOW 

CONTROL (QFLOW) PROCEDURES IN REDUCING AIRCRAFT OPERATING 

EXPENSES 

The most obvious benefits of the automated system are in the 

implementation of FAD and QFLOW procedures. The procedures pre 

sently in use are delineated in "Flow Control Procedures," Federal 

Aviation Administration Order 7210-7C, Jan. 8, 1976. 

The imposition of these procedures is predicated on an actual 

airport constraint, such as equipment failure, weather phenomena, 

or other factors, that significantly reduces the airport's accept 

ance rate with delays predicted for an extended period of time. 



Briefly, FAD procedures are designed to reduce aircraft 

operating expenses by absorbing a portion of the predicted delay 

on the ground; QFLOW procedures are designed to saturate safely the 

arrival center and adjacent center airspace to keep a constant 

demand pressure at the arrival airport. QFLOW procedures can also 

involve the imposition of ground delays. 

This study quantified only the reduction of aircraft operating 

expenses due to the imposition of FAD procedures, since both FAD 

and QFLOW procedures are applicable to the same delay conditions, 

and FAD procedures result in higher benefits. 

The Civil Aeronautics Board (CAB) publishes operating costs 

of aircraft operated by the U.S. certified route carriers for 12-

month periods. The operating costs are tabulated by block hours 

and are divided into the categories of flying operations, mainten 

ance, and depreciation/rentals. Only the first two categories have 

potential as cost saving, because of the implementation of FAD 

procedures. In order to determine the potential benefits to be 

derived from the application of FAD procedures to these pertinent 

costs, discussions were held with airlines, user organizations, an 

aircraft manufacturer, and an engine manufacturer. The results 

are discussed below. 

3.2.1 Flying Operations 

The dominant costs of flying operations are those of crew and 

fuel. In 1974 crew and fuel costs constituted more than 98 percent 

of flying operation costs. By 197 5 trade publications indicated 

this figure had increased to 99 percent. 

3.2.1.1 Crew Costs - Telephone discussions were held with 

representatives of the Air Transport Association, the Airline 

Pilots Association, and various airlines. The general consensus 

was that crew costs should be considered the same whether an air 

craft is holding in the air or at the originating airport. There 

fore, no differentiation was made between crew costs while holding 

on the ground or in the air in this study. 



3.2.1.2 Fuel Costs - Fuel costs obviously are the major cost 

differential between holding on the ground and in the air. Telephone 

conversations were held with several airlines in order to obtain 

typical holding fuel consumption rates. At O'Hare one airline 

stated that they used 15,000 ft. as their typical holding altitude 

for fuel consumption estimations. The estimated holding fuel 

consumption rates for a second airline were slightly higher. 

A review was then made of aircraft's holding performance 

curves and charts. These data indicated that the holding fuel 

consumption rates obtained from the airlines were approximately at 

the various aircrafts' gross weight midpoints. 

For consistency in this study all fuel consumption rates were 

extracted from the performance data at a holding altitude of 

15,000 ft and at the midpoint gross weights of performance curves 

or charts. To be conservative the minimum holding fuel consumption 

rates delineated were used. The selection of the midpoint gross 

weight for each aircraft type appears to be the logical choice for 
the following reasons: 

a. It agrees with the data obtained from the airlines. 

b. The stage lengths of the flights will be of various 

lengths, resulting in various aircraft gross weights in the ter 

minal area. 

c The aircraft loads (passenger and cargo) will vary, result 

ing in different gross weights. 

d. The aircraft gross weight will vary dependent on whether 

a scheduled refueling is to be made at the terminal airport. 

For the purpose of this study it was assumed that the taxi/ 

idle ground fuel consumptions were equivalent whether the aircraft 

had an imposed FAD ground delay or takeoff occurred at the original 

scheduled time. This assumes that the taxiway queue times at the 

end of the FAD ground delay and the originally scheduled time 

frames were the same, and the aircraft remained at the gate. 



Therefore, the decrease in airborne holding time will result in the 

FAD.fuel saving benefits when multiplied by the holding fuel con 

sumption rates. 

3.2.2 Maintenance 

A .study was made to determine if a difference between main 

tenance costs while airborne holding vs. holding on the ground 

could be determined. Several airlines were contacted. The con 

census was that there would be no difference between maintenance 

costs based on whether an aircraft was holding in the air or on 

the ground. 

If any appreciable maintenance cost differential existed 

between holding in the air or on the ground it would be in engine 

maintenance costs. As a further check discussions were held with 

representatives of an engine manufacturer. They stated that the 

major maintenance costs associated with engines are in the takeoff, 

climb, and cruise portion of a flight, with the first two phases 

predominant as far as engine life. They estimated that the descent 

and holding phases contribute less than 1 percent of engine main 

tenance costs; idling on the ground contributes less than 0.5 per 

cent. In addition, engines are no longer cycled for maintenance 

on the basis of airborne hours. A variety of engine parameters 

are constantly monitored, and these parameters determine when an 

engine should have major maintenance. Therefore, it was their 

recommendation that no engine maintenance cost differential be 

used in this study. 

As a result, maintenance costs differentials are not consid 

ered as quantifiable benefits of FAD. 

3.2.3 Conclusions 

The only quantifiable benefit of aircraft operating costs is 

the reduction of fuel consumption due to holding aircraft on the 

ground during FAD. 



3.3 FLIGHT DISRUPTIONS 

In order to determine the effects of flow control on cancella 

tions, diversions, and overflights an attempt was made to develop 

an algorithm based on such factors as fuel reserves, accumulated 

flight time, and delay time. In October 1975 the author visited 

the central operations/dispatching offices of two airlines. The 

development of such an algorithm was discussed and their represen 

tatives did not consider such an algorithm feasible. Flight dis 

ruption decisions were made by experienced airline dispatchers. 

The decisions to order a flight disruption were multilateral in 

nature. Some of the factors involved included 

a. What is the amount of fuel reserve? 

b. What is the predicted length of the delay? 

c. What is the need of the aircraft on other routes? 

d. Is the crew scheduled to take a new flight from the 

destination airport? 

e. Because of the announced delay will the scheduled passen-

gers have switched to a competing airline for the next flight 

stage? 

f. Can other flights be rescheduled for more efficient use? 

If present flow control procedures were in common use it is 

felt that a reduction in the number of flight disruptions would 

occur. With the implementation of the advanced flow control a fur 

ther reduction could be expected because of its greater accuracy, 

and in turn, more credibility to the users. Since no actual data 

exist on the reduction of flight disruptions due to flow control 

procedures and considering the factors discussed above, the reduc 

tion in flight disruption have not been considered as a quantifi 

able benefit in this study. 
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QUANTIFICATION OF FAD PROCEDURE BENEFITS 

4.1 INTRODUCTION 

The first step in quantifying the benefits of FAD procedures 

was the development of a simulation tool. The present AIRS I 

system was modified and used for the original simulation runs. 

Because of the number of runs required and the costs and time 

involved in utilizing AIRS I as a simulation tool, a Benefit 

Analysis Simulation (BAS) was developed. Selections of cases to 

be run and sensitivities of the simulations to input parameters 

were determined. The BAS was verified and used as the basic 

simulation tool. Parametric runs were than made as functions of 

FAD procedure criteria, and finally, sensitivity runs were per 

formed. The results are presented in the following sections. 

4.2 SIMULATION DEVELOPMENT 

4.2.1 Modification of AIRS I 

The presently operational Airport Information Retrieval System 

(AIRS I) was modified to include an option for the calculation of 

fuel saving benefits due to the imposition of FAD procedures. 

Briefly, the initial program retrieves the actual hourly scheduled 

aircraft and estimates of general aviation traffic, including 

Airport Reservation Office (ARO) updates, from its data base. 

Estimated hourly airport arrival capacity and an allowable terminal 

area delay time are entered. The program then calculates the 

estimated terminal delays for all aircraft. Based on the estimated 

time of departures from the originating airports, ground delays 

for each individual aircraft are calculated so each aircraft will 

be delayed in the terminal area by the entered hourly terminal 

delay. The additional option calculates the fuel saving benefits 

for eight categories of aircraft. The outputs include by aircraft 

category the number of aircraft delayed, the total delay time, the 

ground delay during the FAD period, the fuel savings in gallons, 

the dollar savings, the number of aircraft delayed on the ground 
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during the FAD period, and the number of aircraft delayed (air and 

ground) during the FAD period. Aggregations of these figures are 
also included. 

The fuel consumption rates used are listed below: 

CATEGORY GALLONS PER MINUTE 

4-Engine Wide Body Jet 50 3 

3-Engine Wide Body Jet 29 0 

4-Engine Regular Body-Stretched Jet 25.3 

4-Engine Regular Body Jet 22 8 

3-Engine Regular Body Jet 15 g 

2-Engine Regular Body Jet 11#0 

Turboprop , -

All Others 
1.0 

For simplicity in running simulations one fuel consumption 

rate is used for the majority of the general aviation aircraft. 

The total savings for this category contribute approximately 0.1 

percent of the total fuel savings, a figure of essentially no 

significance. Also, General Aviation two-engine jets have been 

included with the two-engine airline jet category. In a typical 

run this entire category contributes about 20 percent of the total 

fuel saved. The number of small general aviation jets included 

has very slight significance on the results because of the percent 

included in the category and the offsetting result of higher-fuel 
prices vs. lower fuel consumption. 

Cost savings for the first seven categories were based on a 

fuel cost of $0.31 per gallon. The "All Other" category fuel 

savings was based on a fuel cost of $0.70 per gallon. 

4'2'2 Development of the Benefit Analysis Simulation fBAS^ 

A number of simulation runs were performed using the AIRS I 

as the simulation tool. The BAS was then developed in order that 
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a large amount of runs could be simulated in a rapid and efficient 

manner. A description of the BAS and its verification as a sxmula-

tion tool are contained in Appendix B. 

The BAS was used in generating all the results presented in 

the following sections. 

4.3 SELECTION OF CASES TO BE SIMULATED 

One of the major problems in the study was in determining the 

number of cases that FAD procedures could be applied in future 

years. It was decided that the most reasonable way would be to 

review the ATCSCC Daily Resume's and RECAP sheets for problem days 

during 1975. The first 11 months of 1975 were reviewed. The FAA 

AAT-12 Performance Summary Profile (PSP) sheets were then collected 

for all days where the number of 30-minute arrival delays exceeded 

approximately 50 aircraft. The case studies were limited to ATL, 

JFK, LGA, and ORD, since PSP data were available for these air 

ports. These four airports account for approximately 80 percent 

of all IFR delays greater than 30 minutes. There were several 

days at other airports which could not be simulated because data 

were not available. In addition, one PSP was missing from ORD, so 

this day was not simulated. 

The advantage of using the PSP. data was that the actual hourly 

arrival capacities during adverse conditions are recorded. The 

cases-simulated and the reasons for capacity reduction are shown 

in Table 1. A study of the reasons for reduced capacity indicates 

that the implementation of the UG3RD would have little effect on 

the cases selected. Therefore, the same cases were deemed appli-

able for future years. 

4.4 SIMULATION RUNS 

The simulation runs were made by utilizing the data on the 

PSP's. Capacity was equated to the PSP actual hourly arrival 

data. In the cases where these data wsre not recorded either of 

two assumptions were made: (1) capacity was assumed to equal the 

normal capacity of the airports or (2) if the PSP data indicated 
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TABLE 1. 1975 SIMULATED FADP RUNS WITH CAUSES OF 
CAPACITY REDUCTION (JANUARY THROUGH NOVEMBER) 

CAUSES OF CAPACITY REDUCTION 

Low Ceiling and Visibility 
Volume, Heavy Jet Mix 

Thunderstorms, High Shifting Winds 
Winds 

Snow 

Snow, Below Minimums 

Localizer Failure 

Winds, Low Ceiling, Snow 
Decreased Visibility, Snow 

Winds, Icing, Demand, ILS Loss 
Snow, Visibilities, Two ILS Failures 
Snow 

Thunderstorms, Demand 

Winds, Runway Closure for "Soil Evaluation" 
Thunderstorms 

Winds, Reduced Visibility 
Thunderstorms 

Thunderstorms 
Thunderstorms 

Winds, Aircraft Emergency 
Winds 

Winds, Demand 

Runway Closed, Winds, Computer Outaoe 
Weather 

Winds 

Demand 

Demand 

Winds 

Snow, Low Ceiling and Visibility 



TABLE 1 1975 SIMULATED FADP RUNS WITH CAUSES OF 
CAPACITY REDUCTION (CONTINUED) 

CAUSES OF CAPACITY REDUCTIONS 

Below Minimums 

Winds 

Winds, Snow Removal . 

Weather, Departures, Volume, ^^^^^inimu] 

One Runway tor /\xij-vo.j-3 *-» 

and Traffic Volume 
visual Approaches Upflfhpr 
Capacity for One Landing Runway with IFR weatner 

Airport Accident 

Demand, Weather 
Thunderstorms, Runway Closed for inspection 

Weather . , 
Thunderstorms, Runway Configuration, Demand 

Below Minimums 

Low Ceiling, Low Visibility VA^at-Viiar-
Alternating Approaches with LGA, Runway Change, weatner 

Crash, Weather, ILS Failure 

Disabled Aircrafts Caused Single Runway Operation 
Thunderstorms, High Winds 

Strong Winds, Low Visibility 

Weather, Sanding of Runway 4..:,™ 
IFR Weather Icy Runway Caused Poor Breaking Action 
Weather Below Minimum, Glide Slope Out of Service 

;, Runway Closed for Sanding 

;; ^Runway Option Due to JFK ILS Approaches, Conflicting 
Flow Between LGA and TEB 



"ITH CAUSES op 

Weather 

Winds, ILS Failure 
Winds, Wet Runways 
Winds 

Winds, Visibility 

Weather Below Minimum 

Low Ceiling, Runway Localizer Inoperative 
Weather Below Minimum 

Low Ceiling, Low Visibility, and RVR 



delays had occurred in the missing actual arrival periods, 

capacity figures were estimated by graphical extrapolation using 

the hourly demand and the time and magnitude of the delays. In 

order to determine the benefits of future years, preliminary FAA 

demand data predictions were used. The ratio of future yearly data 

to 1975 data is shown below: 

The normal values of arrival capacities used in the simulations 

The BAS calculated the fuel saving benefits for 1975, 1980, 1985, 

and 1990. Linear interpolation was then used to calculate the 

benefits for the years between the four data points. Because the 

data base only contained 11 months of data these results were 

multiplied by 12/11 to arrive at the actual yearly benefits. 

In the simulation runs a determination had to be made as to 

how future demand increases would be treated on an hourly basis. 

At the present time actual hourly demand sometimes exceeds normal 

capacity during peak demand hours. It was decided to conduct 

simulation runs at four different future diurnal demand distribu 

tion scenarios ranging from future hourly demand increased pro 

portional to the increase in yearly demand to all future hourly 
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demand greater than hourly capacity redistributed to other hours. 

(The redistribution algorithm is defined in Appendix B.) Table 2 

delineates the four diurnal demand distributions used in the simu 

lations. 

Simulation runs were made for the following conditions: 

a. 48-minute FAD for all aircraft within 2.5 hours of 

impacted airport criterion (the present AIRS I). 

b. 30-minute FAD for all aircraft within 2.5 hours of 

impacted airport criterion for one option of the advanced system. 

c. 15-minute FAD for all aircraft within 2.5 hours of impac 

ted airport criterion for second option of the advanced system 

for use in future years in conjunction with UG3RD improvements. 

Sensitivity runs were also performed as functions of future demand 

and capacity. The results of these runs are contained in Appendix 

A. 

Another option of the advanced system is to implement FAD 

Procedures for all aircraft within CONUS departing for the impacted 

airport. Since the AIRS I and BAS were only able to simulate the 

2.5-hour cases this condition was handled as follows: 

The AIRS I system was used to determine both the daily number 

of aircraft arriving at the four airports that departed within 2.5 

hours flight time of the airports and also the daily number of 

aircraft arriving at the impacted airports that departed from 

within CONUS. These results are shown in Table 3. The ratios of 

the number of flights departing within CONUS to the number of 

flights departing within 2.5 hours flight time of the airports 

were then calculated. 

These ratios were used to adjust the simulation results so 

that the fuel saving benefits for all aircraft departing within 

CONUS could be calculated. 

4.5 FAD PROCEDURES FUEL SAVING BENEFIT RESULTS 

The initial simulations were run for the four future diurnal 

demand distributions. The results are shown in Table 4. These 

18 



TABLE 2. FUTURE 
DIURNAL DEMAND DISTRIBUTION SCENARIOS FOR FAD BENEFIT ANALYSIS 

B 

Future hourly demand increased pro 

portionally to 1975 hourly demand as 

a function of future yearly demand 

predictions divided by 1975 demand. 

Same as Scenario A 

Same as Scenario A 

Same as Scenario A 

STEP 2 

No redistribution 

All future hourly demand greater 

than 120 percent of hourly capa 

city redistributed to other hours 

All future hourly demand greater 

than 110 percent of hourly capa 

city redistributed to other hours 

All future hourly demand greater 

than hourly capacity redistributed 

to other hours♦ 



TABLE 3. PERCENT OF ARRIVALS ORIGINATING WITHIN 2.5 HOURS AND WITHIN CONUS 

ORD 

24 hr. Total Arrivals 

Arr Within 2 1/2 hrs. 

% 

Arr Within CONUS 

% 

JFK 

24 hr. Total Arrivals 

Arr Within 2 1/2 hrs. 

% 

Arr Within CONUS 

% 

LGA 

24 hr. Total Arrivals 

Arr Within 2 1/2 hrs. 

% 

Arr Within CONUS 

ATL 

24 hr. Total Arrivals 

Arr Within 2 1/2 hrs. 

Arr Within CONUS 

8/14/76 

SAT. 

895 

750 

84% 

861 

96% 

388 

209 

54% 

248 

64% 

311 

294 

95% 

300 

96% 

604 

588 

97% 

599 

99% 



TABLE 4 FADP FUEL SAVING BENEFITS AS FUNCTIONS OF FUTURE DEMAND DISTRIBUTION 
Sari6s foU aircraft within 2.5 hours of impacted airport criterion 

48 Minute 

FADP 

5941 

5922 

5848 

5393 

1.00 

1.00 

0.98 

0.91 

30 Minute 

FADP 

BENEFI 

7818 

7802 

7755 

7210 

1.00 

1.00 

0.99 

0.92 

48 Minute 

FADP 

30 Minute 

FADP 

S IN THOUSANDS OF DOLLARS 

8251 

8224 

8130 

7480 

10,351 

10,326 

10,262 

9506 

BENEFITS RELATIVE TO SCENARIO A 

1.00 

1.00 

0.98 

0.91 

1.00 

1.00 

0.99 

0.92 



results show that the fuel saving benefits of Scenarios A, B and 

C are approximately the same. Therefore, the remaining simulation 
runs were only run for Scenarios A and D. 

FAD procedure fuel saving benefits were then calculated for 

the time period 1977 through 1990. For the advanced system cases 

it was assumed that the system would become operational in 1979 

Therefore, the 1977 and 1978 benefits for the advanced system are 
the same as the AIRS I 48-minute, 2.5-hour criterion. 

Tables 5 and 6 show the dollar benefits for the 48-minute 

and 30-minute FAD procedure system applied to all aircraft within 

2.5 hours of the impacted airports for Scenarios A and D future 

demand distributions, respectively. Table 7 shows the dollar bene 

fits for the advanced system for the 30-minute, CONUS FAD criter 

ion. The present value of the benefits were calculated using a 
10 percent discount rate. 

As stated previously the Scenario A diurnal demand distribu 

tion proportionally increases hourly traffic as a function of 

yearly increases in demand forecasts; the Scenario D diurnal demand 

distribution redistributes any future hourly traffic exceeding 

hourly capacity to other hours. It is beyond the scope of this 

report to determine how future traffic will be regulated. It was 

decided to use the average values of the benefits of the two 

scenarios, since some compromise between the two appear reasonable. 

The results for the average values are shown below. 

Table 8 shows the dollar benefits for the advanced system if the 

30-minute criterion is reduced to 15 minutes in 1985 for Scenario 

A demand distribution for both aircraft within 2.5 hours and within 
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TABLE 5. FADP FUEL SAVING BENEFITS FOR AIRCRAFT WITHIN 2.5 HOURS 
OF IMPACTED AIRPORT FOR SCENARIO A DEMAND DISTRIBUTION 

(Benefits in Thousands of Dollars) 

YEAR 48 Minute FADP Criterion 

Yearly Benefits 

1977 3967 

1978 4625 

1979 5283 

1980 5941 

1981 6403 

1982 6865 

1983 7327 

1984 7789 

1985 8251 

1986 8562 

1987 8874 

1988 9185 

1989 9497 

1990 9808 

PRESENT 

VALUE 53758 

30 Minute FADP Criterion 

Yearly Benefits 

3967 

4625 

7018 

7818 

8325 

8831 

9338 

9844 

10351 

10690 

11029 

11368 

11707 

12046 

66157 



TABLE 6. FADP FUEL SAVING BENEFITS FOR AIRCRAFT WITHIN 2 5 HOllRq nv 
IMPACTED AIRPORT FOR SCENARIO D DEMAND DISTRIBUTION 

(Benefits in Thousands of Dollars) 

48 Minute FADP Criterion 
30 Minute FADP Criterion 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

PRESENT 

VALUE 

3748 

4296 

4845 

5393 

5810 

6228 

6645 

7063 

7480 

7746 

8011 

8277 

8542 

8808 

48957 

3748 

4296 

6532 

7210 

7669 

8128 

8588 

9047 

9506 

9793 

10081 

10368 

10656 

10943 

67729 



(Benefits in Thousands of Dollars) 

en 

Scenario D Demand 
DistributionYearl Scenario A Demand 

Distribution Yearly Benefits 

PRESENT 

VALUE 



TABLE 8 FADP FUEL SAVING BENEFITS FOR 15-MINUTE FADP CRITERION INITIATED IN 1985 

(Benefits in Thousands of Dollars) 

Aircraft Departing 

Within 2.5 Hours 

for Imoacted Airnort 

Airport Departing 
Within Conus for 

Impacted Airport 

PRESENT 

VALUE 



CONUS. The increase in benefits from implementing the 15-minute 

criterion are shown below. 

FADP CRITERIA 
^— 

2.5 Hours 

CONUS 

INCREASE IN PRESENT 

VALUE OF DOLLAR 

BENEFITS 

5,445,000 

6,045,000 

INCREASE IN GALLONS 

OF FUEL SAVED 

41,304,000 

45,934,000 

4.6 SENSITIVITY ANALYSIS 

4<6.1 Sensitivity to Airborne Holding Conditions Simulation 

Assumptions 

The fuel consumption savings were calculated on the basis 

that the airborne delays would occur at an average holding altitude 

of 15,000 ft and at the midpoint gross weight as shown on the manu 

facturers1 holding curves and charts. There are an unlimited 

number of combinations of altitudes and aircraft gross weights. 

Because of limitations in data and for brevity it was decided that 

fuel consumption sensitivity would be calculated as follows: 

a. Holding altitude fuel consumption rates at 5000 ft and 

25,000 ft were compared to the 15,000 ft holding fuel consumption 

rates with the midpoint gross weights used in all calculations. 

b. The minimum and maximum holding gross weight fuel con 

sumption rates were compared to the midpoint gross weights with a 

15,000 ft holding altitude used in all calculations. 

Fuel consumption rates' sensitivities are shown below for the five 

major aircraft types. 
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The above data were then applied to the ORD simulation run 

for 2-5-75, which was the run of maximum impact. The above five 
aircraft categories accounted for over 95 percent of the fuel 
savings. This results were as follows: 

a. The effects of a 10,000 ft difference in holding altitude 

resulted in less than a 5.2 percent change in overall FAD fuel 
saving benefits. 

b. The effects of excursions in aircraft gross weight from 

the midpoint to either the minimum or maximum values resulted in 

less than a 20 percent change in overall FAD fuel saving benefits. 

These results indicate that the selection of 15,000 ft as a 

reference holding altitude had a relatively minimum effect on the 

FAD simulation results. The minimum and maximum aircraft gross 

weights have considerably more effect on the results. However, as 

previously discussed, the midpoint gross weight seems to be the 

most reasonable figure to use in the simulation. Also, there 

appears to be a slight probability that many aircraft would be 

holding at the minimum or maximum holding gross weights delineated 

by the manufacturers. Therefore, the practical effects of aircraft 

gross weights would be considerably less than shown in the pre 

vious table. 

4-6-2 Sensitivity to Ground Holding Conditions Simulation 

Assumptions 

The FAD procedure simulation benefit calculation was made 

with the assumption that an equivalent amount of fuel will be con 

sumed on the ground during the imposed ground delays as would have 

been the case if the aircraft had departed as scheduled. This is 

obviously the most desirable condition, since it results in the 

maximum fuel saving benefits. However, if this assumption is not 

true the ground fuel consumption for the imposed ground delays 

could be higher for the following reasons: 

a. Gate congestion requiring that aircraft be moved away 

from their gates. 
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b. Imposed ground departure delays having aircraft being 

scheduled for takeoffs during higher departure demand periods 

causing higher taxiway queues with resulting higher engine idle 

time. (By the same token, the opposite effect could occur.) 

No actual data were.available for analysis. However, the sensitiv 

ity of any possible increase in ground fuel consumption due to the 

imposition of FAD Procedures has been considered in this study. 

The following typical fuel consumption rates for aircraft while at 

idle were used: 

TYPE GALLONS PER MINUTE 

4-Engine Wide Body 19-6 

3-Engine Wide Body 9-4 

4-Engine Regular Body Stretched 10.7 

• 4-Engine Regular Body 10-3 

3-Engine Regular Body 7-4 

2-Engine Regular Body 4-8 

Turbo 3'° 

The sensitivity of FAD fuel saving benefits to running the 

aircraft engines during a portion of the FAD-imposed ground delay 

was determined by applying the above data to the simulation results 

for 2-5-75. The FAD-imposed ground delays average 125 minutes 

over a time span of 16 hours. These results indicated that if the 

aircraft engines were running for 20 percent of the FAD-imposed 

ground delay the decrease in FAD benefits would have been less than 

9 percent. The 20 percent figure says that all aircraft could have 

had their engines at taxi/idle for 25 minutes during the imposed 

ground delay. 

During this time frame aircraft could have experienced reduced 

as well as increased takeoff queue times. Therefore, the differ 

ences between taxiway waiting times could even possibly have a zero 

average over the entire period, resulting in no additional taxi/ 

idle fuel consumption on the taxiway. Also, over the entire FAD 
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period it is not probable that gate demand would require all the 

aircraft to be moved from their departure gate to a holding area, 

necessitating additional taxi fuel consumption. 

4-6-3 Sensitivity of Fuel Saving Benefits to Future Demand 
Predictions 

In order to determine the sensitivity of fuel saving benefits 

to demand, simulation runs were made at plus and minus 20 percent 

of the future demand predictions. The results of these runs are 

shoi^n in Tables 9 through 13. Table 13 shows the sensitivity of 

the benefits to future demand. 

For future demand Scenario A, the ratios of percent change in 

benefits to percent change in demand extend from 1.0 to 0.8. For 

future demand Scenario D these ratios range from 0.8 to 0.65. It 

would be expected that Scenario D would be less sensitive to demand 

changes, since all traffic above normal capacity is spread to off 

peak hours. 

4-6-4 Sensitivity of Fuel Saving Benefits to Arrival Capacity 

During Nonadverse Conditions 

Table 14 shows three sets of capacity estimates for the four 

airports. The capacities shown are (1) the TSC baseline estimates 

which were constant through 1990 and (2) the ATCSCC IFR 1976 

capacity estimates, and (3) UG3RD capacity estimates for 1975, 

1980, 1985, and 1990. 

Table 15 shows the benefits for Scenario A demand distribution 

for aircraft within 2.5 hours of impacted airports for the 48- and 

30-minute criteria with the ATCSCC IFR capacity estimates. 

Comparing these results to the results with the TSC capacities 

the following fuel saving benefits (present value): 
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(Benefits in Thousands of Dollars) 

Scenario D Demand 



TABLE 10. THIRTY-MINUTE FADP FUEL SAVING BENEFITS FOR ALL AIRCRAFT DEPARTING WITHIN THE 
CONTINENTAL U.S. FOR IMPACTED AIRPORT WITH FUTURE DEMAND DECREASED BY 20% 

CM 

(Benefits in Thousands of Dollars) 

Distribution Yearl 
Distribution Yearl 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

3575 

4037 

6814 

7563 

7986 

8408 

8831 

9253 

9676 

9961 

10246 

10531 

10817 

11102 

3436 

3829 

6462 

7123 

7520 

7918 

8315 

8712 

9110 

9360 

9609 

9859 

10109 

10358 



TABLE 11 FADP FUEL SAVING BENEFITS FOR AIRCRAFT WITHIN 2.5 HOURS OF IMPACTED 
Import for future demand increased by 201 

(Benefits in Thousands of Dollars) 

YEAR 

PRESENT 

VALUE 

55936 68500 



(Benefits in Thousands of Dollars) 

YEAR 

PRESENT 

VALUE 
44374 55877 

41464 52650 



TABLE 13. SENSITIVITY OF FADP FUEL SAVING BENEFITS TO FUTURE DEMAND FOR 1977 THROUGH 1990 

en 



TABLE 13. SENSITIVITY OF FADP FUEL SAVING BENEFITS TO FUTURE 
DEMAND PREDICTIONS FOR 1977 THROUGH 1990 (CONTINUED) 

DEMAND 

SCENARIO TOTAL FUEL SAVINGS 

(Thousands of Dollars) (Thousands of Gallons 

FADP 

CRITERION 

30 Minute 

2.5 Hours 

30 Minute 

CONUS 

FUTURE DEMAND 

PREDICTION 

Baseline 

120% of Baseline 

80% of Baseline 

Baseline 

120% of Baseline 

80% of Baseline 

68500 (+12%) 

52650 (-14%) 

67729 

76131 (+12%) 

58427 (-14%) 

424342 (+13%) 

322400 (-14%) 

420990 

474874 (+13%) 

360387 (-14%) 



TABLE 14. COMPARISON OF AIRPORT ARRIVAL CAPACITY ESTIMATES DURING NONADVERSE CONDITIONS 

*AVERAGE VALUES 



TABLE 15. FADP FUEL SAVING BENEFITS WITHIN 2.5 HOURS OF IMPACTED AIRPORT, SCENARIO 

A DEMAND DISTRIBUTION, AND ATCSCC IFR CAPACITIES DURING NONADVERSE CONDITIONS 

t/4 
OO 



The results show that the differences between the capacity esti 

mates are within 2.6 percent for both cases. 

Table 16 illustrates the sensitivity of capacity estimates to 

the present value of fuel saving benefits for the four airports. 

Comparing Table 16 with Table 14 shows that the TSC baseline 

capacities were the highest capacity estimates for JFK and LGA and 

within 5 percent for ORD. From this it can be concluded that this 

report's fuel saving benefits are conservative. 

What capacity estimates during nonadverse conditions should 

be used on the simulation runs is open for conjecture. In the 

case where low visibility was the cause of excessive delays IFR 

capacity estimates would appear to be the most logical. In the 

case of winds being the factor for delays VFR capacities should 

possibly be used. 

The reason for the relative insensitivity of the results to 

the capacities used during "normal" conditions is that the FAD 

period generally extended through the peak traffic hours. At the 

end of the FAD period the "normal" capacity is greater than the 

demand, so the stack of arrival aircraft could land without a 

direct propagation of delays to the aircraft scheduled to arrive 

at this time. 

4.7 CONCLUSIONS 

Since this report only pertains to the benefits of the ATCSCC 

Automated Flow Control Function and does not include any cost 

analysis, no conclusions can be made as to the economic justifica 

tion of the systems analyzed. 

However, it should be emphasized that there are considerable 

benefits to both the present and advanced systems. A continuation 

of the present system through 1990 will result in an estimated 

$51 million (present value) of benefits attributed to a total fuel 

saving of 315 million gallons. 

Development of the advanced system would result in an esti 

mated $71 million (present value) of benefits attributed to a 

total fuel savings of 440 million gallons. 
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TABLE 16 COMPARISON OF PRESENT VALUE OF BENEFITS FOR INDIVIDUAL AIRPORTS AS A 
FUNCTION*OF NONADVERSE ARRIVAL CAPACITIES FOR 48-MINUTE, 2.5-HOUR FADP CRITERION 

(Thousands of Dollars) 



The above benefits should be considered as conservative 

estimates, since only benefits which could be directly quantified 

were included. 
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ADDEND IX A 

SIMULATION RESULTS 

This appendix contains the simulation results which were made 

in order to calculate the fuel saving benefits if Fuel Advisory 

Delay procedures were utilized. These computer outputs are based 
on 11 months of 1975 data. All benefits delineated in the body of 

this report were derived by multiplying these computer output 

results by 12/11 for calculating full years of benefits. 

This appendix contains runs made for different future diurnal 

demand distribution scenarios. The scenarios are defined as 

follows: 

SCENARIO A: Future hourly demand increased proportionally to 1975 

demand as a function of future yearly demand predic 

tions divided by 1975 demand. 

SCENARIO B: Same as Scenario A, but with all future hourly demand 
greater than 120 percent of capacity redistributed 

to other hours. 

SCENARIO C: Same as Scenario A, but with all future hourly demand 

greater than 100 percent of hourly capacity redistri 

buted to other hours. 

SCENARIO D: Same as Scenario A, but with all future hourly demand 

greater than hourly capacity redistributed to other 

hours. 

The simulations were performed for ATL, JFK, LGA, and ORD. 

Tables A-l through A-16 show the fuel and equivalent cost savings 

as a function of the future diurnal demand. 

Tables A-17 through A-23 show the sensitivity of the fuel savings 

benefits to future demand predictions. 

Tables A-33 through A-39 show the sensitivity of the fuel saving 

benefits to landing capacities during nonadverse conditions. 

Tables A-40 through A-43 show the benefits for an "optimal" system 

(i.e., 15-minute and 0-minute FADP criteria). 
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TABLE A-l. ATL FADP BENEFITS FOR FUTURE DEMAND SCENARIO A 

Fui? 43 LI. i-'W iJbsftFir ANALYSIS TA13L£ 

TITL-i 

AIL 2/01//3 

ATL 2/19/713 
Ail 2/23//j 

ATL 3/12/7b 

Ai'L 

■\TL 2 

"i" Ji'ALS 

to 19:50 iy.15 ]yy0 

DOLLAR KJ£L OUTLAWS FUrX OJLLAtfS FULL O(]LLA:?S 

4*61 16=r>')9 5216. 
0 ;; 

G15715 1334163 1^391 927»,U Z.,/6/5 
36^4/ i3,iJ5/^ 13090/ 1 01 3| <?-> J 14090 1040^ 3?5Ji9 

.^^l 21 i/1 0 3 >79?J L,v2\65 \-63b7] 64/300 20(^63 
4^11 3413:>6 K7if 9 145'n 30^212 

7'.)?Jt\> 1411/41 1 '490320 

30 '-. 

TITLi: 

Ai'L 2/01/ /b 

ATL 2/1 y//3 

■ATI. 2/23//b 
Ai'L 3/12//5 

ATL li/2</7-b 

V t^ii■!.:>■ I r A:'ALYU1:3 TAJLi 

.-ULL !>ULLA<?3 i;J£L DULLAHS 

36 U3-) 

990 

:,lo U3) 292144 y():>M 61^blO191lhJ 0/^09 209097 

om1, /^ 3^31o II2JW 769/43 23M620 S11P73P5U94 
r^i b^4"J ^2^13 194.00^ 1054726 32696b 10-^393 33 hA\ 
^03 63/0, mm 22^53 M.433J 36/M? , ??0,3. 37^40 
vj/J *3,U 3-V.I2 1136^9 7^2b-2 236400 ;>177I7 V^A 
4\4-j f?W 69U>b ?1Mo 1120602 1^/3^ 115^256 357^9 

1/07631 I7b9()93 

-;J| I"! :?:: J. 1/ JLAi'J :;.> li .ji: 26.9.; 



TABLE A-2. ATL FADP BENEFITS FOR FUTURE DEMAND SCENARIO B 

roH 4-3 , IN. i-'AJH o\i HEi-IT ANALYSIS TAuL 

TITLE 

TJTALS 

19/5 IWO WvJ 1990 

FUeL IXJLLAttS FiJlEL IXIJJWS FUiiL DOLLARS FUifL DOLLARS 

4661 IM639 51053 458265 142062 509320 158044 
0 2lv3 7* 1614/ 607917 1 P3454 651596 201994 

55715 4^90/9 154714 ^0729 273025 905074 280572 
36847 582140 1,50463 9/5246 302326 097443 309207 

3551 2 14dl2 66591 579276 179575 610066 189120 

46614 539894 16736/ 916531 284124 935364 290117 

4 75443 22 13993 441/964 4609863 
I 473'VJ 636335 13695*6 I 429054 

30 -'IN. FA.iF l^h^F ANALYSIS 

TITLS 

ATL 2/01//D 

ATL 2/1^/75 

ATL 2/23/75 

ATL 3/12//5 

ATL 9/17/75 

Ai'L ll/2^//b 

TJTALS 

1975 1980 1965 1990 

FUcL DULLArtS F'JiiL DOLLARS FUiiL OJLLARS FUEL OULLARS 

3651b 11320 23!^96 39893 615O7d 190674 672361 208431 
17901 5549 3616JO 112096. 77260/23950^ 816285 253048 

2^2737 75248 53/152 132017 1002456 310761 1027517 318530 
205J03 63705 736805 228409 1146380 3553/7 1168577 362258 
30073 9322 363 f ^ 112/61 749693 232404 780483 2 41949 

4b 72534 6974 22 216200 IOti4aO() 336238 1104133 342281 

766 r/7 3036723 53/1014 5569356 

23//2d 941381 1665012 l726-f97 

CPU 

iiXIT 

0.49 JLAPScD 26.6b 



r'uiv 

AiL 

ATL 

A XL 

ATL 

AiL 

TABLE A-3. ATL FADP BENEFITS FOR FUTURE DEMAND SCENARIO C 

ILi. FA V be \li£F IT ANALYSIS 

TITLii 

2/IV/75 

2/23/7L 

3/i;v/b 

9/1///j 

ATL I1/2V/5 

TOTALS 

DlJLLA:?S 

lbJ36 

0 

l/V/26 

4*6 1 

0 

557 IS 

363 4 / 

i I 

150360 4 6614 

475 '48 

\9:iO 

FUcL DULLAtfS 

168269 52163 

21 5:32 >* 66:JI3 

5 14^32 15959/ 

5 50/03 13 001V 

2 17 676 6747v> 

533 462 1 ^6923 

1935 1990 

FU.2L !)JLLAf?S FUEL DOLLARS 

457549 141340 510536 158266 
604337 1P7344 643719 199552 
912234 2U2192 949 469 294335 

1011043 313424 1047566 32 47 45 
590016 182904 6 45152 199997 

5 294 557 9^3122 304767 

22354/5 4525369 47/9564 
692 994 1402^61 1401662 

30 tl:i. FAV u^;jLrrr ANALYSIS 

TITLLi 

ATL 2/01/7b 

ATL 2/ly//b 

ATL 2/23/75 

AIL 3/12//5 
ATL 9/1 l/lb 

ATL 11/24//b 

TjIALS 

19/5 

fUtzL LAWS ridL DULLAI^S FUh'L DJLLA'?3 FUcL OOLLA^S 

M32U 292144 9G564 614362 190452 673077 208653 
5549 3594j2 II I43J 76'U 10 238 I /6 80/693 250384 

242/3/ 7524:1 6043j/ 1373 44 1035393 320971 10/4060 332953 
ZUjoJJ 63/0rj /3*j>3i3 22 796^ \\*2\^2 3664/6 12 Id/00 377797 

9322 36u^6 113^2/ 760434 235734 3 15569 252H26 
725**4 69iW90 21 57b 3 IIM454 346720 I152ii24 357375 

3,)i>3\92 54/9135 57^1923 
23 772 J 9*64o6 1 69:A529 1 779vy3 

30J/3 

23414b 

Hli lis 0.49 i 

:iXlT 



TABLE A-4. ATL FADP BENEFITS FOR FUTURE DEMAND SCENARIO D 

r-M Ao -mi. FAJP ocJEFIT ANALYSIS TABLE 

ATL 

AIL 

ATL 

AH 

ATL 

ATL 

TlTLi 

2/U1//15 

2/19/75 

2/23//5 

3/12/75 

9/17/7& 

1/24/75 

TuTALS 

W75 

rUfcL DOLLARS 

1SJ36 

0 

179726 

1 I 8362 

I 1 456 

150368 

475*46 

4661 

0 

55715 

36o4/ 

3551 

4661 4 

1473^ 

1 930 

rU2L DOLLARS 

16'+639 

2 14095 

471 154 

53 7746 
133313 

207150 

51053 

\ 4605 7 

166701 
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153604 

64216?. 

1935 

FUbL DOLLARS 
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552732 
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317001 

3931772 

126967 

17 I 362 
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271250 

150719 

253270 

1 990 
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445376 
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888605 

4<37623 
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4047771 
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181795 
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275467 
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30 ?UN. FA)r> orl.ltFIT ANALYSIS 

ATL 

ATL 

ATL 

\TL 
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ATL 

TITLi 
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2/W//5 
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3/12/75 

9/17/75 
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FUEL DOLLARS 
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rUi£L i)OLLARS 

36513 

1 7V01 

242/37 
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30073 

23 41 43 

7663 77 
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75248 
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9322 

72 3d 4 

7726 

291 42 8 

36 4464 

'557079 

689546 
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65302b 

90342 

112983 

1 7269*+ 

213759 

10299^ 

20243* 

19R5 

FULL HOLLARS 

175579 
222 416 

282570 

321859 

203326 

305 43 4 

7174/2 

9 11518 

1033258 

655892 

935271 

487 47 Vd 

1 990 

FUEL DOLLARS 

602905 

751125 

929419 

1054010 

65d040 

99*375 

4W4374 

186900 

2323 48 

2^3119 

3267 43 

203992 

309651 

151 1 134 1548253 

f?HU TIMH« 0.49 iLAHSED TIMl;* 37.2/ 
Mj .iXEC ^ECTH 

£XIT 



TABLE A-5. JFK FADP BENEFITS FOR FUTURE DEMAND SCENARIO A 

rUR 46 MlN. FA.)P dt^EFIT ANALYSIS TAI3Li£ 

00 

TJTALS 1551473 t44843l 7317355 10126231 
430946 13/9004 2268369 3139122 



TABLE A-5. JFK FADP BENEFITS FOR FUTURE DEMAND SCENARIO A (CONTINUED) 

73071 16 77501 2650022 35R3951 



TABLE A-6. JFK FADP BENEFITS FOR FUTURE DEMAND SCENARIO B 

in 

O 

TuTALS 442 I -i6'J /305064 1 0099 1 57 

43U946 13/0771 2264559 3130723 



TABLE A-6. JFK FADP BENEFITS FOR FUTURE DEMAND SCENARIO B (CONTINUED) 

r Ji< 

Jr'K 

Jrl, 

Jr.-. 

Jr.. 

Jrr. 

• Ji-K 

Ji-iv 
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Ji-X 

Jr.C 

i - •• 
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TITLi 

I/Il//b 

1/1 V/b 
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I y-.i;o 

62012 

2 1 9.J5 / 

10/J02 

MILLARS r'UL*F-
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00)46 Io614 1 yI *r-.. / 5936..) 320946 '9493 432201 M39:S2 

2 1 /I >2 ■;5L»4 79^.6 
6/3071 1 6 /1 35 71149 



TABLE A-7. JFK FADP BENEFITS FOR FUTURE DEMAND SCENARIO C 

ts> 



TABLE A-7. JFK FADP BENEFITS FOR FUTURE DEMAND SCENARIO C (CONTINUED) 

30 FA I AMALYSI5 TM3LE 

en 

TUTALS '3411113 8529209 115542 46 

673071 1*7750) 2644072 353 1307 

TI -ic:5 1.33 il. 

Xi:C!iri-JS :i "> ? J!? 

59. A) 



TABLE A-8. JFK FADP BENEFITS FOR FUTURE DEMAND SCENARIO D 

FUR 46 ■•*!:■•!. FV">H ANALYSIS TABLE: 

TUTALS 1551473 4414499 7272540 10121310 
480946 1368484 2254476 3137596 
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TABLE A-9. LGA FADP BENEFITS FOR FUTURE DEMAND SCENARIO A 

FUR 4d -MX. FA )P Bii JJ-FIT ANALYSIS TABLE 

194052 347469 660790- 351333 

HUH 30 MIW. FAV tfb'lEFIT ANALYSIS TABLE 

LGA 

LGA 

LGA 

LGA 

LGA 

LGA 

LGA 

LGA 

LGA 

LGA 

LGA 

LGA 

TITLE 

1/13/75 

1/20//5 

1/25/75 

3/12/75 

3/14/75 

3/19/75 

5/04/75 

d/OV/5 

9/26/75 

1I/2I//5 

1I/2 4//5 

I 1/30/75 

1975 

FUEL DOLLARS 

I 9;SQ 

FUEL DQLLArtS 

TJTALS 

1O7Od7 

I 90 724 

130525 

221 73 

48/;J4 

166013 

6336 

373J3 

144471 

126098 

1259 

62094 

042952 

33196 

59 124 

40462 

6375 

15123 

51464 

196 4 

I 15*3 

447ci6 

39090 

390 

1 92 49 

32331 I 

15b249 

265505 

181219 

41 ti 1 1 

1 00 11 4 

215448 

40552 

I 14060 

2 173 44 

200229 

373U3 

96310 

1665224 

4012/ 

32306 

5617/ 

12961 

3103J 

12571 

3535 i 

67376 

62070 

1 1 58 i 

1935 

FULL DUFXARS 

2/4374 

330203 

256000 

10772 4 

195165 

276906 

I 10392 

2629-73 

33774 I 

332041 

I 50806 

143912 

2633139 

51 62 I i 

cJ5055 

I 17362 
79360 

33394 

60501 

65840 

34376 

61521 

104699 

102932 

46750 

46162 

378452 

1990 

FUEL HOLLARS 

3*4073 

456366 

28768 4 

165377 

2 471 32 

316199 

152704 

336 469 

3^3435 

405550 

2 I 7930 

1 6 I 21 9 

3 499693 

10**64 

141628 

891 82 

&1266 

7 6610 

93021 

47;-3d 

104305 

120414 

125720 

67573 

56177 

1034398 

56 



TABLE A-,10. LGA FADP BENEFITS FOR FUTURE DEMAND SCENARIO B 

FUR 48 MIN. FAJP BENEFIT ANALYSIS TAbLE 

TITLE 

LGA 

LGA 

LGA 

LGA 

LGA 

LGA 

LGA 

LGA 

LGA 

LGA 

LGA 

LGA 

1/13/75 

1/20/75 

1/25/75 

3/12/75 

3/14/75 

3/19/75 

5/04/75 

3/04/75 

9/26/75 

11/21/75 

11/24/75 

11/30/75 

1975 

FUEL DOLLARS 

1930 

FUEL DOLLARS 

TiJTALS 

65262 

121656 

89336 

3791 

1 9010 

1292 66 

0 

20905 

7933! 

67153 

0 

29 7 74 

625939 

20231 

37713 

27694 

1 175 

5393 

40072 

0 

64dO 

2 4747 

20813 

0 

9229 

94052 

I 0961 9 

191360 

139407 

17737 

53289 

171714 

10127 

715>9 

148276 

13/498 

95J5 

1985 1990 

FUEL DOLLARS FUEL DOLLARS 

33981 

59321 

432 I 6 

5493 

18069 

53231 

3139 

221 95 

45965 

4262 4 

! 120M8 

1728 4 

347469 

216071 

302253 

205307 

68431 

135603 

233185 

65899 

198333 

26106 4 

256637 

39336 

213159/ 

66982 

93693 

63645 

21213 

42036 

72287 

20 42-3 

01483 

bO929 

79557 

27694 

30338 

660790 

282606 

372593 

236990 

1 11515 

185660 

269933 

100751 

2 66142 

3 I I 122 

328236 

I 43912 

131793 

2746253 

87607 

I I 5503 

73466 

3 4569 

57554 

83679 

31232 

32504 

96447 

101753 

46162 

40357 

851333 

3233 ■i'loAS? 084398 

57 



TABLE A-ll. LGA FADP BENEFITS FOR FUTURE DEMAND SCENARIO C 

FUR 46 MIN. FADP bEMEFIT ANALYSIS TABLE 

TUTAL5 6259.19 1120^13 ^13159/ 2/4625:1 

19 4052 3*7*69 66079;; f>51 :• 33 

3J '<IN. HA.V tSiii4=l=IT ANALYSIS TAiiLt 

Tl ■•iL» J. H JLAHSc!) n>(H: 41.uJ 

58 



TABLE A-12. LGA FADP BENEFITS FOR FUTURE DEMAND SCENARIO D 

19 4052 34746; '-60 59 3 

fd-i 30 viri. r"AV du"JcFIT AiiALYSlS TAbLti 

32331 I 516213 j7.>255 0T41 

59 



TABLE A-13. ORD FADP BENEFIT9 FOR FUTURE DEMAND SCENARIO A 

.RUM aAS 

TGTALS 5185/15 9731509 10394164 11322058 
1607560 3016757 3222178 3509825 

60 



TABLE A-13. 

(CONTINUED) 

ORD FADP BENEFITS FOR FUTURE DEMAND SCENARIO A 

FOR 30 MIN. FAJP BENEFIT ANALYSIS TABLE 

TITLE 1975 

FUEL DOLLARS 

1980 

t-UEL DOLLARS 
1985 

FUEL DOLLARS 

1990 

FUEL DOLLARS 

GRD 

ORD 

GRD-

ORD 

JRD 

GRD 

UftD 

ORD 

URD 

URD 

URD 

URD 

URD 

JRD 

GRD 

URD 

ORD 

URD 

GttD 

GRD 

GAD 

URD 

URD 

URD 

URD 

ORD 

JRD 

GRD 

ul<D 

1/08/75 

I/09/75 

1/10/75 

1/29/75 

2/05/75 

2/15/75 

2/23/75 

2/25/75 

3/24/75 

3/27/75 

4/02/75 

4/03/75 

4/13/75 

4/19/75 

5/30/75 

6/12/75 

6/17/75 

8/20/75 

8/22/75 

9/11/75 

10/17/75 

10/22/75 

10/23/75 

10/24/75 

10/31/75 

11/02/75 

11/09/75 

11/13/75 

I 1/26/75 

580331 

169978 

438226 

487158 

1500429 

793322 

4760 

243050 

115928 

2534 

476518 

451 /Ob 

235322 

75217 

46235 

82116 

741 58 

37260 

22762 

142352 

44984 

10206 

9520 

477490 

31351 

5309. 

52<40 

302261 

349000 

179913 

52693 

135850 

151018 

465132 

2 45929 

1475 

75345 

35937 

301 

1 47720 

I 40023 

72949 

23317 

14332 

25456 

22983 

11550 

7056 

44284 

13945 

3163 

2951 

1 48021 

25213 

1707 

I 6256 

93700 

108190 

92 4459 

399.778 

735659 

831446 

1979793 

1128758 

70756 

566232 

296751 

176716 

61 S3 I 0 

526102 

33m 40 

230494 

187014 

260354 

2 74376 

167637 

134573 

294673 

164016 

99330 

156492 

665009 

220441 

I 22 1 43 

1552 77 

565398 

6635 66 

236582 

123931 

228054 

26 7743 

613735 

349914 

21934 

175531 

91992 

5 4781 

191831 

163091 

105040 

7 1453 

5797 4 

30864 

352 11 

51982 

4171 / 

91350 

503 4<+ 

30792 

48512 

206152 

68336 

37865 

48135 

1 7542,J 

205705 

956783 

416776 

783967 

364780 

2019737 

1 13 4417 

89810 

596099 

320905 

19 48 44 

626333 

537492 

366445 

253952 

201bI 2 

293 129 

291H86 

190464 

164237 

315332 

18 4.776 

114932 

191870 

693147 

229635 

142156 

187014 

599012 
6993 47 

296602 
129200 

2 43029 

268081 

626118 

367169 

27841 

184790 

99 480 

60 401 

194164 

146622 
I 13597 

78725 

62463 

92 419 

90484 

59043 

50913 

97763 

57281 

35644 

59479 

214875 

71 186 

44063 

5797 4 

185693 
216797 

1010656 

45621 3 

835045 

9219 42 

2097513 

1233403 

109536 

647020 

362313 

225920 

652686 

542357 

331625 

276048 

242223 

320210 

327950 

210486 

1^2136 

3 45060 

209684 

144242 

233 140 

751409 

264397 

172530 

2 13937 

654913 

75807 4 

313303 

1 41 426 

25*863 

285802 

650230 

382354 

33956 

200576 

112317 

70035 

202332 

163285 

118303 

35574 

75089 

99265 

101664 

65250 

56477 

106968 

65002 

44715* 

73323 

232936 

81963 

5343 4 

*6320 

20302 4 

235002 

TOTALS 7312 724 129-55453 13715896 147^ 

2266929 401 64H* 4251911 45*4338 

CPU TI ME« 1.3 / dLAHShD f Ii\E: 1 «2o. 52 

NU cXeCUTIUN H:U0RS DETECTED 

61 



TABLE A-14. ORD FADP BENEFITS FOR FUTURE DEMAND SCENARIO B 

FUR 48 

TITLc 

O 
to 

MO 

urn 

■Ji<n 

UrtH 

•JrtD 

j.n 

J3D 

JilD 

UtfD 

1/09/75 

1/1j/7b 

1/2;//5 

2/Q5/1b 

2/15//5 

2/23/75 

2/25/75 

3/2V/5 

3/27/75 

4/U2/75 

4/03/75 

4/ki/7 5 
4/19/75 

13/30/7b 

6/12//5 

6/17//5 

d/20/75 

d/22/7D 

9/11//5 

10/17/75 

10/22/75 

10/23/73 

10/24//5 

10/31/75 

11/02/(b 

J.ft) 1I/I3//5 

am n/26/75 

TJTALS 

FA-)r> j3^.Jii 

1975 

FU'tL DULLAHS 

4U36.J6 

76 M 9 

32296 4 

325906 

1304909 

630 303 

0 

1 371 43 

57268 

0 

386131 

379321 

156554 

6205 

16557 

28236 

2030 

0 

0 

703 39 

6920 

0 

0 

1 6402 

0 

3960 

19 668 4 

255U9 

125 I 42 

23813 

1 00 1 1 >i 

101C30 

404521 

195543 

.) 

4251 4 

1 7753 

0 

I 19716 

117569 

48562 

1923 

5132 

H 76-3 

62 9 

U 

0 

21 c$20 

2 1 43 

J 

J 

12269 4 

503 4 

0 

2 777 

60972 

79310 

1930 

FUEL 

72 4766 

270594 

597635 

64978 2 

1766046 

951397 

19040 

401246 

202'''J 9 

73792 

496098 

453042 

2530.W 

1 152 47 

132322 
160736 

139 4;2 

60037 

41 407 

173907 

60:390 

258 M 

67354 

5 417 ̂ 8 

12 4659 

33310 

62 11 0 

423032 

5 37 334 

1985 

FUEL DOLLARS 

224677 757090 

Id5266 

201432 

547 474 

294933 

5902 

1243B6 

62395 

22375 

153790 

1 40^43 

-3001:) 

35726 

31374 

49843 

43239 

1861 1 

12^36 

53911 

645943 

6H1072 

18073*3 
1007056 

32648 

430443 

223421 

93213 

502123 

46 44 33 

80 1 1 

20879 

167954 

386 44 

10481 

19254 

131139 

166573 

138705 

117320 

188391 

155120 

77972 

53CUB 

1 7526 4 

685013 

38094 

92526 

566564 

133839 

51759 

323 1 4 

455479 

569740 

234697 

89 573 

2CX)242 

211132 

560290 

312137 

10120 

133437 

70810 

2=^896 

I 55658 

143974 

t:7071 

36369 

58 401 

48087 

2 4171 

16683 

54338 

21237 

11809 

28683 

175634 

16045 

25672 

141198 

176619 

1990 

FUEL DOLLARS 

809530 

31^874 

690801 

730744 

1R8377I 

1055294 

48300 

475929 

263623 

120399 

522 446 

469797 

291909 

160786 

1 47680 

203585 

1 62 336 

89019 

57268 

19461 1 

571 48 

128590 

620141 

156302 

72 462 

101 444 

494813 

617674 

250954 

9*850 

21 41 48 

226530 

583969 

327141 

14973 

147537 

81723 

37323 

161953 

145637 

90491 

498 43 

45780 

631 11 

5652 4 

27595 

1 7753 

60329 

27245 

1 77 1 5 

39362 

1922 43 

48608 

22463 

31 *47 

153392 

191473 

51o5/15 9534935 10135602 11053665 

1607560 295581/ 31^.7526 3426622 



TABLE A-14. 

(CONTINUED) 

ORD FADP BENEFITS FOR FUTURE DEMAND SCENARIO B 

rOR 30 MIN. FADP bENEFIT ANALYSIS TABLE 

iVi'ALS 7312/2 4 123 36113 13593100 146? 0012 

22'66V29 391920.H 42 13847 4532187 

OKJ TI uis J . 

IJ ..X-OUriJh 

.-XII 

63 



TABLE A-15. ORD FADP BENEFITS FOR FUTURE DEMAND SCENARIO C 

'1^. i-"* hJ :J.-'Ji-IT ANALYSIS TA3LE 

i j 5 1 "J5 /1 'j 97 1 0902 1 0366030 1 1 29QS40 

1607560 301036) 3213436 3502628 



TABLE A-15. 

(CONTINUED) 

ORD FADP BENEFITS FOR FUTURE DEMAND SCENARIO C 

rUR 30 M1M. HA.)H L&.'JiFIT ANALYSIS TAbLE 

TITLE I P75 1930 I yt,5 1990 

FUEL DuLLARS FUEL OJLLARS FUEL DOLLARS FUEL OULLASS 

TJTALS /312/24 12940005 13693281 14774572 
22 6692 9 40 I 1 3? j 42 443 99 45801 05 

CPU Tl'lii* 1.39 «ELAPSt£D TIME* 
N'J liXECUTIUN ci?:iGRS DETECTED 

EXIT 

«22.4<i 

65 



TABLE A-16. ORD FADP BENEFITS FOR FUTURE DEMAND SCENARIO D 

FOR 46 Mi:J. FADP J3ErlEFlT ANALYSIS TABLE 

TITLE 

ORD 

ORD 

ORD 

Jrt!) 

ORO 

ORD 

ORD 

JtO 

ORD 

OR'J 

ORD 

OR!) 

ORD 

JR1) 

JRD 

j.n 

JR'? 

J;-*l) 

JRD 

JR'O 

JRO 
•Jin 

JRP 

JRD 

JRO 

1/03/75 

1/09/75 

1/10/75 

1/29/75 

2/05/75 

2/15/75 
2/23/75 

2/25//b 

3/24//5 

3/2 7/75 

4/02/75 

4/03/75 

4/U/7b 

4/19/75 

5/30//5 

6/12//5 

■V17/73 

J/20//5 

9/11/75 

1O/17//5 

10/23//5 

10/24/75 

10/3I//5 

11/02/75 
11/09/75 

11/13//5 

11/26//b 

1975 19 30 1985 1990 

FUi£L DOLLARS FU£L DOLLARS FU£L DOLLARS FUEL DOLLARS 

403636 

76319 

322964 

325906 

1304909 

630:303 

0 

1 37 1 43 

b/263 

0 

3d6131 

379321 

15^354 

6205 

16557 

2.'">S6 

2030 

0 

0 

703.39 

6? 20 

0 

0 

6402 

0 

8960 

255.3 

1 251 42 

23813 

1 00 1 1 3 

101030 

404521 

0 

4251 4 

1 7753 
0 

119716 

1 17569 

48562 

1923 

5132 

629 

O 

0 

21'420 

2145 

0 

0 

122694 

5034 

U 

2 777 

60972 

79310 

748 473 

2243 71 

4126tiO 

6/2224 

17ci9161 

951397 

1 7682 

414325 

200316 

43369 

496091 

453042 

232567 

1 1 b2 V/ 

56517 

32 432 

9 4570 

•J 

0 

4'-*23 

0 

0 

2/216 

26392 

10351 

32 7:3 

333316 

232026 

69555 

127933 

208389 

554639 

294933 

5481 

128595 

62252 

1 3444 

153/90 

1 40 443 

72095 

35/26 

17541 

1 0053 

29316 

0 

J 

149") 

0 

0 

8 436 

8336 

3203 

256-5 

10 332/ 

2 l'>322 

791572 

225723 

415 449 

713043 

1841030 

1007056 

31290 

452851 

223421 

44661 

502123 

4644 33 

253952 

138705 

5H660 

35^83 

9 4570 

0 

0 

4823 

633 

0 

53746 

46610-3 

26892 

23453 

82 7b 

336085 

562989 

245337 

69975 

128789 

221044 

5/0719 

3121B7 

9699 

1 40383 

70810 

13344 

143974 

76 725 

42 998 

18 \3 4 

1 1 123 

0 

0 

1 496 

211 

0 

144493 

8 336 

7271 

2566 

104136 

17 4526 

TLTAL3 1340093 

796597 

22777 I 

427374 

717322 

1927233 

1053313 

46256 

457601 

246370 

46606 

522446 

469797 

27052 4 

160105 

61 415 

36565 

'94570 

0 

0 

4^323 

3460 

0 

91354 

479502 

26892 

37956 

8273 

345060 

570420 

9131615 

246945 

70609 

132640 

22252 4 

5974 42 

32 6682 
1 4339 

141856 

76374 

1 4447 

161953 

145637 

B3362 

49632 

19038 

1 1335 

29316 

0 

0 

1496 

1072 

0 

28474 

148645 

3336 

11766 

2566 

106968 

176330 

1607560 25J5693 2722561 2830789 



TABLE A-16. 

(CONTINUED) 

ORD FADP BENEFITS FOR FUTURE DEMAND SCENARIO D 

FOR 30" MIN. FAJP BENEFIT ANALYSIS TABLE 

TITLE 1975 1930 1985 1990 

FUEL DOLLARS FUEL , DOLLARS FUEL DOLLARS FUEL DOLLARS 

TJTALS 7312/24 H36bJl9 11871025 12237131 
22^6929 352 339J 3680005 3808994 

•-IU 

IIte: 1.92 

.rX-HCUTUI" Li' 

:2 4.93 

67 



TABLE A-17. ATL DEMAND SENSITIVITY 

DECREASED BY 20% 
FUTURE DEMAND D 

.RIM BAS 

FOR 48 -Uii. r'AJr* riiiJ-FIT ANALYSIS TAbLE 

ATL 

ATL 

ATL 

ATL 

ATL 

ATL 

TITLE 

2/01/75 

2/19/75 

2/23/75 

3/12/75 

9/17/75 
11Z24/75 

TUTALS 

1975 

FUEL DUT.LAHS 

I 9 K> 

FUEL DOLLARS 

1 5036 

0 

179726 

1 I 3d62 

1 1456 

I 50366 

475448 

4661 

0 

55715 

36847 

3551 
4661 4 

I 473.'id 

]Oj237 

126023 

402 41 4 

445376 

1145*6 

416019 

609655 

32629 

39067 

12 47 4* 

138066 

35aI'3 
12896J 

498 99 J 

I9ci5 

FUEL DOLLARS 

1990 

FUEL DOLLARS 

294292 

390957 

61 00*6 

6O957I 

338686 

643016 

2981588 

91230 

12 1196 

1R9120 

216867 

104 992 

2 CO 88 4 

924239 

29 4292 

390957 

61 0066 

699571 

333 686 

64ciO16 

29^15-13 

91230 

121196 

189120 

216067 

104992 

2008*4 

92 4289 

FUR 30 MIN. FAOP BE^FIT ANALYSIS TABLE 

TITLE 

ATL 

ATL 

ATL 

ATL 

ATL 

ATL 

2/01/75 

2/19/75 

2/23/75 

3/12/75 

9/17/75 

11/24/75 

TOTALS 

1 P75 

FUEL DOLLARS 

1980 

FUEL DOLLARS 

36518 

1 7901 

242737 

205503 

3OJ73 

23**l 45 

7663 77 

11320 

5549 

752 48 

63705 

9322 

72584 

237728 

2 11231 

253473 

43 I I 78 

595029 

248 465 

1360659 

2350040 

1985 

FUEL DOLLARS 

65481 

7857cJ 

149165 

13 4451 

7702 4 

W3304 

728510 

446303 

544906 

703867 

359964 

498363 

809341 

38637 49 

1990 

FUEL DOLLARS 

I 3851 0 

166920 

213 198 
266588 

154492 

251050 

97758 

446808 

544906 

703867 

859964 

498363 

809841 

3863749 

138510 

168920 

213198 

266533 

154492 

251050 

19 7758 

CPU TIME: 0.48 ELAPSED TIME: 33.73 
NO LXECUTIUN EiMORS (DETECTED 

EXIT 

68 



TABLE A-18. JFK DEMAND SENSITIVITY: FUTURE DEMAND SCENARIO D DECREASED BY 20% 

■•iiJ. FA Jt-rlT .YSI5 TM-JUE 

CO 

11 1 /P4.13I 2391224 



TABLE A-18. JFK DEMAND SENSITIVITY: FUTURE DEMAND SCENARIO D DECREASED BY 20$ (CONTINUED) 

30 MIN. FA1).-* Oiildf IT ANALYSIS T 



TABLE A--19. LGA DEMAND SENSITIVITY: 

DECREASED BY 20% 

FUTURE DEMAND SCENARIO D 

TOTALS 625^89 0030 \Q 

I 94052 312502 

750770 

542732 

2130961 

660593 

32331 I 4/51 5'i /4721 / 878255 

Cr-U i"I ui* 

MJ aXcCUi' 

O.JJ -ILAPoL-n TIME: 

71 



TABLE A-20. ORD DEMAND SENSITIVITY: DEMAND SCENARIO D DECREASED BY 20% 

48 ;i.;. i-A.V il+ldrli ANALYSIS TA^LE 



TABLE A-20. ORD DEMAND SENSITIVITY: DEMAND SCENARIO D DECREASED BY 20$ (CONTINUED) 

30 -MA. f\'.)t> oh Jiii-IT ANALYSIS TABLi: 



TABLE A-21. ATL DEMAND SENSITIVITY: FUTURE DEMAND SCENARIO A DECREASED BY 20% 

FJrt 43 ..IL-1. FA:)r» uE'IEFIT ANALYSIS TABLE 

FJIV 30 ;(IrJ. FAV dEMEFIT ANALYSIS TABLE 

ATL 

ATL 

ATL 

\TL 

ATL 

ATL 

TITLii 

2/01/7 5 

2/19/75 

2/23/75 

3/12//5 

9/17//5 

1/2 4/75 

TUTALS 

1975 19-30 

FUEL DOLLARS FUEL OULLAHS 

365 Id 

17901 

2 42/37 

205303 
30073 

23 4145 

7663 77 

1 1 320 

55 49 

752 43 

63705 

9322 

72534 

237723 

212^3 

256342 

537/4 6 

61B658 

259206 

5^42 ̂ 3 

2460903 

65923 

79466 

166701 

191783 

=50353 

13 1129 

76535/ 

1 935 

FUEL DOLLARS 

449673 

546331 

799816 

933716 

546333 

HJ3593 

4159474 

139398 

169364 

2 47942 

289451 

169364 

273913 

432 

1990 

FUEL HOLLARS 

449673 

546338 

799316 

933716 

546338 

383593 

4159474 

13939R 

169364 

2 479 42 

239451 

169364 

273913 

1289432 



TABLE A-22. JFK DEMAND SENSITIVITY: FUTURE DEMAND SCENARIO A DECREASED BY 20% 

tn 



TABLE A-22. JFK DEMAND SENSITIVITY: FUTURE DEMAND SCENARIO A DECREASED BY 20% (CONTINUED) 



FIGURE A-23. LGA DEMAND SENSITIVITY: 

DECREASED BY 201 

FUTURE DEMAND SCENARIO A 

FuK 48 •Uf.J. FA'lp DtiNHHIT ANALYSIS lAULt 

9 4052 312502 542732 660790 

30 MIN. h'AV ANALYSIS TAbLa 

TITLi 19dO 1985 1990 

FUEL DDL LA PS FUiiL OOLLA.IS rU^L DULLAIVS FUcL DOLLARS 

323311 475156 747217 37,3452 

77 



TABLE A-24. ORD DEMAND SENSITIVITY: FUTURE DEMAND SCENARIO A DECREASED BY 20$ 

FUi? 4:3 ^IN. FA.)H aEUEFIT ANALYSIS TAdLE 

00 



TABLE A-24i ORD DEMAND SENSITIVITY: 

DECREASED BY 20% (CONTINUED) 

FUTURE DEMAND SCENARIO A 

FUR 30 HIM. FA!)P BENEFIT ANALYSIS TABLE 

URD 

URD 

OR'D 

GRD 

URD 

ORD 

uRD 

URD 

URD 

URD 

URD 

uRD 

URD 

JRD 

URD 

JRD 

uRD 

JRD 

JRD 

URD 

URD 

jRr) 

JRD 

JRD 

J.W 

JR!) 

u.i'J 

UiM 

TITLE 

1/OB/75 

1/09/75 

I/I0//5 

1/29/75 

2/05/75 

2/15/75 

2/23/75 

2/25/75 

3/24/75 

3/27/75 

4/02/75 

4/03/75 

4/13/75 

4/19//5 

5/30/75 

6/12/75 

6/1 ///5 

3/20/75 

3/22/75 

9/1 I//5 

0/17/75 

0/22/75 

0/23/Vi 
0/2 a//1; 

•J/3I/7S 

I/02//L; 

I/O//5 

1/13/75 

1/26//5 

1975 1990 

FUEL DOLLARS FUEL DOLLARS 

1985 1 P90 . 

FUEL OJLLARS FUEL DOLLARS 

530331 

169*78 

438 226 

487158 

500429 

79 3322 

4/60 

2430-jO 

115^28 

2534 

4765 Id 

451/05 

235322 

752 1 7 

46235 

82 1 18 

74153 

37260 

22/62 

142 552 

44^34 

10206 

9520 

477 4*0 
8 1331 

bJO* 

•j2-140 

302261 

349000 

179918 

52693 

1 35850 

151018 

465 132 

2 45929 

1475 

75345 

35937 

301 

1 47720 

140026 

Z29 49 

2331 / 

14332 

25 456 

22933 
11 550 

7056 

44234 

139 45 

3103 

2951 

143021 

170/ 

162-36 

0:1190 

d2IOl4 

333329 

6528 45 

7 33*60 

342428 

O2 33.JO 

37422 

469 1 40 

241542 

1 19107 

5.04645 

316063 

136332 

131 122 

2 I I 168 

210233 

12 7672 

10006 7 

2 49 1 2 4 

12 6636 

693*3 

9/972 

^65^09 

69 JI "> 

1 2 I v32 

432 3. > 3 

5'3 .52 66 

254514 

1034R6 

2023b I 

221312 

571 152 

31 724/ 

1 160J 

I 45*33 

748 7;? 

3692 3 

1 7969.5 

156439 

5 7762 

4064/ 

65462 

65173 

3957.* 

3102.) 

/722.i 

3925/ 

21513 

30371 

2J6I52 

i I 393 

3765 J 
I 4954.) 

1/3062 

85 3333 

350827 

6*2 I 79 

764073 

I S3 2 3 72 

1034979 

56462 

4*9022 

263451 

133999 

590953 

512698 

323660 

20564 4 

151130 

231871 

22 4532 

113002 

2*6377 

143254 

S4364 

12 7232 

6*3147 

19 157-3 

lv)7630 

506542 

264534 

106 756 

2 14575 

236364 

583535 

336343 

I 7 503 

154696 

83219 

41539 

183196 

15b936 

100334 

63749 

46350 

71 330 

6*60 4 

4 7704 

36580 

82'376 

-14 403 

26152 

39 441 

2 143 75 

59339 

333 11 

43423 

157023 

l..23*7 

92 4459 

735659 

831446 

1979793 

.1123 758 

70/56 

566232 

296751 

176716 

613810 

526102 

333340 

2 30 49 4 

137014 

26085 4 

2 74376 

167687 

134573 

294673 

164016 

Q9 330 

I 56 492 

751 409 

^0441 

1 ?.?. 1 4o 

1552 7/ 

663566 

286582 

12 3931 

223054 

2577 48 

613735 

349*1 4 

21934 

175531 

54731 

19UJ3I 

163091 

1050 40 

71 453 

57974 

30664 

352 1 1 

51932 

41717 

91350 

508 <4 

30792 

43512 

232936 

63:36 

3 78 65 

431 3'3 

175428 

205705 

TJTALS 7312/24 112470-tl M94330l3 13042353 

22 6692* 3 43 6-3(-1 3/03959 4043268 

.-T5 i i-:.) TUtc* .-; i 

79 



TABLE A-25. ATL DEMAND SENSITIVITY: 

INCREASED BY 201 

FUTURE DEMAND SCENARIO D 

I 4/3 943934 417956 46 4126 

:UR 30 >'.\ 

TITLi: 

FA ANA LYSIS T\bLt£ 

AfL 

ATL 

ATL 

ATL 

ATL 

ATL 

2/01/75 

2/19/75 

2/23/75 

3/12/75 

9/17/75 

11/24/75 

TCTALS 

1975 

r'JiiL ODLLARS rUisL DOLLARS 

363 lo 

17901 

242/37 

205303 

30J73 

7*6*77 

11320 

5349 

75243 

63705 

9322 

725B4 

23TI26 

399 550 

504092 

66 44a 5 

■3 11 9-19 

761 

3515210 

I 2 33 6 J 

I5626J 

205990 

25 I 716 

I 3740J 

23617? 

1985 

FUEL DOLLARS 

I I 1 1412 

723916 

778335 

10697*3 

I 182132 

667349 

I 116306 

5537851 

22 4413 

2 412a 3 

331626 

366 476 

20687R 

346054 

1990 

FUEL DOLLARS 

2 461 67 

247055 

337397 

371137 

2 11539 

350716 

796952 

1716730 

1197213 
6.^2336 

1131343 

5690367 

1764011 

CPU TIMb's 0.43-iLAHSED TI.Mc: 28.12 

•Ad JXcCUTiuN 1£'??ORS OBTL-CTt-n 

cXIT 

Jou 63, User 15/041,1161] Longed off TTY25 
Saved all files (42150 blocks)" 

Runtime 3].36 Sac 

J.'ji A\/£r?AUE K CORE 

553 7-Sep-76 

80 



TABLE A-26. JFK DEMAND SENSITIVITY: FUTURE DEMAND SCENARIO D INCREASED BY 20$ 

i-"JR 

00 

4-5 ■ 

TITU 17 7b 

ANALYSIS 

/1I//5 

3/N//5 

4/2*//"3 

DUT.LAkS FJliL DLiLLAf.'b" 

S7 7U^O5 40639/ 12604 

>b 1990 

OJU.A^S FU£L DOT.LAliS 

4^/31 

3 'r36 

2 b 3 !d 

■ ; I } 2.3 

24 7 >J2 

riyjy6 

iOw I '3 

1 (J > 

63 -5 

49^4 1 

IOc>3') 

by 2-:; / 

2 43/ 

2 i) 

2 44 

9304 

2604 3 b/.?4y6 1 7/4/3 7 1 M /Ob 

671 **m 374600 M6I26 '">?4261 1*2520 

)?545 (5/lb06 1771^6 ,:n 4696 2b2bbb 

MoOib j^Vi 3/0173 M4753 b360/2 \M\-*>2 

? y>4V4 W73 40167b 12451^ 5VO716 183121 

1 4j2 17 ^.r30t / 31 602 4 y /967 4 77496 1 4 30^3 

2-)2>w3 ^:^i 37^1.4/ 11/34^ 552310 1712 16 

369^/7 1 1 4j v b*2 1 56 1 /-t26 :- 73b934 :>2^ I 39 

15JJ-S3 ^ti.j^y 32193/ ^y.^n'j 4/40^4 146953 

2'y^)>2 /yrVij 4b0vc;l 13V7/9 632063 195939 

loyJ26 .>Hijy> 3 32 47 y I Pl5^ b/6924 17^46 

I9:rrj| bry^O 3/3129 llb-^^v b'j673d 172:3V> 

1VMW b20.^ 3III0I V6 441 1-14012 13/643 

2 412 Jy /4"/7-i ?/?12Ai 1P3146 b^4y2^ 16^927 

1 2 I 0 >4 r/lj3"> 26 //.; J o301 4 4 1 1 040 1 ?/4.?2 

:3'j-+2/6 1/1o2-j M4201 2W402 1030797 3195^7 

^U.;;m ^oJ6.j 3//5b/ 11704? <j?/->'l22 1632^3 

/339/ 4J:jo;'2 l?b/4? 5 4()4^y !6/bb4 

>b6^v 323vj3 H 0-lOv ^ /() 1 \2 Ub734 

£361-A 

,i 4iv > / / :>94 

1 6.M693 39 42 06 



TABLE A-26. JFK DEMAND SENSITIVITY: FUTURE DEMAND SCENARIO D INCREASED BY 20% (CONTINUED) 

rUH 30 .'IN. 

TITL= 

JriC 

JFK 

JriC 

oo 

to 

JFs 

JFK 

jf!< 

Jr\< 

1/11/Yb 

1/la/75 

2/05/75 

3/19//5 

4/24/75 

6/12//5 

6/15//5 

6/16/75 

6/24/73 

6/23/75 

7/1J//5 

J/04/7'3 

•3/25/75 

0/25//b 

1/12/7-3 

1/14//3 

1/2 I//5 

I/3d/75 

Bt.^FlT ANALYSIS TAriLhl 

1 975 

FULIL 

263i41 

79/37 

19)90 

62JJ2 

219J57 

25093 

107302 
329 72 

5020 1 

IU6316 

29040 

1 1 2230 

93-^30 

102334 

60046 

31790 

2471 3 

4043^ 

61 139 

Io61 4 

22 53 2 

6103 

6790/ 

7 77a 

33413 

10221 

15562 

17549 

3293/ 

9002 

34791 

31739 

1361 4 

1930 t9ob 1990 

FUbL DOLLARS FUEL DOLLARS FUEL HOLLARS 

454333 

2 66302 

3J62I2 

419195 

2 426/9 

2/n 33 

1 959.1 4 

2 35 4'31 

1403 49 

321553 

13016/ 

1523) 

35912 

60733 

791 09 

127571 

6454* 203 ?2 \ 

30dl 44 

246 132 

2 1 /5/I 

23/9 74 

17229 2 

613343 

3322/8 

22692 1 703 43 

750 77 

76300 

6744 7 

39271 

53*1 d 

19013/ 

103006 

1347J 

63 1 5-68 

*i33 1 1 4 

650763 

625655 

436133 

«72573 

33 1 009 

44/960 

623639 

339863 

4543*33 

444012 

371659 

45 7b U 5 

32 7355 

440080 

465*61 

332975 

1913736 

\35315 

201736 

193953 

1 3*320 1 

I 46 49 7 

118 112 

13886 7 

19 3343 

120857 

160341 

1403 49 

137643 

1 15214 

I 41919 

101480 

273766 

170150 

136424 

14435/ 

1 137?2 

76 4665 

597605 
900343 

804356 

612373 

6/5376 

^56738 

631568 

307312 

556733 

711 321 

657652 

640423 

514895 
617295 

4 77496 

1105612 

742823 

600066 

609416 

540995 

2 432 46 

135257 

27926) 

249350 

189335 

209366 

172538 

195786 

2502 66 

172533 

220509 

2033 72 

193531 

159617 

191361 

143023 

342739 

230275 

186020 

1^3918 

16 7703 

21/1 12 9 632-39 39 10392070 1 41 45568 

V73J71 1961031 322153? 4335116 

vu n '-it-* i .36 

U £X<£CvlfIu.J -i J.tS Mz\ 

XII 



TABLE A-27. LGA DEMAND SENSITIVITY: 

INCREASED BY 20% 

FUTURE SCENARIO D 

FUR 43 MIN. FAJf BENcFIT ANALYSIS TAdLE 

TITLii 1975 1930 1985 1990 

FUEL DOLLARS FUEL DOLLARS FUEL DOLLARS FUSL DOLLARS 

94052 37791.i 77 1 7ii 1 104/1 

83 



TABLE A-28. ORD DEMAND SENSITIVITY: 

INCREASED BY 20% 

FUTURE DEMAND SCENARIO D 

84 



TABLE A-28. ORD DEMAND SENSITIVITY: 

INCREASED BY 20% (CONTINUED) 

FUTURE DEMAND SCENARIO D 

FuU 3J .".-Ik. FA)F 

TITLli 

AMALYSIS T\dLI£ 

GRH 

Jfl!) 

JiO 
GRD 

JR[) 

JRD 

GRD 

JRD 

URD 

GRD 

GRD 

JHF) 

JRD-

JRD 

URD 

1/03/75 

1/09/75 

1/10/75 

1/29/75 

2/05/75 

2/15/75 

2/23/75 

2/25/75 

3/24/75 

3/27/75 
4/02/75 

4/03/75 

V Id/75 

4/19/75 

5/30/75 

6/I2//5 

6/17/75 

3/20/75 

a/22/75 

9/11/75 

10/17/75 

10/22/75 

10/23/75 

10/24/75 

10/31//5 

11/02/75 

11/09/75 

I 1/13/75 

I 1/26/75 

I 975 

FUhL DOLLARS 

IVcjO 

FUEL DOLLARS 

5803d1 

169973 

438 226 

4tr/1'5'l 

500429 

79 3322 

4 MO 

2 43050 

1/991J 

52693 

I 35850 

151013 

465132 

245929 

1 475 

75345 

35937 

2 334 

4765 1?3 

451705 

235322 

752 I 7 

46235 

821 IS 

7 4I5« 

37260 

22/62 

I 42d 52 

44934 

10206 

9520 

477490 

dl 351 

5509 

52*40 

302261 

3 4V 000 

FUEL DOLLARS 

Q9340R 

3623/, 2 

5 72 I 03 

902202 

2 136770 

12319^2 

147720 

140023 

72949 

2331 7 

14332 

25456 

2298d 

11550 

7056 

44234 

13945 

3163 

2951 

I 4fciO2l 

25218 

1707 

16256 

93700 

106 I 90 

630047 

37817 4 

I 42 417 

65263 6 

542857 

364372 

275352 

147630 

307956 

11233:5 

177351 

2796bI 

662393 

331895 

33/4/ 

195314 

117233 

441 49 

202332 

168285 

112955 

J535; 

45700 

23B140 

3450 

1377 

74521 
24222 

26530 

246302 

537103 

106933 

15665 4 

79363 

490666 

725002 

738 23 

1069 

426 

23101 

750$ 

8224 

76353 

166501 

33149 

48562 

24602 

152106 

22475') 

1990 

FU6L DOLLARS 

1000591 

3657^2 

576250 

91 2 408 

219212^ 

I 30092/ 

131992 
636836 

385771 

146293 

670004 

55 4909 

368513 

29 3301 

149057 

1062 72 

240856 

3450 

2754 

752 17 

262b7 

26530 

27147 4 

556519 

103256 

202^89 

3 00 45 

4920 44 

738503 

3I0UJ3 

113392 

178637 

282346 

679559 

4032M7 

40917 

197 419 

119589 

45350 

207701 

172021 

1 1 42 40 

90923 

46207 

32944 

74665 

1069 

853 

23317 

8148 

322 4 

172520 

33 559 

62895 

2 4813 

152533 

228935 

1004906 

3*9867 

585210 

919212 

2204745 

1340263 

153762 

640915 

387148 

147585 

694091 

5 66975 

376797 

325733 

154581 

106968 

2 42900 

3450 

6205 

752 I 7 

29063 

26530 

310254 

569913 

110875 

2125 45 

8281 4 

495494 

747948 

31 1520 
114658 

181415 

284955 

683470 

41 5481 

47666 

198633 

120015 

45751 

2151 68 

175762 

J16807 

100977 

47920 

33160 

75299 

1069 

1923 

233 IT 
9009 

822 4 

96178 

176673 

34371 

65888 

2567-2 

153603 

231363 

TJTALS 7312/24 12254321 12615863 12891966 

2266929 3798822 3910902 3996497 

TT'tHl PLAPSFD TTMFt I 130.92 
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TABLE A-29. ATL DEMAND SENSITIVITY: FUTURE DEMAND SCENARIO A INCREASED BY 20% 

FJi< 43 :li\. 

ITILi 

AfL 2/01//j 

ATL 2/19//J 

A'i'L 2/22/'/b 

A'iL 3/I2//5 

Ai'L 9/1 ///5 

ATL 11/24/75 

TOTALS 

odlhFIT ANALYSIS TAlJLc 

I 9713 

l. DuLLA^S 

I5J36 

0 

1 'N 116 

1 i tf-362 

1 1 456 

4661 

0 

55715 

36b47 

33b 1 

n5 1 990 

DOLLARS FU£T. HOLLARS 

262736 31463 6659 1/ 206434 749693 232404 

342267 106102 8327*54 25**153 905074 2R0572 

6!5b'3'92 203326 11492 44 356265 1260230 390671 

7210132 223526 12J7317 3H3563 1 33*69c5 413756 

3293/8 102107 H0J409 250606 915815 233902 

46614 669 497 207b<U 1 360705 1260946 390893 

47 5 <-ft 29 30372 5 H 5 72 06 6426456 

147.3'in 92 406 J 1-115731 19921 

00 

rJR 30 -a.^ FA V? liii-iirir Arv'ALYiilS TABLi 

TITLI 

AIL 2/0 1/7b 

Ai'L 2/ 19// 5 

ATL 2/23/75 

ATL 3/12//5 

AfL 9/17/75 

ATL 11/24/75 

TjTALS 

19/13 

UtiL 1JULLA.KJ 

19-30 

HJ^L 
1935 

FUHL DJLLASS 

363 IB 

1 7901 

242/3/ 

205303 

300/3 

2341 4b 

11320 

5549 

75243 

63705 

9322 

725**4 

1 990 

FUEL HOLLARS 

^041362 125414 £S33470 25B375 917247 234346 
491203 132272 1006036 311871 1G7d356 33 4200 

754706 233^5'i 1291020 400216 1405536 435731 

2122*1 1403450 436619 1515140 469693 

13160/ 9'J3122 304767 1096973 340061 

U3l3.-?2 237709 1342575 41619^ 1 43V956 4463*6 

166-^1/ 3332293 6B6 4673 

237720 119420/ 2 

745325.-5 

2310507 

■ i-'J i rU:S u. 4*i, 

:j .iXiCUriu;-; n 

cLAH3£n Tll;l 



TABLE A-30. JFK DEMAND SENSITIVITY: FUTURE DEMAND SCENARIO A INCREASED BY 20% 

.wur da* 

00 

1 63491 7 2 /93.62B 391 6935 



TABLE A-3(h JFK DEMAND SENSITIVITY: FUTURE DEMAND SCENARIO A INCREASED BY 20% (CONTINUED) 



TABLE A-31. LGA DEMAND SENSITIVITY: 

INCREASED BY 20% 

FUTURE DEMAND SCENARIO A 

FOR 48 MIN. FADP BENEFIT ANALYSIS TABLE 

TITLE 1975 1930 1985 1990 

FUEL DOLLARS FUEL DOLLARS FUEL DOLLARS FUEL DOLLARS 

194052 37791 772566 I 04*353 

30 ?<IN. r"A)r> uti<l£FlT ANALYSIS TAHLii 

^« 0. 41.95 

89 
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TABLE-A-32. ORD DEMAND SENSITIVITY: 

INCREASED BY 20% (CONTINUED) 

FUTURE DEMAND SCENARIO A 

1-J.t .30 'U.J. f-"A:V ot£MEFIT ANALYSIS TABLE 

CWJ Tl'Ui* 1.34 ELAHS2D TI'AH* 
iJd tXECUTlU^ li'N'JRS .)eTECTED 

EXIT 

91 



TABLE A-33. ATL FADP BENEFITS FOR FUTURE DEMAND SCENARIO A (ARRIVAL 

CAPACITY = 53 PER HOUR DURING NONADVERSE CONDITIONS) 

TI'lL: 

All 2/CA/io 

\'il. 2/19/75 

Vil 2/22/ /5 

ViL 3/1 2/i i 

ATL 9/1 ///3 

A il 1 1 /2 './ / \, 

• I" l - , • A • ( • 

1 »x.U-^> 

NALYSIS 

ril::L !)UI. 

1 9oO 

::iJl:L r)ULLA;?S 

1 990 

o\!L 0U1LARS FU£L HOLLARS 

1 5036 

0 

1 1 -.36 

4/4 j|6 

.557 1 5 

3b:il 2 1 

461 70 -3 17696 

I66IM 5 149/ 431056 133627 4,3327 149331 

2 1051:3 6525 > 5/9992 179797 621522 192671 

1S04O2 MrP>94;3 796952 247055 b30606 257437 

1/-513-S 9.J16V0 304323 1013912 314312 

5*4955 175136 613658 191753 

9115I:-) 2H2570 9 43740 292559 

\1 A 4 

33:; A 4 42 '61 63 45 11 765 

1322 503 I 

to .IJi? 30 LI. r/\ 

T JTALo 765445 ?9 1^217065 5472691 

16172^1 1696531 

J.4'5 VI *t£s 30.3/ 



TABLE A-34. ATL FADP BENEFITS FOR FUTURE DEMAND SCENARIO A 
(ARRIVAL CAPACITY = 70 PER HOUR DURING NONADVERSE CONDITIONS) 

A3 M\l, i:A )t> ANALYSIS 

ATL 2/01/75 

ATL 2/19/75 

ML 2/23/75 

ATL 3/12/75 

Al'L ;/17/75 

ATL 11/24/75 

TOTALS 

19/5 1910 

t=IJtL DOLLARS j-UkL X 

15J36 4661 156812 

0 0 .18^750 

103109 31963 29 A372 923 40 

11^162 3664/ 4^97^5 

11456 3551 193343 

14.1936 4617--J 46^426 

FUEL 'VJLT.AflS 

360H84 111R74 39*6fl6 122972 

476/7R2 I 473 33 bOr352 4 I 5671 2 

451 fa2 [ I 40064 462561 14 3393 
'542779 261261 li7 I 420 270140 

47 5 450 147 389 517696 I 604^5 

753274 233514 774755 240174 

397399. 180/VA-J 3361090 3520642 

123192 56047/ 1041935 1093d76 

HUH 30 Ml*. r\A )H bbJiEFIT ANALYSIS TAuLE 

TUTALS 666631 2529/67 4236090 4435149 

206652 73 4225 1313185 

CPU TIME: 0.47* ifLAHSED TIME* 29.32 

!iU EXECUTION c;"??ORS Jt-TECTlil) 

hXlT 

93 



TABLE A-35. LGA FADP BENEFITS FOR FUTURE DEMAND SCENARIO A 

(ARRIVAL CAPACITY » 32 PER HOUR DURING NONADVERSE CONDITIONS) 

211535 376152 715 990 921466 

FUR 30 -UN. FA M oE idr IT ANALYSIS TAIiLe 

CHJ ri-lc* 0..J2 

JU :".<£CUriur :i 

iLAFot;!) Tl'-ti: 43.213 

94 



TABLE A-36. JFK FADP BENEFITS FOR FUTURE DEMAND SCENARIO A (ARRIVAL 

CAPACITY = 35 PER HOUR DURING NONADVERSE HOURS) 

?Q\} 43 tl\(. flu? titi'AZf ANALYSIS TAriLlt 

Ln 



TMTM-S 227014b 59I9-J2 1 9693010 1334 6616 

70373 4 1^35133 3004822 4137439 



TABLE A-37. JFK FADP BENEFITS FOR FUTURE DEMAND SCENARIO A (ARRIVAL 
CAPACITY = 30*PER HOUR DURING NONABVERSE HOURS} 

4b MIN. FA)F T ANALYSIS TAbLE 



TABLE A-37. JFK FADP BENEFITS FOR FUTURE DEMAND SCENARIO A (CONTINUED) 

30 'UN, FMt> aiiMch'IT ANALYSIS TAHLI 

00 

JFK 

Jr"j< 

JFK 

Jr.< 

JF.C 

Jt-'k' 

Jl-X 

JFK 

Jr.C 

Jhii 

J r »\ 

Jr".< 

JFK 

JF.C 

TITLJ 

1/1l/7b 

1/1 3/75 

2/05/7'i 

3/19/75 

6/12/ /-3 

6/P3//5 

6/16//5 

6/24/ib 
6/23/15 

//I3//5 

0/24/75 

3/25/75 

5/26//b 

0/25/75 

I 1/12//5 

1/13/75 

1/1 V/b 

1/21/ /.i3 

1/30/75 

1975 

FiJbL 0ULLA17S 

19 30 

FJ1IL OULLAKS 

31233/ 

21/3/1 

6r39oO 

7=312^6 

1 96 A) 

62J12 

2Jli43 

329/2 

5J20I 

63003 

1 1 J/00 

46269 

337200 

115136 

105341 

96901 

25635 

41351 
67 44/ 

2044/ 

2 4262 

6103 

19?23 

/I 571 

777-i 

10221 

1 5S62 

19b30 

3524/-

14343 

104^32 

3d 70 7 

32655 

l>561 4 

1985 

FUEL DJLLARS 

45/310 

2471. H 

2/iil 29 

162927 

235791 

422313 1 

1732o 7 

226441 

296333 

22*955 

639447 

329.S16 

25T9 n 

2 Z76 33 

12055J 

141766 

7 66U3 

36219 

•3050 7 

/3095 

131OR3 
53/12 

94459 

V367-) 

/O 1 96 

9lci63 

19822S 

30264 

^6066 

64701 

/31937 

451396 

64-J797 

67M45 

4523^/ 

5217^9 

343021 

436133 

62910/ 

365250 

521304 

42 481 / 

450V01 

40 1675 

4vi 3393 

3947^6 

690V97 

53OO29 

44 7464 

-46 4694 

3* 00 IS 

226915 

139932 

201127 

208 147 

140239 

1*1757 
107S86 

135201 

195023 

I 13227 

161604 

131693 

139 779 

12 451 9 

I 4935 1 

122333 

276209 

167093 

13»713 

1 <MO!55 

.1 17305 

FUEL HOLLARS 

916090 

622713 

914620 

6 45*341 

740357 
5 44926 

648302 

d22080 

549354 

/26 550 

63^943 

5690 44 

655191 

547883 

1120380 

749216 

6 1 7791 

021723 

521799 

283987 

193041 

2R35 32 

269138 

200210 

229665 

163927 

200973 

2546 44 

170299 

225«50 

198382 

206468 

176403 

203109 

1693 43 

347317 

232256 

191515 

192734 

161/57 

URLS 2360 /.35 63 7H 132 1 0655400 1 47 10680 
/31dl9 197721/ .3J03163 4560300 



TABLE A-38. ORD FADP BENEFITS FOR FUTURE DEMAND SCENARIO A (ARRIVAL 

CAPACITY = 66 PER HOUR DURING NONADVERSE HOURS) 

u.' 43 11 is.. -FAV titter IT ANALYSIS TAtiLfc: 

'MD 

Jiff) 

J.ii; 

M\) 

Jiff) 

Jin 

u;if) 

TITLii 

1/03/7b 

l/0y//b 

1/10/75 

2/u5/7b 

2/15/75 

2/23/75 

3/2V/:> 

3/27/ 713 

4/02/75 

4/03/7*3 

4/13//6 

4/1 -/// 5 

5/3J//5 

6/12//b 

6/17/7b 

3/20/75 

•.s/22//b 

9/1 l//b 

0/1 7/7'5 

0/22//5 

0/23/75 

0/24//3 

0/31//b 

I/O.^/ /b 

1/09/7b 

l/26//b 

19 7b 

rUIiL UULLAKS 

3y/212 
7614/ 

320^05 

32 1 5 13 

1297900 

62 33 32 

0 

1371 43 

0 

336131 

379321 

I lrj2 77 

6203 

1655/ 

~2J3O 
0 

0 

69693 

[yb2{j 

0 

J 

3V3777 

I64J2 
0 

194)1 1. 

2 -j-j 1 59 

j149/59 

12313b 

23605 

99 400 

99763 

402349 

I 93243 

42 '3 1 4 

1 7753 

0 

1 19716 

117b39 

43135 

1923 

5132 

* 76 i 

62 J 

0 

0 

2 1 601 

17 1 2 

0 

0 

12207 0 

5014 

0 

2/7/ 

60329 

790V9 

1930 

DOLLARS 

223339 

J4bl / 

132916 

2005b6 

545b16 

?91709 

5902 

1:^5013 

6 Ob 40 

72043 1 

2/2637 

3900:32 

6470b2 

1739/30 

19040 

4')3^3lj 

4 96093 

4l53042 

2b30 J9 

I 1 4 5'3 1 

I 0*35/7 

1 42 v3 4 

643'Sb 

62 I 1 0 

139 J 17 

AJ65I 

36JJ0 

6^ 0 40 

5/1249 

I 239v7 

32432 

7b2l / 

. 427^/4 

5 39362 

964bl 34 

13379J 

I 40 4 43 

3 0010 

3551J 

32 72-J 

5219^ 

-^4294 

20\G\ 

58616 

2t»1OI 

1 1 1 75 

2 1 092 

17708 / 

3b 439 

1 0053 

> 331 / 

132O4J 

1 '57202 

FUL:L 

74R473 
28 963 4 

634910 

676-98 

109612 

99665 7 

326 43 

'13 1 1 23 
2 1 46 I 6 

95153 

502123 

46 4433 

23 1 'V5 7 

I 3302 4 

117320 

195292 

15 6492 

34R73 

1 990 

FUEL DOLLARS 

o' 5b69 

20909b 

105874 

: 5 9310 

130556 

47612 

97994 

4r396! 1 

1570420 

1030 I bcK) 

232026 

d9786 

196822 

209d69 

5b7^9^ 

308963 

10120 

133649 

6653 \ 

29493 

143974 

H7242 
42 7HI 

36369 

60540 

4851 2 

26310 

26526 

64319 

32B2J 

15185 

27341 

Us 4772 

4047? 

14 759 

3037 b 

142479 

176330 

902 34/ 

3215*3 

6d32ltt 

72302-3 

IB 77469 

10 44395 

48 300 

477969 

24 7747 

122996 

5P2 446 

469797 

2 92605 

160105 

145606 

2 11864 

136424 

1 596 nl 4 3193475 

102322 

237393 

12 387 3 

69393 

1 1 7026 

645593 

133 773 

71 766 

I 22330 

5 13443 

620369 

1226063 

248727 

09692 

2 11797 

582015 

323917 

14973 

1 481 70 

76301 

33 1 28 

161953 

145637 

90707 

49632 

45137 

65677 
57/91 

31^74 

73592 

384 00 

21513 
362 I'd 

2001 33 

49219 
222 47 

3-3077 

159167 

192314 

3480066 



TABLE A-38. ORD FADP BENEFITS FOR FUTURE DEMAND SCENARIO A (CONTINUED) 



TABLE A-39. ORD FADP BENEFITS FOR FUTURE DEMAND SCENARIO A 
(ARRIVAL CAPACITY = 54 PER HOUR DURING NONADVERSE HOURS) 

JXI1 

:iAY« l»2T*49 .-?U i« 13.43 :-<O * 2 I 2 4 <J us\S 9+1 I P '?;!* 20:403436 

43 .'VV L>lH:£l-IT ANALYSIS T<\!5 

W/S I9i() 

rJ..IL DULLAP3 HiJtii- O 

Jhi) 

.jtii) 

J.i:) 

■SAD 

J,l\) 

j.n 

1/09/7b 

1/29//b 

2/03/73 

2/lb//3 

2/23/75 

3/24//b 

3/2C/7 3 

4/0*2/ /b 

4/03/7b 

4/1 i//b 

4/17/7b 

b/30//3 

.jlr) 

'. lie"' 

o/I 7/ /b 

V22/7b 

V/l l//b 

10/1 7/7ii 

1)/ 22/7 3 

10/23/7b 

10/2 I//3 

10/31/7b 
iI/G2/73 

I 1/u.V/b 

I I/Ij/7b 

Il/26//b 

ji\LS 

<307bO 

2 3 4 0 2261 2bbOO 

3692 1 4 I I 44b6 /'w1. Jl 

36T/74 I 14319 /M 362 

3 / 4^ j3 -+2602 / I w I 4 »b 

7O94j9 21 :>932 107;/0.>9 

1-rO 3 3o 4 3b 66 4>3aj4 

I 773 3 2 0 Ib12 

(J 12 '30 

1 19/1 v 49^0/ i 

1 1 /do.' 4bjO42 

-j4 33- M4i:'6 

0 

269 ■'<! 

7 1 i9 4 

234261 

23602^ 

•3 5636 i 

33196) 

VO': i 

62^.6 \ 

133/90 

140 -^3 

I9V3 

■'ILL ;>.JU_A;?S 

yO/2 11 2ol23b" 

316"31 9^217 

P-1 14 73 2L.3 72 6 

/'•33o2 24r.3V> 

93b-i37 V\J0'ii 

3 3 M/:» 1 ^-661 

k, I 4v6 I3v96j 

i a* 

420 M 

4/60 

■j 

■' > 

1 .) : J I 

22634M 

26 / JI 3 

j ->9 _ »6I 

302123 

46^33 

312' 13 

L-iuZ/l 37^3/ 

64 17 I42!b2 

1304/ .'2o:t3;> 

147a 231062 

v; 12 J j/b 

0 12..7/1 

23b33 24 i -i-i 3 

H/>6j ,131 .-,1 

.) 'if-r^ S \ 

0 /'i ./^ 

I 3^3 >2 ^^* 

5 2 "••':/ 

132212 

I :>/ ■•■.*,'> 

I /I 1 < * 

'■>:.).• 6/ > 

b'''V /rO 

/7 S2 t 

3T/.2 1 

3743V 

/70I / 

/I..7 0 

' 3.-: 3 ; 

I ,31 V 

■,/!-■ > 

"-77 I 

1 /3:>< J 

31303 

/! 3 o 7.4 

1 ia;>?9 -14 71 0 

1 b 32 77 -,<:13;j 

26 22 43 '1293 

27 r. /6 -Vj2I 1 

153 -:*i "77)4 

2 ?0: 76 ; /07I 

V6374'-, '"''311 

t\ 16 j 2 .2 6,y 

lw273-) 3H'!'. 

P-: / (.:>,' l,»o |-vj 

6-"i^^'-,.) 1. /:.)•! ) 

:^3^o..-/ I 

r'JHL Oi]LLA2 5 

9/9041 303b02 

3>-J226 10v.il') 

My'j/6 4 2776T6 

r!63422 267^6:j 

202 1136 626bb2 

11 ^bl "S'3 36/401 

7s07:; 2 1/21 

^, -9022 15-1^9/S 

12: 51 / 3.-r>3 

\ 4(3637 

327111 101404 

l'-631O bl!:-36 

1 y 461 1 <>j3?V 

3.'.^3 4 5 I "06Oy 

1 I'ilN bbi34 

I -.:3b ) ^ 1 ;-^ ^ 

M/43-' ^2-VV; 

V 1 ■■> 1 VO ^/O1 

y.vM-i-..J 7'.".6 

* //6-V'j 21 ':■} <b 

? /; 

101 



TABLE A-39. ORD FADP BENEFITS FOR FUTURE DEMAND SCENARIO A (CONTINUED) 



TABLE A-40. ATL OPTIMAL FADP BENEFITS 

■\ f L 

AiL 

\TL 

ATL 

15 \l\ i-7 

L'liL.i 

2/1V//0 

2/23/73 
3/12//5 

r A^ALYMS T\isU: 

.\TL vVl7//b 

A VI- 1 1/2A//5 

4 ; ■"> A) 

3 4369 

11 

4367 ?4 

;612j 6323 ,6 2 1 1 j. 

tO/9/ 1170)1 -2532 

1 6/UJ ^ 44'■■■*■>») 1 3 h> 

;,y454 77ol r/ 

33 1 n >'3 

IJ--L ') 

6 795/1 PI 

263401 

347^30 

39 3334 

•^4 6359 262371 

12072 43 3742 45 

1 

126 \; 2? 

I 

:L 

/•j7570 23 4-3 46 

ovM69 276355 

11607 0:) 359J317 

1304624 4044 33 

9)1494 279463 

12 43045 335343 

1940257 

r'JJ.' 0 i-:. 

TlfL: 

AiT :V^;l//5 

WL P/17/73 

\1L 3/U/tS 

Ml. 9/17/75 

\i'L 1 1 /-V//r> 

i^i: -!':.HIT A--

1 9 /5 

■>3 7" 

3 -^6'5 

31 74 1 

I ;/'t34 

1 1 1 *j -? 

SIS i'-\JLd 

I9">O 

1-UiiL f)ULL/.?S ,L-M£L 

j.i.'l/ 1 17^, 

3/9 i".)o 

12 /73 

25 "56 1465CI 

7/^5 1 /2.H6 VV'406 3O-;545 

7-"!J4 13 2-U949 123/317 3i-356< 

9 4J0?4 ?.J?y3t I 403^3-i 435065 

5^/103 1 /5 U;l V Z7394 30; 

■? )!4-/4 219<xf'\ 134^15) *il 

1 090 

^5/043 ; //I 73 275023 

1 j 6iiy^. 

3 )-9^ 2 1^052 

0212 33 31>r/52 

2-j0279 396^16 

439240 446164 

0 3^67/ 320749 

3r' 1957 431406 

7051559 

2 

:..:- ■>. \ ) iTv; Li'-.i. -\: 



TABLE A-41. JFK OPTIMAL FADP BENEFITS 

FUR 15 MIri. r.\dt> bi-JbF IT ANALYSIS TAtiLE 

TITLc 1^ 75 1910 1935 1990 

rUtIL OLlr.LAHS FUEL DOLLARS FUHL QJLLARS FUEL 00TXA3S 

783712 1:114136 2849943 3810715 



35603 2 12170 3 3176971 4180321 

IMt-8 1-36 £LAHS£O TIME* 

sECUTIGi! d"1 JJI-7S )cTECTi£M 

113.05 



TABLE A-42. LGA OPTIMAL FADP BENEFITS 

r'Utf 

LJA 

LuA 

LJA 

LuA 

LJA 

LJA 

LJA 

T.J\ 

I..M 

15 ' 

TITU 

i/I 3/75 

1/20/75 

1/25//L 

3/1.2//'.; 

3/U//J 

3/1 y//l3 

5/04/75 
i/OV/o 

9/26// 5 

II/21//3 

I 1/24//5 

1 1/3 V/L-

r"A )H bl£Jl£FIT ANALYSIS 

19 iO 

JLLA^S FUaL '1!JLLA?3 

143yl2 46162 

2d1 '53y 779J3 

1/1/14 33231 

43/20 1335 3 

2046/0 ->3*-4/ 33646.; 104305 4 15055 

330/6-{ 10253'i 43IB.J2 1 4005 ̂ 52-j47y 16332-i 

?26'M9 /O32 3 30 47.15 '.''Mo 3 33/105 104502 

3 461 ;> -17 930 219376 *;} | 61 

3J3U> 775/3 30/ 330 95272 153340 4 7535 

2-j?j9/ 63053 2j2:U2 

66535 20625 162145 

205943 63li42 2/^430 

1-i6^33 5794/ 264 i >9 

2/!7.:« ■:'642 -iL>-»-t-3 

.■y >j42 JiJ6'il I40J..0 

-r / 22 In 

3l.,73l 
IV 

7 j2 J 

4.)) 172 123913 

4'0-i72 I 2 -, I 46 

21 4173 

Is; ?633 

I j-K i 20 6 

3i30"-^ 1I2'357 

20 4034 632 50 

401101 124343 

I4S1 I 3 

2 "UP) 393 /y 

2 3'■•01 / 71305 

1311 r.')ti 

\.\\ il/3)//'.i 

y /:, 

A! ALYMH i'\,.L-; 

! I ,-lv.L >ji.L■•■."?': ;: : L : )T.T.A -. 

2 1'; U 2 ■ V.'j 91 2hi-r( \ ■;<;*,6 , 3^ 2 3 1 0 1 r 9 ? I 6 ? *' y n 71 12061 i 

/.i.//2 2-r35/ 1IIJ15 J4j^2 21'12::O 6S-\\V; 2/:>l:5 h6^,32 

I42J/') •■41 vi -!O54/3 3462/ 3104^^ \-tyyjA 3-9425 114321 

242;'3^ V-jiiM -:-'/3i< y0-/4.) 3='>/L>29 I 1.-93'^ 411-irjn 12/6:J4 

63 ■ fj 11/ • 3) l'2-v'"■■•! J V*iW-) 2\l..)2 .V 6 •»;■.' >:>6001 793^0 

11-jp.; j:j/4.> !-i ■. ■■'.*:> -iy/3i 3-<;ii:;i i :>":;/6 4/V513 147/19 

:;--;ii/1: Jl /M .;43VP. 10*4'W 4/ )l 76 |.^/3-. _- ^331 I 162,16 

•>~7>"».l 7'.M3 .:;.i2J-:i l.'?;32 4- r.'l / I.-'... 36 J ..J1294 17/vOl 

iji.l 243-^Z 14,y|2 if-K-^ 'MV)-;.-) " ItS'.Yi 3:^2 >3 111377 
1J. '1 .i-j . 42 :21 I" I'M*.' i<'\ fi" ?*.)\ •:>.*. /*«*■! ?/"'il3 ^6432 

n./>-ii> •'v;N.j;!-,i •■;.'?:wf."5i -;y~--")6i«-. 

106 



TABLE A-43. ORD OPTIMAL FADP BENEFITS 

•03 15 

URD 

u.w 

JiJU 

■JRO 

Jin 

FA)P ocMEFIT ANALYSIS TA3LZ 

17 75 19:jO 1915 

FUEL DOLLARS FUEL OULLAHS FUEL DOLLARS 

l/Od/75 

1/O9/75 

1/10//5 

1/29/75 

2/05/7b 

2/15/75 

2/23/75 

2/25//5 

3/24/73 

3/27/75 

4/02/75 
4/03//5 

4/13/75 

4/19/75 

5/30/75 

6/12/75 

6/1 ///5 

3/20/75 

1/22/75 

9/11//5 

10/17/75 

10/22// 5 

10/2J/75 
I0/2V 7 b 

10/31/75 

1 1/02/75 

11/09/75 

JI/13//5 

11/26/75 

1 WO 

FUEL DOLLARS 

663 735 

502396 

567448 

1592^3-t 

171993 

1 3368 

31637H 

1 62 i 59 

545J31 

277425 

12 4-P03 

61316 

12'JJ/S 

t33350 

79i63 

45539 

135036 

712/1 

29246 

23574 

520360 

123997 

33 1 1 4 

207307 

70817 

155742 

1 7590., 

493B09 

270317 
569 4 

9007/ 

•30 436 

602 J 

168959 

150625 

16001 

38719 

21 177 

37223 

4 1 331 

24602 

1411/ 

5734/ 

22 09 4 

9066 

#357 

161311 

403004 

10263 

27169 

11124/ 

124931 

10 1999 7 

46/769 

316199 

145001 

251376 

TJTALS 

9239/2 

2079336 

1214850 

104090 

651 73 4 

35dl '»6 

230449 

613 7306 

560273 

339222 

219 154 

242919 

320905 

352436 

223593 

175214 

347 119 

206 22 3 

133 1 1 0 

i2 1 1 30 

719260 

173211 

632 1 4l 

7 331 X) 

1 t/*kJ3/6 

6445P4 

3/6603 

3226/ 

202053 

1 11031 

H 439 

21306^ 

173684 

12065-.* 

39637 

75304 

99480 

109255 

69313 

5433 3 

107606 

63929 

428 1 4 

68550 

53693 

62252 

I9596J 

227261 

1052321 

4^167 

2 1 1 92 4V 

1272739 

124502 

6^2 336 

333693 

250522 

694R34 

571664 

4W32O4 

313303 

257403 

359544 

369 446 

251198 

20 7717 

3678 22 

326219 

151331 

2 66563 

297190 

656967 

394549 

38595 

2 11524 

161252 

263312 

741722 

28 4080 

191061 

2 339 45 

770228 

77 661 
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APPENDIX B 

SIMULATION METHODOLOGY 

B.I INTRODUCTION 

The original simulation runs were made utilizing AIRS I as a 

simulation tool. Because of the number of simulation runs re 

quired and the combination of cost and time required in using 

AIRS I a Benefit Analysis Simulation (BAS) was developed and used 

to calculate the fuel saving benefits presented in this report. 

The BAS results were verified by comparison to the AIRS I simula 

tion runs. This appendix delineates the simulation methodology 

used, a verification of the simulation tools, and a description of 

the BAS. 

B.2 AIRS I SIMULATION 

The AIRS I primary and test systems' data bases contain demand 

data for the current, previous, and subsequent months. The only 

way to simulate the 1975 cases was to utilize this data base. 

Ho\\rever, the hourly demand for the 1975 cases differed from the 

available 1976 data. This problem was circumvented as follows: 

a. For each problem day in 1975 the hourly demand and capac 

ity were tabulated. 

b. The hourly demand for the 1976 day used for simulation 

purposes was retrieved from the computer system. 

c. The hourly differences between the 1976 day and each 1975 

problem day were determined to obtain demand numbers. 

d. The 1975 hourly capacity numbers were then adjusted by 

the demand numbers. 

e. These adjusted capacity numbers were then entered into 

the AIRS I program and the simulation runs made. 

The benefits of the problem days that occurred in October 1975 

were simulated in 1975 using the actual days' AIRS I demand data. 
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A verification run was made for the October 24, 1975, data, using 

the above methodology and compared to the original run. The 

results are delineated below for the ADP period. 

These results are considered to have an excellent correlation, and 

the same methodology was used for all runs made for the baseline 

simulation study. 

B.3 ESTIMATION OF MISSING CAPACITY DATA 

The Performance Summary Profiles generally had any reduced 

hourly capacity figures delineated. In several cases these 

figures were missing, but the time the delays reached 30 minutes 

were recorded. Using this recorded time the capacities were 

estimated as follows: 

a. A graph was plotted of the hourly demand rate. 

b. The time where the delays initially exceeded 30 minutes 

was plotted on the graph. 

c. A line parallel to the time axis scaled for 30 minutes 

was plotted between the demand curve and the initial 30-minute 

delay. 
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d. A line drawn between the origin and the 30-minute delay 

line intersction yields the hourly capacity rate. 

An example of this is shown in Figure B-l. 

B.4 BENEFIT ANALYSIS SIMULATION (BAS) 

B.4.1 BAS General Description 

The Benefit Analysis Simulation (BAS) is an hourly event 

simulation. It models arrival delay problems and the Fuel Advisory 

Departure (FAD) procedures for an airport on an hour-by-hour basis. 

It considers the arrivals during an hour and the aircraft holding 

from the previous hour in computing the landed flights for a given 

landing capacity. In the event that aircraft must be held (in the 

air) into the next hour, the BAS examines the stack situation in 

view of the modeled flow control procedures (FAD 48-minute destina 

tion hold limit or FAD 30-minute hold limit). The average destina 

tion hold stack size is computed based on the FAD hold limit and 

the projected landing capacity in the following hour. The aircraft 

holding in excess of this destination stack size are considered to 

be flow controlled. Since FAD does not ground delay every flow 

controlled flight (i.e., only those within a 2-1/2 hour flight 

time), the ground delayed flights are determined by applying a 

percentage ground factor derived from a series of AIRS I flow 

control simulations covering most of the problem days which occur 

red at the airport during 1975. Having the number of flights flow 

control ground delayed each hour and assuming that they are delayed 

during the entire hour, the number of ground delay minutes are 

computed by multiplying by 60. A simple multiplication of these 

ground delay minutes by the average holding fuel consumption rate 

of the fleet mix for that airport (derived also from the AIRS I 

1975 problem day simulations) gives the projected FAD fuel savings 

in gallons. Multiplying the gallon savings by the cost per gallon 

gives the fuel dollar saving benefit. Summing up the savings for 

each hour in the day produces the total fuel and dollar savings 

for the simulated problem day. 
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In modeling a given problem day for an airport, two sets of 

data must be prepared: the hourly arrival traffic loads and the 

hourly landing capacities, The preparation of traffic loads starts 

with a given (exact) traffic load condition experienced during the 

airport's 1975 actual problem situation to be extrapolated into 

the future. A given percentage traffic increase (from third gen 

eration FAA system studies) is applied to these hourly traffic 

loads. To approximate a rescheduling of this traffic, if greatly 

over the normal landing capacity, a spread algorithm is employed. 

The algorithm is given an allowable percentage over normal landing 

capacity, and if the increased load exceeds this allowable schedule, 

it spreads the excess traffic into the nearest hours where no excess 

exists. The spread is divided uniformly, half being spread into 

earlier hours and half spread into later hours. Obviously, this 

traffic spread is controlled such that it does not overload any 

other hour. The hourly landing capacity is also obtained from the 

actual problem day in 1975, and the hours for which no data were 

recorded are given the normal IFR capacity value. 

The BAS is constructed in such a way that it performs a batch 

of simulations in one run. It thus is capable of simulating 

hundreds of problem situations at one time, efficiently and timely. 

Specifically, it models several problem day profiles (a profile 

corresponds to one 1975 problem day). For each problem day pro 

file, it simulates the traffic increases for 1980, 1985, and 1990. 

For each of these, it simulates the benefits from the 48-minute 

FADP procedure and from the 30-minute FAD. A spread factor can 

be entered for each batch run, and thus several runs would produce 

the results of rescheduling traffic peaks to various degrees. 

B.4.2 BAS Specific Simulation Functional Description 

The following paragraphs present the functional steps in 

volved in performing the Benefit Analysis Simulation. The func 

tional steps have been abstracted from the software design and are 

presented in a pseudo design language mode. This section is pre 

sented as an aid in understanding the BAS methodology and is not 

intended to give an accurate reproduction of the simulation pro 

gram structure. 

113 



STEP NUMBER FUNCTIONAL DESCRIPTION 

1 Initialize report tables for generation of two 

pages of output, one for each of two FAD criteria 

(e.g., 48-minute desired airborne stack). Each 

page must have four groups of two columns of date. 

Each group represents a prediction year (i.e., 

1975, 1980, 1985, and 1990), and each column 

represents the gallons .saved and the fuel cost 

savings. Provide for column totals at the bottom 

of each page. 

2 Read in the two FAD criteria (e.g., 48, 30 minutes) 

3 Process through Step 23 for one page of output for 

each of the two criterion. 

4 Read in all airborne arrival counts and landing 

capacity data for all problem days for airport 

being analyzed. 

5 Process through Step 21 for one days' problem 

(loop back for next problem). 

6 Process through Step 20 for one years' arrival 

projections (loop back for next year until 1990 

processed). 

7 Process through Step 10 for each hour of the 

problem day. 

. 8 Add growth factor to hours' arrivals count except 

for 1975 to determine the projected arrival in 

creases . 

9 If a growth increment has to be added to the 

hours' arrival count and the new arrival counts 

exceed the spread threshold, the spreading 

algorithm will be used. The number of flights 

which exceed the capacity threshold will be spread 

into the nearest nonoverloaded arrival hours. 

Half of the excess arrivals will be moved forward 

in time and half backwards. 
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1° Loop back to Step 7 until each hour of the day 

has been processed. 

11 Process through Step 16 for each hour of the 

problem day. 

12 Add this hours' arrival count to the arrival 

stack. 

13 Subtract this hours' landing capacity from the 

arrival stack, and if negative, stack reset stack 

to zero. 

14 Using the next hours' landing capacity, compute 

the number of aircraft to be held in the air in 

accordance with the FAD criterion [an empirically 

derived fraction based on AIRS I). 

15 Add to the flow controlled aircraft count the 

number of aircraft in the arrival stack which 

exceed the FAD airborne holding count of Step 14. 

16 Loop back to Step 11 until each hour of the day 

has been processed. 

17 Using the empirically derived (from AIRS I) 

fraction of flow controlled aircraft which would 

be given ground delays, compute the number of 

aircraft grounded of the flow controlled aircraft 

count. The resulting count represents the number 

of aircraft hours of ground delay for the day. 

18 Multiply the results of Step 17 by the average 

hourly fuel consumption for the traffic mix 

(derived emperically from AIRS I for the airport 

being processed). The resulting answer is the 

gallon savings for that day and for the year in 

question, and the FAD criterion of the page. 

19 Similarly, multiply the gallon savings by the 

average cost per gallon of aviation fuel to give 

the days' dollar savings due to FAD ground delays. 
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20 Loop back to Step 6 until each of the 4 years has 

been processed. 

21 Loop back to Step 5 until each problem day of the 

run has been processed. 

22 Compute each of the column totals for the page 

(one FAD criterion). 

23 Loop back to Step 3 until both FAD criteria have 

been processed. 

24 Print both pages of data with appropriate head 

ings and problem day identifications. 

B.4.3 BAS Verification 

For FY75, 53 AIRS I simulation runs were made. A total of 31 

and 22 simulation runs were made for the 48- and 30-minute criteria, 

respectively. The same runs were then made with the BAS. The 

overall results were as follows: 

For the 48-minute FADP criterion the overall BAS results were 

within 1.8 percent of the AIRS I results. 

For the 30-minute FADP criterion the overall BAS results were 

within 2.2 percent of the AIRS I results. 

For FY90, three 48-minute FADP criterion and four 30-minute 

FADP criterion AIRS I simulation runs were made. For these seven 

runs all the BAS results were within 6.1 percent of the AIRS I 

simulation results. 
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APPENDIX C 

FUNCTIONAL DESCRIPTION OF THE ADVANCED SYSTEM 

The description contained herein is based upon the June 28, 

1976, Computer Program Functional Specification for the Advanced 

System. It is not intended to be a complete description. 

There are four major service areas activated by input messages 

and producing an assortment of reports, listings, and flow control 

tables. These areas are defined as data count messages, data list 

messages, simulation messages, and data base update messages. 

The first area, data count messages, provides the users with 

flight traffic loading information. The user is given the option 

of either an arrival traffic report or a departure traffic report. 

Each report can be obtained for any airport of interest or ARTCC 

of interest. Further selectivity is provided, reporting the 

activity of specific airlines, aircraft types, and specified time 

periods. The user is also given a report option to tabulate 

arrival traffic at a specified arrival fix associated with one of 

the pacing airports. There are about 10 to 20 pacing in the system 

and an estimated 200 fixes of interest. 

The second service area, data list messages, supplies the 

users with individual flight information, airport landing capacity 

estimates (previously entered), and/or airport general aviation 

estimates (previously entered). The latter estimates are used in 

approximating future traffic loads attributed to the general 

aviation segment of the air traffic. The flight information list 

ings may be obtained by selecting the airport or the ARTCC of 

interest and specifying the qualifiers similar to the data count 

messages. An additional option is provided to produce a listing 

of all flights with the same flight identification. This option 

is useful in retrieving multiple leg flights without specifying 

the airport involved. The flight listings are sorted by arrival 

or departure time corresponding to arrival listings or departure 

listings. 

117 



The third area concerns simulation messages. There are three 

types of simulation messages: airport arrival delay predictions, 

quota flow control procedures, and Fuel Advisory Departure (FAD) 

procedures. These simulations can be performed for any of the 

pacing airports, on the current day. The simulation products in 

clude a delay prediction report, a release rate table, an FAD-

assigned delay table, and a listing of individual flight flow 

control assignments. 

The last area deals with data base updating messages. The 

users can enter or cancel individual flight records from the cen 

tralized data base. They may also inhibit a pseudo cancellation, 

on a temporary basis, of a specified flight or an entire airline's 

flights. This inhibit message (and its converse activate message) 

provides a simple method of updating the data base, as might be 

required in anticipation of an airline strike. The user can also 

enter two types of data associated with an airport for use in 

generating the simulations: the hourly estimated landing capacity 

and the hourly general aviation estimates. These data entries 

provide the means to structure the problem environment for airport 

delay predictions and flow control simulations. 

It must be noted that the Advanced System is designed to 

collect automatically flight status and position data from the NAS 

computers and to incorporate these data into its centralized data 

base to improve accuracy. 
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APPENDIX D 

FUNCTIONAL DESCRIPTION OF THE CURRENT AIRS I SYSTEM 

The AIRS I automational features are described as they now 

exist on a commercial computer service (a DECsystem-10 computer 

system). The AIRS I system has been supporting the operations of 

the ATC Systems Command Center continuously since January 1971. 

Although AIRS I employs a free form command language, the messages 

can be discussed for convenience in the service area groupings 

used in the Advanced System description, Appendix C. These areas 

are: data count messages, data list messages, simulation messages, 

and data base update messages. 

The first area, data count messages, provides the users with 

flight traffic loading information presentable in a variety of 

formats. The user can request either arrival or departure traffic 

reports or both in one report. Each report can be obtained for 

any airport or group of airports and/or for any ARTCC or group of 

ARTCC's. Further selectivity is provided, reporting only an air 

line or airlines flights and/or for an aircraft type or types, for 

a specified report time period. In addition, the reports may be 

specified to contain the traffic activity for airport pair and/or 

ARTCC pair relationships. This feature permits the user to obtain 

traffic loads between a specified set or sets of geographic loca 

tions. AIRS I has the option of negating any or all of the selec 

tivity parameters to provide traffic loading reports for "all 

except" situations. For example, this can be used to report on 

all arrivals at an airport except for a specified airline which is 

on strike. The variety of formats supported by AIRS includes the 

standard reports, optional subdivision reports, and graphical 

(plotted) presentations. The data subdivision reports allow the 

user to obtain traffic loading information tabulated by any of the 

qualifiers or selectivity parameters. For example, it provides 

the users with optional tables of hourly traffic by airlines, 

origin airports, aircraft types, Estimated Time Enroute (ETE) 

ranges, and carrier classifications. The graphical presentation 
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options yield bar and line graphs showing traffic loading and 

landing capacity estimates by time. Last in this first area of 

reports is a traffic load report by fix association. This fix 

report can be obtained for any flow controlled airport with pre 

defined zone structures. Zones and flow controls are supported 

for all airports in the AIRS I data base. 

The second service area, data list messages, supplies the 

users with individual flight information, airport landing capacity 

estimates (previously entered), and/or airport general aviation 

estimates (previously entered). The flight information listings 

may be obtained in association with any or all of the data count 

messages and simulation messages. Either the entire traffic list 

ing or any part thereof may be listed. Listings can be qualified 

by any of the selection parameters used in the data count service 

area messages. The listings are automatically sorted by time but 

have optional sorting choices using any of the listed data fields. 

Listings may be subsorted down to nine levels. For example, the 

user may request a list of flights sorted primarily by airline, 

subsorted by aircraft type. He may also request flight listing 

estimated time enroute and within that by ARTCC. AIRS I has an 

optional compressed format feature, which takes the normal listing 

and tabularly compacts the information for more efficient com 

munication network transmission. 

The third area concerns simulation messages. There are four 

types of simulation messages: airport arrival delay predictions, 

quota flow control procedures, Fuel Advisory Departure (FAD) 

procedures, and Advanced Flow Control Procedures (AFCP). These 

simulations can be performed on any airport known to the AIRS I 

data base of over 1200 airports. The simulation products include 

delay prediction reports, a release rate table, an FAD-assigned 

delay table, the previously mentioned individual flight (assign 

ments) listings, a compressed FAD-assigned delay table for effi 

cient transmission, a graphical plot selection covering eight 

parameters and having up to four per plot, and a Quota-Flow-map-

based display depicting directional traffic loadings and flow 

control data. The simulation products have the additional 
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capability of being produced for any date or day within the normal 

45-day coverage supplied by the AIRS T data base. This enables 

advanced problem assessments and past problem reconstruction and 

analysis. 

The last area deals with data base updating messages. The 

user can enter or cancel individual flight records from the cen 

tralized data base. The user can enter three types of data 

associated with an airport for use in generating simulation pro 

ducts and loading reports. The types are: hourly estimated land 

ing capacities, hourly general aviation estimates, and hourly 

departure delay estimates. These data entries provide the means 

to structure the problem environment for airport delay predictions 

and flow control simulations. 

It is noted that AIRS I has a subsystem which collects and 

summarizes flight status and position data from the NAS computers 

received in real time through the existing FAA Center B communica 

tion network. At the present time AIRS I does not have these data 

incorporated into the central data base used by the retrieval and 

simulation subsystems. 
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