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FOREWORD 

The development and introduction into operation of the super¬ 
sonic transport (SST) is a matter of national policy. This policy 
will be made at the Executive level partly through economic analy¬ 
ses. The Federal Aviation Agency (FAA)has a major responsibility 
in conducting the economic analyses of airline operations involving 
the SST and advanced subsonic jet airliners. This report describes 
an analysis of the aircraft operating costs and represents the con- 
tributionofResearchAnalysis Corporation to the FAA SST program. 

The source of much of the information received from the avia¬ 
tion industry has not been identified in this report because of the 
need to respect the proprietary nature of the data. 

C G. Whittvnbury 
Head, Science Si Engineering Department 
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ABSTRACT 

Drring the second phase of the supersonic transport (SST) devel¬ 
opment the Research Analysis Corporation (RAC) assisted the Federal 
Avt ition Agency (FAA) in an investigation and analysis of the economic 
feasibility of the aircraft. This effort was completed 31 December 
1966. Supersonic aircraft operation was simulated by RAC through use 
of a cost model structured to reflect the environmental (physical and 
social) elements to be encountered by the airlines in 1980. These oper¬ 
ating costs served as input to the FAA economic model designed for 
use in determining the investment return to be realized as a result of 
SST development and usage. 

RAC study results indicate that the SST will exceed the seat-mile 
costs of advanced subsonic aircraft by 5 percent on international routes 
of 3500 statute miles and by 20 percent on the 1500-mlle domestic dis¬ 
tance. Ground stop time, curfew restrictions, and scheduling constitute 
major restraints on hour-per-day utilization of aircraft. A utilization 
level of 8.5 hours per day was projected for airline operation of the SST. 

In relation to SST operating costs the most critical element con¬ 
cerns the amount of supersonic flight allowable. The necessity for sub¬ 
sonic cruise, because of the sonic boom restriction, adds measurably 
to supersonic aircraft operational expense. 

X 



SUMMARY 

ProbUm 

To determine and project the direct and indirect operating costs associ¬ 
ated with the Supersonic Transport (SST) and competing subsonic aircraft in 
domestic and international airline operations and to devise an operational cost 
model to aid in the determination of the overall economic feasibility of the SST. 

Facts 

A program to develop an SST throu^i the joint participation of the US 
Government and industry was established in 1963. Since that time, under the 
guidance of FAA, both the engineering and economic aspects of the program 
have been studied. In February 1966 RAC undertook the study of “Cost Analy¬ 
sis of the Supersonic Transport in Airline Operations” as part of the Phase HC 
activities. The scope of the work performed is consistent with requirements 
of the FAA contract with RAC, FA-SS-66-12, Article n, para 3. This study, a 
major portion of an overall economic assessment, identifies operating costs 
resulting from the SST projection into commercial airline service. 

Discussion 

Cost-estimating methodologies developed by the organizations listed in 
the accompanying tabulation provided the foundation for the present study. 

Date methodology 
Organization was developed Code 

Air Transport Association 1960 ATA60 
Air Transportation Association 1966 (proposed) ATA66 
Operations Research, Incorporated 1964 ORI 
Planning Research Corporation 1964 PRC 
FAA (Boeing-Lockheed) 1966 FAA66 
Lockheed Aircraft Corporation 1965 LAC 
Pratt and Whitney 1965 P and W 
General Electric Company 1965 GE 

Study Constraints 

The following summary statements reflect the output of the RAC cost 
model. 



SUMMARY 

1. The operating costs for the US SST shown in tabular form in this 
Summary are based on a composite US SST aircraft having the combined 
performance characteristics of the L-2000-7A and the B-27C7. 

2. Competing aircraft, i.e., the B-707, DC 8-63, B-747, and the Con¬ 
corde only are considered. 

3. All costs, except as specifically noted, are those recommended by 
RAC and reflect 1980 costs in terms of 1967 dollars. 

4. All distances shown are in statute miles; zero wind. 
5. The terms “domestic rules” and “international rules” shown on tables 

and figures refer to different cost factors and procedures in determining cost 
levels (see App E, “FAA Ground Rules”). 

6. In the determination of indirect costs a passenger load factor of 58 
percent was assumed. 

Approach 

An operating cost model was developed to simulate SST operations in the 
environment of worldwide airline operations. 

An additional program was written to provide machine computation of the 
several cost-estimating methodologies developed in Phases na and üb for com¬ 
paring operating costs of present generation subsonic, proposed subsonic and 
supersonic aircraft. 

Contacts were established and maintained and discussions held with rep¬ 
resentatives of airlines and aircraft and engine manufacturers during the 
progress of the study. Consequently, “real-world” conditions are reflected in 
the considerations presented. 

Findings 

COST MODEL DEVELOPMENT 

si _ 
Two approaches were used in the development of an operating cost model. 

First, a regression model, based on airline experience data, was developed. 
Second, qualitative and quantitative testing of existing cost-estimating relations 
was performed to determine internal consistency and computed variance with 
CAB data. The model selected was based on the second approach. Further 
modifications then were made to the selected model to reflect the airline ex¬ 
perience of 1964 and 1965 and the information and opinions obtained during dis¬ 
cussions with personnel from both airlines and manufacturers of aircraft. 

The operating cost model consists of two machine programs. The first 
program, Mission-Supersonic Transport (MISST), is used to determine the 
block fuel and block time for a specified payload and block distance. MISST is 
intended primarfly as a tool for analyzing missions having a mixture of subsonic 

2 
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SUMMARY 
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and supersonic cruise segments, also to compare standard and hot-day per¬ 
formances and the effect of varying gross takeoff weights. 

The second program, Operating Cost Model (OCMODL), is used to com¬ 
pare the output of the various methods of computing direct and indirect oper¬ 
ating costs developed by different organizations and to compare the operating 
costs of different aircraft, both subsonic and supersonic. OCMODL accepts 
input from the MISST program or any other source and provides costs ex¬ 
pressed in dollars per mile, dollars per trip, and dollars per seat mile for 
all direct and indirect cost accounts. 

AIRCRAFT UTILIZATION 

The estimated annual utilization levels for several types of aircraft, 
supersonic and subsonic, at two distances established in the FAA ground 
rules (1500 miles for domestic operations and 2000 miles for international 
operations) are shown in Table 1. Estimates were made that in 1980 the SST 
will average a daily utilization rate of 8.2 hr (3100 hr annually) in domestic 
operations and 8.L hr (3200 hr annually) in international operations. These 
estimates were derived from equations that consider the environmental factors 
affecting aircraft utilization. Information concerned with aircraft environment 
and utilization was obtained in large part from discussions held with persons 
engaged in airline planning management. The accompanying tabulation shows 
the proposed values. 

_Factor_ Proposed value 

Curfew 8 hr/day (10 PM to 6 AM) 
Flight stop 45 mina 
Daily inspection 2 hr 
Contingency factor 0.75b 

aFor en route stop and turnaround. 
bRepresents ground and flight delays resulting 

from boom considerations and other unpredict¬ 
able variables. 

An analysis was made of SST route scheduling for 20 major international 
and domestic carriers. The route schedules, reflecting probable SST route 
stricture and flight scheduling, were examined to determine the levels of 
utilization achievable for this aircraft. For the purpose of this analysis the 
Concorde utilization rates were considered to be equivalent to those of the US 
SST. SST utilization will reflect “learning” slope effects,and improvement in 
air carrier operation in the first 5 years of SST operation is forecast. The 
values in Table 1 represent the aircraft utilization forecast for 1980. 

RAC-R-20 
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Tabla 1 
UTILIZATION AS RELATED TO DISTANCE: 

ESTIMATE FOR 1980 
(Hours per year) 

AÍ££Iâ£t 
Pistance 

ISfiû ¡liles I ¿900 Miles 

B-747 
DC 8-63 
707-320B 
Concorde 
OS SST 

3800 hours 
3800 
3800 
3100 
3100 

3900 hours 
3900 
3900 
3200 
3200 

The annual utilization rates of the competing subsonic aircraft were de¬ 
termined through an analysis of historical data. These aircraft included the 
B-707 and the DC-8-63. The B-747 utilization was projected on the basis of 
current subsonic operation. 

OPERATING COSTS 

Costs generated for SST feasibility analysis were based on two require¬ 
ments: (a) responsiveness to the demand analysis that required special cost 
allocation and (b) provision of a broad costing flexibility within the limitations 
of the cost model. Operating costs therefore are presented both for the de¬ 
mand-analysis requirement for seat and passenger expense and for the broader 
scope of comparative analysis that required a complete display of performance 
variation. 

The operating cost model includes predictive equations for both direct 
and indirect costs. Maintenance cost-estimating relations (CERs) were de¬ 
veloped by regression techniques and by further development of the Air Trans¬ 
port Association Specification 100 (ATA Spec 100) method. 

Direct Costs 

The direct cost methodology resulted from an analysis of six previous 
costing techniques in which implicit logic was used for model selection. The 
model selected on this basis was subjected to a further test by comparing the 
output with actual data from airline jet experience. The data thus derived 
then were used for the supersonic forecast, by projection within statis¬ 
tical confidence bands. Direct costs are divided among crew, fuel, maintenance 
(including burden), depreciation, and insurance. 

Indirect Costs 

Indirect operating cost equations were derived from a review of existing 
methodologies developed during Phase I and Phase H activities and supported 
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SUMMARY 

by the results of discussions held with airline and manufacturers’ personnel. 
These equations are generally consistent, with minor modification, with the 
cost centers shown in the FAA ground rule equations. Coefficients were de¬ 
veloped with statistics reflecting 7 years (1959-1965) of airline operation. 
The formulas and coefficients developed resulted in prediction of greater 
than 96 percent accuracy when tested against actual reported costs for the 
years 1962 to 1965. Indirect cost items are divided among (a) ground property 
and equipment, (b) aircraft servicing, (c) aircraft control, (d) cabin attendants, 
(e) passenger food, (f) traffic servicing, (g) servicing administration, (h) reser¬ 
vation and sales, (i) cargo commissions and advertising, and (i) general ad¬ 
ministration. 

Methodology Comparison 

The FAA established a set of ground rules (App E) that when used in con¬ 
junction with the associated SST performance and design-specification data, 
provided a basis for comparing direct and indirect operating costs. Table 2 
compares the FAA ground rules with the recommended method proposed by 
RAC. The recommended RAC method is the basis for all costs shown in this 
report. 

Table 3 is a quantitative comparison of costs as predicted by the 1966 
FAA ground rules and the methodology that is recommended by RAC. These 
numbers reflect SST aircraft costs based on a 2000-mile international 
operation. 

Tabla 3 

IS SST 0FER1TXIG COST CONP&11SOR 
(2900-Statata-aila iataraatioaal operatic*) 

Bstiaate 1910 

Cost itea F»A 66 RAÇ Percent 
Diffe£ençe-R*Ç 

Direct operating costs 

Crew 
Oil and fuel 
Insurance 
Depreciation 
Naintenance 
A/c labor 
Engine labor 
A/c aaterial 
Engineering aaterial 
Burden 
Total S6758 $6972 

$372 $456 
2363 2359 

697 697 
1953 1745 
1474 1716 

153 225 
100 132 
271 197 
521 474 
111 ÍS2 

-5.8 
♦ 16. 4 
♦ 47. 1 
♦ 32.0 
-27.3 
-9.0 

♦ 60.6 
♦ 3.2 

♦ 22.6 
-0.2 

0 
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SUMMARY 

Table 3 (continued) 

Cost item FAA 66 RAC 

Ilidi£§£t o£erat¿na costs 
Itea : 

Percent 
Difference-RAC 

1. Ground prop.6 equip $104 
2. Aircraft servicing 1034 
3. Aircraft control 62 
4. Cabin attendants 284 
5. Passenger food 181 
6. Traffic servicing 1929 
7. Servicing adainistration 292 
8. Reservations and sales 2461 
9. Cargo sales 

10. General adainistration 636 
To* al $6980 

$243 
1232 

6S 
288 
539 
2046 
307 

2546 

800 
$8063 

♦133.7 
19.1 
♦ 4.8 
♦ 1.4 

♦197.8 
♦ 6.1 
♦ 5. 1 
♦ 3.5 

♦25.8 
♦ 15.5 

Table « 

PEICEVT TALEE OP IIDITIDBAL C03T ITEMS OP 
TOTAL OPERAT!EG COST 

(2000-Statata-Rila lateraatioaal Operation) 

US §ST £-707 

Crew 3$ 9$ 
Fuel and oil 16 10 
Insurance 4 2 
Depreciation 11 9 
Maintenance 12 10 

Total diiect costs 46X 40* 

Ground property 6 equipaent 2% 
Aircraft servicing 8 
Aircraft control 1 
Cabin attendants 2 
PAX food 4 
Traffic servicing 14 1 
Servicing adainistration 2 4 
Reservations uad sales 17 17 
Cargo sales 
General adainistration 5 5 

Total indirect costs 54X 60X 

Total all costs 100X 100X 
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Table 4 lists and compares the percentage breakout, by cost item, for 
the supersonic transport and the current 707 subsonic aircraft. 

Although no marked difference is noted in the indirect cost items, variance 
in expense is evident for fuel and maintenance costs. 

AIRCRAFT CAPABILITIES 

Pay-Load Range 

A primary consideration in determining operating costs is the aircraft 
payload-range capability. Variation in payload-range capability is shown in 
Table 5. Range is based on reserves specified in the FAA economic ground 
rules. 

Table 5 

PAYLOAD - RANGE DATA 
(lateraatioaal rales) 

Naxiaua payload Range Î naxiaun payload 
Aircraft (pounds) (distance) 

707-320B 40,000 5,360 
DC 8-63 47,000 4,670 
B-747 120,000 3,870 
CONCORDE 26,000 3,650 
SST 60,674 4,000 

Seating Capacity 

The number of seats in each type aircraft considered in computing seat- 
mile costs are shown in Table 6. Although seat-mile costs are an important 
parameter for measuring aircraft earning power they should not be used ex¬ 
clusively as the basis for selecting an aircraft. Seat-mile coL-ts are derived 
from the per mile aircraft operating cost. Thus it is necessary when select¬ 
ing an aircraft to compare the breakeven passenger load costs of aircraft hav¬ 
ing different seating capacities with probable passenger demand in any given 
route structure. The number of seats used for the costing exercise for the 
subsonic aircraft represent judgment based on conversation with several air¬ 
lines and the aircraft manufacturers. 

9 RAC-R-20 
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Table 6 
AIRCRAFT SBATIRG CAFACITT 

Doiestic intsrsatloaal 
First class Coach Total First class Coach J Total 

707-3203 30 

DC 8-63 40 

747 75 

Concorde 21 

L-2000-7A (PCS)46 

B-2707 (GE) 56 

119 149 

162 202 

274 349 

94 115 

195 241 

227 283 

14 

20 

33 

12 

28 

32 

147 161 

204 224 

351 384 

112 124 

230 258 

272 304 

COST ALLOCATION 

The demand analysis required both seat- and passenger-cost informa¬ 
tion as a function of range. Seat and passenger costs were allocated as 
shown in the accompanying tabulation. 

Seat Cost 

Direct cost: 
Maintenance x 
Fuel x 
Crew x 
Insurance x 

Indirect cost: 
Ground property & equipment X 
Aircraft servicing 90% 
Aircraft control X 
Cabin attendants 
PAX food 
Traffic servicing 
Servicing administration 80% 
Reservations and sales 
Cargo sales 50% 
General administration 

Passenger Cost 

10% 

X 
X 

20% 
X 

50% 
X 

10 
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Seat Costs 

Seat costs represent those expenses relating to the operation of a flight 
and include appropriate overhead and variable costs. 

Table 7 shows seat cost in dollars for a series of aircraft including the 
US SST. Seat costs for the US SST are shown to be less than those for the 
Concorde at all distances for normal supersonic missions. The US SST also 
is shown to be competitive with the subsonic jet aircraft for the longer 
distances. 

Ttbl* 7 

SEAT COST* vs DISTANCE 
(Istaraatloaal rules) 

Dollars per seat 

Distance 707-320B DÇ8-63 B-747 

US SST US SST 
Subsonic Supersonic 

Ç2DÇO£de »light flight 

500 
1000 
1500 
2000 
2500 
3000 
3500 
4000 

111.87 
15.51 
19.40 
22.95 
26.65 
30.42 
34.27 
38. 10 

I 9.52 
13. 14 
16.77 
20.40 
24.02 
27.66 
31.29 
34.93 

$10.83 
13.69 
16.84 
19.84 
22.88 
25.93 
29.00 
32.07 

$18.52 
22.86 
27.22 
31.66 
36. 14 
40.83 
45.95 
50.47 

$16.39 
22.94 
29.58 
36.5 9 
43.37 
50.52 
56.18 

$15.32 
18.23 
21. 39 
24.57 
27.79 
31.32 
74.99 
38.82 

* Includes: Baintenance and burden 
IOC Iteas 
1. Ground property 6 eguipaent 
2. Aircraft servicing (93$) 
3. Aircraft control 
7. Servicing adainistration (80$) 
9. Cargo sales (50%) 

Passenger Costs 

Passenger costs include all cost accounts, both overhead and variable, 
associated with the handling and solicitation of passengers (or all costs other 
than those included in seat cost). 

Table 8 compares passenger cost for subsonic, Concorde, and US SST 
aircraft. Passenger costs are slightly lower for the US SST when compared 
with the Concorde and measurably lower when compared with the subsonic 
aircraft. 

RAC-R-20 
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Tabla 8 

COST m PASSENGER IN DOLLARS* vs DISTANCE 
(Iitaraatioaal rales) 

Distance 

500 

1000 

1500 

2000 

2500 

3000 

3500 

4000 

-Aircraft 
707-3200 
DC8-63 
B- 747 

OS SST 
Subsonic 
IliSÎLt 

OS SST 
Supersonic 
night Concorde 

$22.62 

28.85 

35.17 

41.47 

47.78 

59. 14 

66. 31 

73.46 

$22.74 

29. 38 

36.02 

42.91 

49.34 

58.66 

** 

** 

$22.27 

27.91 

33.60 

29.28 

44.96 

50.69 

56.44 

62.20 

•Includes IOC itess: 
2. Aircraft servicing (10$) 
4. Cabin attendants, 
5. Passenger food, 
6. Traffic servicing, 
7. Servicing adainistration(20$) 
8. Reservations and sales, 
9. Cargo sales (50$) 
10. General adsinistration 

•• Range United. 

FOR 0FFIC FK^b4ÍE ONLY 

$22.99 

28.86 

34.72 

40.59 

46. 47 

52. 38 

58. 32 

64.20 
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Table 9 compares operating costs for several subsonic and SST aircraft. 
Direct, indirect, and total costs per seat-mile include all seat and passenger 
costs plus depreciation amortized on the basis of utilization rates developed 
in Table 1. 

Table 9 

OPERATING COSTS PER SEAT- HUE 
(2000 ailes raaqe-lateraational rules) 

Cost 707-320B DC 8-63 B-747 Concorde US SST 

Direct 1.05r 

Indirect 1.54 

Total 2.59 

Out-of-pocket* 1.45 

* Excludes all fixed cost 

0.97« 0.86« 1.51« 

1.48 1.52 1.57 

2.45 2.38 3.08 

1.33 1.29 1.83 

iteas. 

1.25« 

1.43 

2.68 

1.48 

Distance 

500 

1000 

1500 

2000 

2500 

3000 

3500 

4000 

Table 10 

TOTAL SBAT-BILf COSTS* vs IISTAICE 
(lateraatieaal rales) 

m-mi 
5.28« 

3.48 3.21 

2.90 2.71 

2.59 2.45 

2.41 2.40 

2.39 2.30 

2.31 2.23 

2.24 2. 17 

5.06« 7.00« 

3.25 4.39 

2.68 3.52 

2.38 3.09 

2.21 2.83 

2.19 2.67 

2.11 2.56 

2.04 2.47 

Aircraft 

fi£ S-il £-212 Co!£0£de 

4.73« 

as ssi 
6.30« 

3.87 

3.08 

2.68 

2.45 

2.30 

2.20 

2.13 

* Includes depreciation. 

RAC-R-20 13 
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SUMMARY 

There is little variation in indirect costs per seat-mile among the air¬ 
craft. Direct expenses appear to cause the variation in total cost. The ratio 
of “out-of-pocket” to total cost varies in a narrow band of from 60 to 65 per¬ 
cent for all aircraft. Out-of-pocket expenses are included to indicate ap¬ 
plication to routing, especially in considering “tag-end” segments for fuller 
utilization of the aircraft and for balancing of equipment to meet timetable 
requirements. 

Table 10 shows a summary of seat-mile costs vs distance for all the air¬ 
craft listed in Table 9. As the range is increased the US SST becomes com¬ 
petitive with subsonic aircraft and retains a decided advantage over the Con¬ 
corde. Costs of the US SST are 4.4 percent greater than those of the B-747 
at the 4000 statute mile range. These values are plotted in Fig. 1. 

Fig. 1—Seal-Mile Cost as a Function of Range (International 
Rules), RAC-Recommended Method 

Utiliiation - 3200 hr/year for SST’s 

3900 hr/year for subionics 

Aircraft Pnc 

707 

DC-8-63 

747 

Concorde 

US SST 

$ 7,200,000 

9,400,000 

19,000,000 

16,000,000 

40,000,000 

14 
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SUMMARY 

Sh0WS “ cost comParison o( the US SST in supersonic vs sub- 

drrnr,ranBeS ,:°m 500 t0 3500 mlUs- As **■"*■* increases the cost difference between subsonic and supersonic flight increases. 

Tab1.« ll 

TOTAL OMIATIIG COST CORPARISOR* (IRTBRfATIORAL ROLES): 
Subsonic Ts Supersonic (IS SST) Flifht 

Distance 

liiaht £er seat Bile 

US SST 
subsonic 
costs 

Percent 
over supersonic 
costs 

Percent 
over B-747 
costs 

500 

1000 

1500 

2000 

2500 

3000 

3500 

6.80C 

«. 74 

4.05 

3.70 

3.52 

3.45 

3. 38 

8.0 

22.5 

31.5 

38. 1 

43.7 

50.0 

53.7 

34. 4 

45. 9 

51. 1 

55.5 

59. 3 

57.5 

60.0 

* Includes depreciation. 

Table 12 presents operating costs computed for various percentages of 
subsonic operation because of weather or sonic boom flight restriction! Seat- 
mile costs are shown for a variable percentage of subsonic flight during the 

TATst » SHUPerSOíC Segment 0f the flight- The cost Penalty for flyingThe 
US SST subsomcally is evident from examination of the table. 

The seat-mile cost increase results primarily from greater block time 

Derren^f Îm" T percentage of subs°nic cruise is increased. More than 90 
nr lote f thlS irlCrea8e 18 accountable to additional block time; 10 percent 
or less represents extra fuel consumed. 

R subsonic/suPersonic cruise of the US SST with the 
fh’J47f lí n ^ ^ oí6 seat-mile cost of the US SST exceeds by 20 percent 
that of the B-747 at 20 percent subsonic cruise at ranges of 3500 miles. 

TableS13SÍtlVÍty ^ operatlng cost to var10«8 parameters is shown in 

RAC-R-20 
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Tabl« 12 

OS SST TOTAL SKAT-NILE COST:* 
SOBSONIC ?S SUPERSONIC IVTEKNATIONAL PLIGHT OPERATION 

(International rales) 

Percent subsonic 
flight 

Distance 

500 1500 2000 2500 3000 3500 

0 6.30« 

20 

40 

60 

00 

100 6.80 

* Includes depreciation. 

3.08« 2.68« 

3.3« 2.96 

3.55 3.17 

3.75 3.39 

3.60 

4.05 3.70 

2.45« 2.30« 2.20« 

2.72 2.59 2.51 

2.95 2.83 2.77 

3.13 3.08 3.02 

3.41 3.32 3.28 

3. 52 3.45 3. 38 

Cumulative Expenditures—Comparison by Aircraft Type 

Figure 2 cumulates the initial investment costs, the start-up expenses 
and operating costs over an 8-year period. The graph is based on expenditures 
required to produce the equivalent passenger mile capability of one US SST. 

At the end of the 8-year period-approximaiely the tax write-off time for 
aircraft-the aiv carrier would have expended $31 million over the cost of the 
US SST if the investment choice had been the Concorde. However, purchase 
and operation of the subsonic B-747 or the subsonic DC 8-63 would result in a 
$ 10 million smaller expenditure in 8 years than if the choice were the US SST. 
Although the U;i SST and subsonic aircraft expenditure slope is virtually parallel 
it is likely that the subsonic rate would slope upward and intercept the US SST * 
line, since the subsonic B-747 and DC 8-63 at this time would have been in 
operation for 14 years and would be experiencing operating costs higher than 
the constant rate shown because of higher maintenance costs and lower utiliza¬ 
tion rates. Only expenditures for purchase and operation are considered here; 
allowance has not been made for the revenue element of passenger preference. 
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YEARS OF OPERATION 

Fig. 2—Cumulativ* Investment and Operating Costs 

(or Equivalent US SST Passenger-Mile Capability, 

by Type of Aircraft 

Utilization: 3200 hf/year for supersonic, and 3900 hr/year for 
subsomes. 
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Chapter 1 

INTRODUCTION 

PURPOSE 

The purpose of this study, as defined under the initial contract terms and 
subsequent modifications, was to provide an economic assessment of US com¬ 
mercial supersonic transport for domestic and international airlines operations. 

Three major objectives of this study were the construction of an Operating 
Cost Model, the establishment of specific operating costs of the US SST and 
competing aircraft in airline operations, and provision of data as input to the 
FAA Economics Integration Model. This last objective required continuous co¬ 
operation with the FAA staff and the participating contractors during the period 
of the contract. 

SCOPE 

The scope of work, as set forth in the contract schedule and modifications 
thereto, is given below. 

. . . The Contractor shall determine total airline operating costs in accordance 
with the following parameters: 

1. Stage lengths from 500 through 4,000 statute miles as selected by the Govern¬ 
ment shall be applied. 

2. Utilization for the supersonic transport shall include a determination of the ex¬ 
tent to which supersonic transport flight operations may be limited by special air traffic 
control procedures and weather problems and out-of-commission time because of main¬ 
tenance requirements. 

3. Supersonic transport passenger load factors with allowance for cargo payloads. 
4. Variation in speed, air traffic control hold, route deviations and other per¬ 

formance elements influencing cost. 
The general sequence of work under this contract will be as follows: 
1. A thorough review and analysis of previous costing methodologies. 
2. The acquisition of all available design and performance data from manufac¬ 

turers and the Federal Aviation Agency and of operational factors from appropriate 
airlines. 

3. Construction of an economically sound and complete airline operating cost 
model for the United States’ commercial supersonic transport. The model will be con¬ 
structed to reflect realistic environmental elements and will provide a ready means for 
comparing the economics of the United States’ commercial supersonic transport with 
other competitive aircraft, including current subsónica, the B-707, the DC8-63, the B-747, 
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and the proposed Coicorde supersonic transport. The operating cost model will be ex¬ 
pandable so that demand, performance and environmental data may be introduced con¬ 
veniently for complete simulation of airline operation. 

4. The testing of the relative sensitivity of various cost factors within the model 
and final revision of methodology. 

5. Based on the final methodology, a determination of total airline operating costs 
for the values of range, utilization, and other pertinent parameters, as specified or ap¬ 
proved by the FAA. 

6. A comparison of the costs so derived with airline operating costs for other 
large commercial aircraft—subsonic, advanced subsonic, and foreign supersonic. Com¬ 
parisons at various ranges shall be done under both domestic and international operating 
environments. . . 

The statement of wo”k directs that all available statistics and data, and 
the results of previous studies, be used in performing an economic assessment 
of the US SST in airline operation. That RAC use the recommendations of ex¬ 
isting study results where such recommendations are found to be sound and 
thereby avoid a duplication of effort is implicit in this direction. However, im¬ 
provements over existing studies were sought. The findings presented in this 
document are for the most part based on the modifications and improvements 
to existing methodologies tliat resulted from access to an additional 2 years of 
airline operating experience. 

This study of Airline Operating Costs is but one part of the FAA economic 
feasibility study of the US SST. Figure 3 is an information flow chart that out¬ 
lines not only the content of the RAC study but the interrelation and interface 
requirements between the other contractors participating in the study as well. 
The contractors and their study responsibility are as follows: 

BAARINC Aircraft Development and Production Costs 
PRC Government Facilities Investment 
IDA Demand Analysis 
CAB Travel Motivation and Passenger Preference 
RAC Airline Operating Costs 
FAA Economic Integration Model 

APPROACH 

The study objectives were reached by using the approach sequence out¬ 
lined below. 

Survey of Methodology 
Data Acquisition 
Cost Model Devt lopment (including testing and evaluation of previous 

CER methodologies) 
Cost Model Implementation 
Airline Operating Cost Results 
Integration Model Support 

Volume I of this study report contains the following sections: 
“Airline Operating Cost Results” 
“Integration Model Support” 
“Operating Cost Model” (this section includes “Cost Model Develop¬ 

ment” and “Cost Model Implementation”). 

22 

FOR 

RAC-R-20 

.i 



Booi-Alien 

Ground Support 

ond Momtononco 

Equ'pmont Gott« 

Dovolopmont 

ond Production 

Co»t» 

Aircraft 
Unit Pnco 

Mothodolog/ 

ond Information 

Sur y«y 

Planning ond 

Orgoni lotion 

Analytical Tools 

Ta*t and 
Evaluation 

Initial Salaction 

Survoy Opinion 
ond 

Data Collaction 

Analysis 
ond 

Modification 

Oavolopmant 
of Costs 

Cost Model 

Analyti» 

r 
ATA-1960 

ATA-1965 

Lockhood 

Boomg 

< 

J 

ORI 

PRC 

RAC 
Analytical 

Modal 

GE 

P& w 

■\ 

- 

Engino 

Costs 

RAC-R-20 

f 



PRC 

Fig. 3—Information Flow Chart 

/ 



Volume II contains the section “Survey of Methodology” and 
A “Cost Productivity Trends in the Airline Industry” 
B “Regression Analysis” 

six appendixes: 

C Cost Estimating Equations, Partial Differentials, and Curve Forms” 
D “Indirect Operating Cost Data" 
E “FAA Ground Rules” 
F “List of Contacts” 
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Chapter 2 

AIRLINE OPERATING COST RESULTS 

This section presents the operating costs for the five aircraft considered 
in this study. The costs associated with domestic and international operations 
are shown as computed using all the methods that have been developed. Direct 
coots, indirect costs, and total operating costs are shown in terms of $/block 
hour, $/aircraft mile, and i/seat mile. Individual cost elements are itemized, 
permitting comparative examination of the costs as predicted by the different 
methods. 

Zero wind and standard atmosphere conditions were assumed in accord¬ 
ance with the criteria imposed by the demand model that encompassed the 
multidirectional location of the citv pair routes. 

The aircraft selected for consideration, the B-707 (long-range version), 
the DC-8-63, B-747, Concorde, and the US SST, were chosen through mutual 
concurrence by RAC, IDA, and the I VA. The L-500 aircraft (civilian version 
of the C-5A) was rejected for this analysis since airline management tended 
to regard the C-5A as a cargo carrier, hence not competitive with the SST. 
Similarly, the “air-bus” concept was not considered competitive since this 
aircraft was designed for ranges far shorter than those of the long-haul SST. 

(The costs as computed by the RAC method are shown in Tables 40 to 45.) 

COMPARISON OF DIRECT-COST RESULTS 

The following tables and discussion describe the results of the application 
of the various equations to the individual direct operating cost accounts. In each 
case, resulting costs are expressed in terms of block hour expenses for sub¬ 
sonic operations of the typical domestic flight segment of 1500 miles and for 
the overwater distance of 3000 miles representative of international operations. 
The domestic cost rules are applied to the 1500-mile segment and interna¬ 
tional cost rules are applied to the 3000-mile legs. These distances are rep¬ 
resentative of the typical trip distances for domestic and international operations. 
The sequence of the items described that follows is in order of the magnitude 
of the direct-cost items, and data are presented for both the current jet (B-707) 
and the proposed US SST. 

For each cost account the rationale supporting the values assigned by RAC 
is discussed, and sensitivity measurements are presented for those accounts 
whose importance is sufficient to appreciably affect the total cost estimate. 
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Fuel and Oil 

the testing'ofUje'rariou6 ’’'Tr' ^ ^ tne testing of the various costing methods a fuel price of 11 cents/TN for 

«« prtlce' i06'"* ^°crat' a'-c-cûîr“1 ,r^:.a zzLrz;'?- 
¿rrr—L°" ~ ÄnSreT ' 
methods tested used the fuel prices shown in Table 14. ^ 

Demand, supply, and government quota regulation«* ar* fho ¿ » 

f.1"“!® »Vr ;Ue' PrlCeS- W<)rid -~tr: '„ceeaae eu";, 

= »V »S -veolXlr,o“ThÂïïsIlS Xheee 
^ri, » r/re efed by a comP*““«>t,y Clauee that allows adduiolui! 1m! 

act as a stabllS'ng lactoT tl’Cr<!'orc lhese quo,a «strictions actually 

Method 

RAC 
FAA 66 

LAC 66 
OP! 

PRC 

BAC 

TABLE 14 

Fuel Prices 

Domestic price, 
cents, gol 

11.0 
11 0 
11.0 
9.8 

11.0 
9.7 

International price, 
cents/gal 

12.0 
12.0 
12.0 
11.8 
12.0 
10.5 

estimateTt^ínH^3^0!'? 0Í demand> and government control, it is 
estimated that prices of 11 cents and 12 cents will prevail in 1980 Inflation 
ary impact on fuel transport costs will tend to force the price upward AlL 
to be considered is the fact that the US SST will be assigned priüilrilv to long 

Sr*“1 r0UteS and °Peration int0 South America, Africa and the g' 
Midcüe and Far East, where prices are 15 percent to 30 percei higher Jan 
the current domestic US and European levels. 8 th 

hp aL0iC90mpa»re/al! direct-cost methods evenly a price of 11 cents/gal domes 
in identiíf]CfentiS/ga Ínternational was usgd as input. All methods then result 
in identical fuel costs on a per hour or per mile basis. 
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Figure 4 compares the effect of fuel price change on total operating cost. 
For example, an increase in international fuel price from 10.5 cents/gal 

to 12 cents/gal, amounting to a 14 percent increase, would increase total oper¬ 
ating cost by about 2l/2 percent. 

t: 

-6 
-30 -20 -10 0 +10 +20 +30 +40 

CHANCE IN FUEL COST, % 

Fig. 4—Fuel Cost Sensitivity 

In summary the price of 11 cents/gal and 12 cents/gal for domestic and 
international operations respectively is recommended. Selection of the higher 
price will provide additional conservatism in the estimate of total fuel cost. 
In the event that fuel consumption rates exceed those predicted by the manu¬ 
facturers, the price proposed adds a degree of conservatism to the estimate 
of total fuel cost. 

Maintenance 

The maintenance accounts—aircraft labor, aircraft material, engine labor, 
and engine material—as a group account for 12 percent of the total operating 
cost of the US SST. This compares to a 10 percent ratio currently experienced 
on the B-707 and DC-8. 

Aircraft Labor. This cosí element is concerned with the airframe and 
amounts to 12 percent of total maintenance expense as computed by the RAC 
method. Table 15 shows the results by method. 

Only three of the methods listed (RAC, LAC, and BAC) utilize the ATA 
Spec 100 method in determining maintenance expense. This technique, discussed 
in the section, Model Development, utilized B-707 experience accumulated since 
1962 for the results shown in Table 15. Complexity factors were then applied 
to the B-707 level of costs to estimate the US SST. All methods using the com¬ 
plexity factor (ATA Spec 100) approach, show higher cost per hour for this labor 
account. In the computation of results a labor rate of $3.75 per hour was applied 
to all equations to reflect 1966 labor negotiations between airlines and mechanics 
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unions. Because of the accounting methods prescribed by CAB Form 41 it is 
impossible to make direct comparison to the actual labor costs per hour. Re¬ 
pair and maintenance work done “outside" by contract is not segregated into 
labor and material charges. Therefore only total direct maintenance can be 
compared to the actual costs incurred by the airlines. 

TABLE 15 

Costing-Mtthod Comparison for B-707 and US SST: 
Cost per Block Hour for Aircraft Labor 

Method 

Donttitic 
1500-milt basis, dollars 

International 

3000-mile basis, dollars 

B-707 US SST B-707 US SST 

RAC 
FAA 66 
0R1 
PRC 
LAC 
ATA 66 
Boeing 

Aircraft Material. Table 16 shows a costing-method comparison for the 
B-707 and US SST for aircraft material (cost/block hour). Material charges 
for airframe and equipment for the B-707 are fairly consistent among the 
methods with the exception of ORI, whose regression-analysis technique yields 
a much higher result. 

32 
53 
34 
34 
51 
36 
32 

132 
85 
63 
54 

142 
53 
93 

26 
52 
33 
33 
43 
37 
24 

108 
83 
55 
53 

118 
55 
72 

TABLE 16 

Costing-Method Comparison for B-707 and US SST: 
Cost per Block Hour for Aircraft Material 

Method 

RAC 
FAA 66 
ORI 
PRC 
LAC 
ATA 66 
Boeing 

Domestic 
1500-milt basis, dollars 

International 
3000-mile basis, dollars 

B-707 US SST B-707 US SST 

26 117 
28 1.50 
59 185 
23 128 
34 275 
32 162 
32 118 

21 
27 
58 
23 
29 
32 
2S 

93 
147 
182 
125 
242 
169 
86 

The comparison of SST results, however, indicates a wider divergence 
between methods-even those employing the ATA Spec 100 method (RAC, LAC, 
and BAC). The RAC and BAC techniques result in the lowest cost per 
hour; they are considerably below that which LAC presents. Investigation of 
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the LAC equation reveals that it is very sensitive to price of the airframe—an 
increase of 60 percent in airframe price results in a 50 percent increase in 
material cost per hour. The correctness of the traditional method of estimat¬ 
ing material costs by making them a function of airframe price is debatable. 
It can be argued that the additional cost of the airframe may reflect a higher 
degree of reliability and quality, or that additional cost of manufacture also 
results from a desire to reduce maintainability. The RAC equation is ex¬ 
pressed in terms of weight and speed and is independent of airframe cost 
or weight. 

Engine Labor. A comparison of hourly costs of engine labor appears in 
Table 17. 

Although the development of airborne engine analyzers and borescope 
techniques for inspection could reduce maintenance labor time, the RAC equa¬ 
tion provides a higher cost than the LAC, FAA, and ATA proposed formulas. 

TABLE 17 

Costing-M*thod Comparison for B-707 and US SST: 

Cost p«r Block Hour for Engin* Labor 

Method 

Domestic 
150C-mile basis, dollars 

International 
3000-mile basis, dollars 

B-707 ! US SST B-707 
r ■ 

US SST 

RAC 25 
FAA 66 21 
ORI 35 
PRC 22 
LAC 13 
ATA 66 

(proposed) 25 
Boeing 21 

72 25 
55 21 
82 34 
56 21 
30 12 

49 26 
70 17 

72 
54 
81 
55 
28 

51 
73 

Higher cost levels are justified because of the environmental difference 
that will prevail. Current jet engines operate at high temperatures only at 
takeoff, whereas the SST engine not only operates at higher temperature (2000° 
inlet temperature) but must cruise throughout the flight at these temperatures. 
Heat problems will be present during on-line maintenance after landing. Effi¬ 
ciency will be reduced (mechanics will have to wear thermal-protective gloves 
to work on both engine and airframe) and hourly rates will be about three times 
that currently experienced with the B-707/DC-8 engine. 

Engine Material. Engine material expenses for the SST engine are fore¬ 
cast to be considerably higher than for the current subsonic jet engine. Table 
18 projects a cost generally six times greater than that of the B-707/DC-8 for 
most of the estimates shown. 
In the case of the GE engine the innovation of afterburners working in concert 
with variable exhaust nozzles will advance the state of the art. Although mili¬ 
tary experience has beengathered on afterburner operation the different method 
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of operation and the inadequate accounting records maintained made it impos¬ 
sible to develop a complexity factor to apply with confidence to engine material 
costs. 

TABLE 18 

Costing-M*thod Comparison for B-707 and US SST: 

Cost por Block Hour for Engino Material 

Mothod 

Domestic 
1500-mile basis, dollars 

International 

3000-mile basis, dollars 

B-707 US SST B-707 US SST 

RAC 
KAA 66 
OBI 

PRC 
l.AC 
ATA 66 

(proponed) 
Hoeing 

*8 262 I? 
56 289 & 
59 161 58 
46 277 45 
48 248 45 

25° 
283 
157 
272 
238 

48 214 49 223 
32 183 27 191 

Total Maintenance and Burden Cost. The foregoing maintenance accounts 
plus maintenance burden constitute the total maintenance cost. 
Burden consists of the supervisory organization directing the maintenance facili¬ 
ties and "ork force including also spare-part inventory control. Burden is 
computed by the 1966 FAA rules as well as those estimated by the LAC methods 
as 70 percent of the direct maintenance accounts (both labor and materials). 
The RAC method proposes a ratio of 67 percent of the total direct maintenance, 
and recent jet burden rates indicate close agreement with this apportionment. 
American Airlines objected to this method, stating that burden should be :. 
function of labor accounts only. The reasoning in applying the 67 percent -rc- 
tor, however, is that burden should include the total maintenance activity, in¬ 
cluding materials control. At any rate the burden factor suggested by American 
(200 percent of labor) results in a virtually identical burden expense 

Table 19 lists total maintenance, including burden, for all tho . lethods 
analyzed. Note that of all methods except ORI’s the RAC method results in the 
highest expense. Of the three (RAC, LAC, and BAC) that utilized the ATA Spec 
100 method, both LAC and BAC methods designate burden as an indirect expense 
(which is a logical accounting arrangement) but for the purpose of comparing 
all methods on the same basis, burden has been transferred back to the direct 
accounts. 

Both the RAC and LAC results are reasonably close, $887 per hour com¬ 
pared with $872 when total maintenance is considered. The major divergence 
between these methods is in the expensing of aircraft material. RAC results 
for engine material, on the other hand, differ considerably from those yielded 
by the BAC approach. Discussion of these differences, as well as the rationale 
of the recommended RAC methodology, is treated in the section “Cost Model.” 
In addition, the RAC result of $887 for total maintenance is understated by 5 
percent on the SST to reflect “learning-curve” efficiency for labor in 1980. 
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TABLE 19 

Costing-Method Comparison for B-7<7 and US SST: 
Cost per Block Hour for Total Main’cnance and Burden 

Method 

Domestic 
1500-mile basis, dollars 

International 

3000-mile basis, dollars 

B-707 US SST B-707 US SST 

974 200 887 
816 278 800 
934 356 924 
7°1 215 687 
986 223 872 

682 269 709 
742 163 667 

_ _b _ 

“12 months ending Mar 66, B-707/DC-8 CAIt Form 41 reports. 
“Not available. 

RAC 220 
FA A 66 284 
ORI 345 
PRC 219 
LAC 253 
ATA 66 

(proposed) 265 
Boeing 209 
US 

Carriers“ 215 

At that time it is estimated that SST costs will be about 4½ times that of the 
current jets in international operation. 

Figure 5 shows the sensitivity measurement of maintenance cost. 

Fig. 5—Maintenance Cost Sensitivity 

A change of 10 percent in maintenance cost for international operation re 
suits in a 1 percent change in total operating cost. A similar change under 
domestic operation would change total operating costs by slightly less than 2 

Depreciation 

Depreciation represents the amortization of investment costs for the air¬ 
frame, engines, avionics, and spares for these items. Depreciation accounts 
for 11 percent of the total operating cost of the SST as compared with 9 percent 
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for the B-707/DC-8. The amount of this expense is a function of the useful life 
(considering obsolescence), residual value assumed and, for purposes of write¬ 
off on a unit-cost basis, the utilization rate. FJach airline, on the basis of cur¬ 
rent position in regard to earnings, cash flow, and tax position, can write off 
this investment at various rates per year, subject to tax restrictions and in¬ 
vestment credit (7 to 8 years minimum). 

The rate used in the FAA feasibility study was concerned only with the 
useful life of the US SST as determined by market considerations or the develop¬ 
ment through technological advances of a new vehicle. Accounting procedures 
reflecting management fiscal strategies were not considered. 

Within the period under study, 1974-1990, hypersonic aircraft development 
is unlikely for two reasons*: first because a heavy investment in engineering 
and production would be needed, and second because even a great advance in 
speed would produce only a small reduction in total door-to-door travel time 
and cost from that provided by the US SST. 

Although it is inevitable that hypersonic aircraft will be developed, a 
long useful life is predicted for the SST. A period of 15 years with zero 
residual value as stated in the FAA 1966 economic ground rules is recom¬ 
mended for the US SST. 

The FAA ground rules specified a procedure whereby development cost 
was excluded in the computation of depreciation charges. Royalty charges 
were to be amortized and collected over a period of 15 years by the US govern¬ 
ment. In the RAC method, however, as well as in all the other costing methods 
evaluated, development cost was included in the cost of airframe and engine. 
This was done to treat the competing aircraft (B-707, DC-8-63, B-747, and 
Concorde) on an equal basis. 

Fig. 6—Airplone Price Sensitivity 

No allowance for the cost of this capital furnished by the government was 
included since the aircraft cost submitted by the FAA provided for such ex¬ 
penses. It can be argued that, if the aircraft manufacturers had financed all re 
search and development costs, interest charges would have been passed on 
to the airlines in higher unit aircraft prices. Even so, the effect on total oper¬ 
ating cost would be minimal. The sensitivity analysis (see Fig. 6) revealed 
that even a large assessment of $400,000 per aircraft would change operating 
cost per seat-mile by only 1 percent. 
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Sgares: The discussion of spares is closely related to that of depreciation 
since these investments in airframe and engine parts and spare engines are re¬ 
flected within the depreciation computation. The level of these capitalized 
spares varies with each airline, depending on strategy to maintain a high utili¬ 
zation rate (see discussion in the section, “Integration Model Support"), the 
size of the fleet, and distance between route stops. The studies made by the 
Boeing Corp and the Lockheed Aircraft Corp emphasize fleet size as a major 
determinant of spare ratios (percent of airframe and percent of engine cost). 
Table 20 compares the two studies. 

Because of the high investment cost to the airlines, it would be suspected 
that airline management would attempt to minimize inventories of spare parts 
and engines. This attempt would be countered, however, by the desire to achieve 
high utilization rates (i.e.,flight-hour rate per year) and hence lower hourly 
operating costs. High utilization can be achieved only if parts and engines are 
stocked throughout the route system. These two operating procedures conflict, 
however, md point to the conclusion that the airlines will be forced to pool 
spare parts and engines in spite of their reluctance to do so because of the 
competitive aspects of the industry. Antitrust laws may be a restraining factor 
in the direction of pooling arrangements. 

The spare ratios proposed by the aircraft manufacturer, shown in Table 
20, imply that the operators having small fleets will have larger spare ratios. 

TABLE 20 

Spore Ratios 

Size of fleet 
Boeing Lockheed 

Airfrome, % Engine, % Airframe, % Engine, % 

< 5 
<10 
<25 
>25 

30 
17 
10 
7 

40 
28 
20 
20 

22 
17 
12 
10 

54 
45 
40 
30 

This has been the case historically, but in the past few years maintenance and 
fleet pooling of certain items has developed. It is predicted that the introduc¬ 
tion of the high-priced SST will intensify this trend. The small operators 
particularly will be forced to go to “outside" arrangements. 

RAC therefore recommends a spare ratio of 10 percent for airframe and 
30 percent for engines independent of fleet size. This compares to a 15 percent 
airframe and a 40 to 50 percent engine spare ratio provided in the FAA eco¬ 
nomics ground rules. 

Table 21 lists the depreciation charges as computed by the various methods. 
Table 22 lists useful life, residual value, and the spare ratios utilized bv 

each of the methods. 

Insurance 

This expense applies only to hull insurance and does not include public 
liability and property damage. Insurance constitutes 4 percent of total operat¬ 
ing cost. Insurance rates estimated by methods are shown in Table 23. 
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TABLE 21 

Costing-Method Comparison for US SST: 

Cost per Block Hour for Depreciation 

Domestic 
1500-mile basis, 

dollars 

International 

3000-mile basis, 
dollars 

RAC 

FAA 66 
OHI 

PRC 

LAC 

ATA 66 

Boeing 

967 

1015 

983 
903 
967 

978 
1181 

948 
1006 

964 
897 

948 
959 

1161 

TABLE 22 

US SST Depreciation Factors 

Method Expected useful 
life, yea's 

Residual value, 

dollars 

RAC 

FAA 66 
ORI 

PRC 

LAC 

ATA 66 (proposed) 
BAC 

15 

15 

15 

15 

15 

15 

12 

0 
0 
s 
o 
o 
0 

0 

Spore ratio 

Airframe, 
percent 

10 
15 

15 

15 
10 
10 
9 

Eng me, percent 

30 

SO (40 domestic) 
50 

SO (40 domestic) 
30 

40 

20 

TABLE 23 

Costing-Method Comparison for US SST: 

Insurance Rates 

M*>hod Rate, percent 

RAC 

FAA 66 
ORI 

PRC 

LAC 

AT A 66 (proposed) 
BAC 

*2% domestic. 

3 

3 

5 

3 
3a 

3 

3 

RAC-R-20 

FOR OFfliULrtit ONLY 

35 



FOR 

Comparison with airline experience could not be accomplished for the 
B-707/DC-8 aircraft since many of the airlines coinsure (i.e., assume liabi¬ 
lity) and thus CAB 41 form reports show wide variance. 

Since insurance expense comprises a small portion of the total operating 
cost, discussion on this point with the airlines was not intensive. An excellent 
review by the Boeing Corp summarizes the current position of the insurance 
underwriters: 

The conclusion must therefore be that a logical progression must occur between 
today’s underwritirç and that of the SST time period. Stated differently, the large subsonic 
airplanes will provide a first step in developing an underwriting organization capable of 
insuring a package the size of the SST. The Concorde will be the second logical step pro¬ 
viding information about supersonic technologies. . . . Even though the underwriting 
industry defers at this time, the interpretation of their position is one of cautious opti¬ 
mism not unlike the late 1950's during the development of the subsonic jet. Hence, within 
the limits of today’s information, the insurance history of the subsonic jet should not be 
greatly different than that expected for the supersonic airplane (Ref 1, p 35). 

Insurance cost estimates in terms of operating costs per block hour are 
shown in Table 24. 

TABLE 24 

Costing-Msthod Comparison for B-707 and US SST: 
Cost por block Hour for Insurance 

Method 

Domestic 1500-mile 
basis, dollars 

International 3000- 
mile basis, dollars 

B-707 US SST B-707 US SST 

RAC 38 
FAA 66 57 
ORI 48 
PRC 57 
LAC 38 
ATA 66 38 
Boeing 57 

386 37 379 
386 56 379 
644 47 631 
386 56 379 
386 37 379 
386 37 379 
385 56 379 

While the insurance rate will be higher for US SST than that which has 
prevailed for the current subsonics because of the higher value of the aircraft, 
it is believed that the rate existing in 1980 will approximate 3 percent of the 
initial aircraft cost. During the period 1974-1980 the rate is forecast to fall 
from a 6 percent or 7 percent level to 3 percent or lower. The present rate 
on the 7-year-old jet transport is about 2 percent. 

Crew 

Flight crew expenses include salary, training, and travel expenses. Using 
RAC values for this expense, crew costs amount to 3 percent of total operating 
costs. This compares to 9 percent for the B-707/DC-8 aircraft. A 3-man 
crew is provided for in both domestic and international SST operation. A 4-man 
crew is provided for international subsonic aircraft flights. 
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Table 25 indicates the cost estimates made by the various methods. 
Most airlines were hesitant to discuss crew costs for fear that future 

negotiations would be influenced. Most agree that the 1966 FAA rule of $200 
per hour was too low. The discussion of salary and productivity contained in 
App A points to the conclusion that airline flight deck pay has not kept pace with 
productivity (speed x payload). It is expected that pilot unions will press this 
point, along with the usual arguments related to consistent radiation exposure, 
and demand higher pay rates or an additional crew member. In expectation of 
this development RAC suggests the input of $245 per block hour for domestic 
and international flights for 1980 based on 1967 dollars. This rate excludes 
initial training for theSST,which is included in start-up costs as a capitalized 
expenditure. Present flight pay averages above $145 for long-haul domestic 
airline opjration. 

TABLE 25 

Costing-Method Comparison (or B-707 and US SST: 

Cost per Block Hour (or Crew 

Method 

Domestic 1500-mile 

basis, dollars 

International 3000- 

mile basis, dollars 

B-707 US SST B-707 US SST 

RAC 116 252 
FAA 66 127 206 
OR1 176 221 
PRC 121 201 
LAC 146 223 
AT A 66 149 219 
Hoeing 143 201 
Actual® 140 — 

185 247 
169 202 
214 275 
158 223 
185 222 
195 226 
181 241 

“Based on 12 months ending March 1966, major domestic trunk 
carriers, on segments averaging 1000 miles. Source: CAB 
statistics. 

COMPARISON OF INDIRECT COSTS 

Figure 7 plots the predicted indirect operating costs computed by three 
methods and the reported indirect operating costs for a 4-year period (sec 
App D, Table D13 for supporting computation). 

Since the Lockheed method (LAC 66) also predicts maintenance burden- 
flight equipment the equations have been adjusted to remove maintenance burden- 
flight equipment so that a direct comparison of the three methods can be made. 

The curves reflect the costs of nine domestic airlines: American, Braniff, 
Continental, Delta, Eastern, National, Northwest, Trans World, and United. 

Figure 8 shows the percentage of the total indirect operation costs as 
predicted by each of the equations for each of the three methods. Also shown 
is the Lockheed method adjusted to remove maintenance burden-flight equipment. 
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*LAC method adjusted to remove maintenance burden-flight equipment 
“Percentage ot reported costs. 

COMPARISON OF TOTAL OPERATING COSTS 

These evaluated methodsare compared in Table 26 for the US SST in rin 
mestlc and international operation. Tab* 27 shows simi a da^or I-7S7/DC 

formanrp ip0® stat’Jte used here to show airplane r er 
mltpfv o e fhc!COmparison for all methods shows a ratic of^pproxi- 
sonic jets operating cost of the SST and that of current sub- 

Tables 28 to 32 show seat-mile costs. 

dlreCUnd ,0U1 'or 'our aircraft, 

ssi\¡rr ““lhe - ÄÄ z rÄÄr cã 
Z"ooroT«e°rS,‘C Segme"'le,,g,h and ,he m0S* Warnattonï 

whifhrRdhiSta^ fTheSe reSUltS COnflict With the industry's past experience 
which showed that smaller aircraft tend to be more efíJienílt give^ pLse^ej 

38 

FOR 01 
% 

FFltjftpáÉ 

RAC-R-20 

ONLY 

■V 



f 

FAA 

Adjusted. 

FfßjtA FOR OFFinr USE ONLY 

1 - 3.08 

2- 20.45 

3- 3.16 

4- 6.98 

5- 7.98 

6- 25.55 

7- 5.06 

8- 17.42 

9- .54 

10- 9.80 

1- 5.65 

2- 16.92 

3 - 2.87 

4- 5.98 

5- 9.61 

6- 24.84 

7- 5.61 

8- 18.45 

9- .72 

10- 9.32 

1- 2.99 

2- 19.77 

3- 3.10 

4- 7.15 

5- 11.37 

6- 25.95 

7- 2.72 

8- 17.25 

9- .67 

10- 9.04 

Includ«« 

mointtnonc« 
burden- 
flight 

•gu ip ment 

1 - 15.82 

2-20.76 

3- 2.54 

4- 5.87 

5- 9.33 

6- 21.29 

7- 2.23 

8- 14.16 

9- .55 

10- 7.42 

RAC LAC0 LAC 

Fig. 8—P*rc«n»ogt of Totol Indirect Operating Costs 

by Equation Item Number 

TABLE 26 

Operating Cost per Statut.» Mile,by Costing Method,for US SSTa 

Method 

Domestic operation, 

1500-mile basis 

Direct operating 

cost, dollars / 

mile 

Totol operating 

cost, dollars/ 

mile 

RAC 

FAA 66 

ORI 

PRC 

LAC 

ATA 66 

BAC 

RAND 

h oreipn carriers 

International operation, 

3000-mile basis 

Direct operating 

cost, dollars/ 

mile 

Total operating 

cost, dollars/ 

4.00 

3.85 

4.18 

3.59 

3.57 

3.46 

3.64 

3.31 

6.35 

5.75 

7.92 

6.37 
5.98 

5.59 

6.00 
5.20 

7.45b 

3.12 

3.07 
3.40 

2.89 

2.89 

2.76 

2.92 

2.47 

6.44 

6.02 
7.87 

6.02 
6.01 
5.85 

5.57 

5.66 
7.3011 

SS! based on combined design feati 
Estimated 

RAC-R-20 
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JTOLE 27 

Opcroting Co»t ptf Stotuu Mi le,by Costing Method^or B-707 

Mothod 

RAC 
FA A 66 
ORI 
PRC 
LAC 
ATA 66 (pre¬ 

liminary) 
BAC 
Foreign carrier 
US carriers 

Domestic iteration, 
1500-mile boiis 

Direct operating 
cost, dollars/ 

mile 

Total operating 
cost, dollars/ 

mile 

International operation, 
3000-mile basis 

Direct operating 
cost, dollars/ 

mile 

1.66 
1.88 

2.04 
1.62 
1.50a 

1,50a 
1.47 

1.65e 

Total operating 
cost, dollars/ 

mile 

3.06 
3.13 
3.94 
3.11 
2.98 

2.97 
2.97 

3.03c 

1.61 
1.85 
2.02 
1.61 
1.47a 

1.52a 
1 42 
2.17b 
1.65e 

3.84 
3.79 
4.61 
3.47 
3.50 

3.59 
3.28 
4.23b 
3.65e 

Maintenance be 
'Twelve months 

rden included in indirect operating costs. bKstimated. 
ending March 1966. 

TABLE 28 

_Co»* Comporison for Various Methods, International Operation: 

Block distance, 

statute miles RAC FAA 66 ORI PRC LAC 

500 
1000 
1500 
2000 
2500 
.3000 
3500 
4000 

500 
1000 
1500 
2000 
2500 
.3000 
3500 
4000 

500 
1000 
1500 
2000 
2500 
3000 
.3500 
4000 

5.28 
3.48 
2.91 
2.59 
2.41 
2.39 
2.31 
2.24 

1.50 
1.19 
1.11 
1.05 
1.02 
1.00 
0.99 
0.98 

3.78 
2.29 
1.80 
1.54 
1.39 
1.39 
1.32 
1.26 

Total Operating Cost, Cents Seat-Mile 

5.05 4 11 
3.42 3 29 
2.91 3.05 
2.62 2.90 
2.46 2.82 
2.35 2.77 
2.28 2.74 
2.22 2.71 

1.98 5.15 
3.27 3.36 
2.73 2.78 
2.43 2.47 
".26 2.29 
2..5 2.18 
2.08 2.10 
2.02 2.03 

Direct Operating Cost, Cents/Seat-Mile 

1.56 1.71 
1.30 1.43 
1-24 1.36 
1.19 1.30 
1.16 1.27 
1.15 1.26 
1.14 1.25 
113 1.24 

1.37 1.36 
1.14 1.09 
1.08 1.01 
1.03 0.96 
1.01 0.9.3 
1.00 0.91 
0.99 0.90 
0.99 0.90 

Indirect Operating Cost, Cents/Seat-Mi le 

349 2.40 3.61 3.79 
2.12 1.86 2.13 2.27 
1.67 1.69 1.65 1,77 
1.43 1.60 1.40 1.51 
1.30 1.55 1.25 1.36 
1.20 1.51 1.15 1.27 
L14 1.49 1.09 1.20 
109 1.47 1.03 1,13 

B-707-320B 

ATA 66 

4.9' 
.3.31 
2.79 
2.50 
2.3.3 
2.2.3 
2.15 
2.10 

1.28 
1.07 
1.02 
0.97 
0.96 
0.94 
0.94 
0.9.3 

.3.67 
2.24 
1.77 
1.53 
1.37 
1.29 
1.21 
1.17 

BAC 

4.36 
2.95 
2.52 
2.27 
2.1.3 
2.04 
1.97 
1.9.3 

1.40 
1.08 
0.99 
0.9.3 
0.90 
0.88 
0.87 
0.86 

2.96 
1.87 
1.5.3 
1.34 
1.23 
1.16 
1.10 
1.07 
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TABLE 29 

-*' ^ Op„„i,0„ 

2000 

2500 

3000 

3500 

500 
1000 

1500 

2000 

2500 
3000 

3500 

1000 

1.19 

1.05 
1.00 
0.9? 

0.96 

0.95 
0.94 

0.9t 

D¡r.ct Optroting C*.», C.nt./S.0t.Mil. 

1.25 

1.14 

1.1' 
MO 
1.08 
1.08 

1.07 

1.07 

1.37 
1.26 
1.22 
1.20 
1.19 

1.18 
1.18 

i.i; 

1.11 
1.02 
0.99 

0.97 

0.96 

0.96 

0.95 

0.95 " ■ i 

Indirtct Opcroting Co.t, C.nt,/S.ot.Mil. 

1.10 
0.97 

0.93 
0.90 
0.89 
0.88 

0.88 

0.87 

1.0.3 

0.96 

0.93 

0.92 

0.92 
0.91 
0.91 

0.91 

1.1) 

0.95 
0.90 

0.88 
0.86 

0.85 

0.84 

0.84 

RAC-R-20 
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TABLE 30 

Cost Companion for Various Methods, International Operation: B-747 

Block distance, 
statute miles 

500 

1000 
1500 

2000 

2500 

3000 

3500 

4000 

500 

1000 

1500 

2000 
2500 

3000 

3500 

4000 

500 

1000 

1500 

2000 

2500 
3000 

3500 
4000 

RAC FAA 66 ORI PRC LAC 

5.06 

3.25 

2.68 

2.38 

2.21 
2.19 

2.11 
2.04 

1.28 

0.98 

0.91 

0.86 

0.83 

0.82 
0.81 
0.80 

3.78 

2.27 

1.77 

1.52 
1.38 

1.37 
1.30 

1.24 

Total Oporoting Cott, Cant»/Soot-MiIt 

5.06 3.51 

3.30 2.79 

2.75 2.57 

2.46 2.46 

2.29 2.39 

2.18 2.35 

2.10 2.32 
2.04 2.29 

5.44 4.70 
3.40 2.99 

2.75 2.44 

2.42 2.16 

2.22 1.99 

2.09 1.88 

1.99 1.80 

1.92 1.74 

Direct Operating Cost, Cents/Seat-Mile 

1.38 

1.11 
1.04 
1.00 
0.98 

0.96 
0.95 

0.94 

1.25 
1.00 
0.94 
0.91 

0.89 

0.87 

0.87 

0.86 

1.18 

0.95 

0.89 

0.85 

0.84 

0.82 

0.81 

0.81 

1.07 

0.82 

0.76 

0.72 
0.70 

0.69 

0.68 

0.67 

Indirect Opeinting Cost, Cents/Seat-Mile 

3.68 2.26 

2.19 1.79 

1.71 1.63 

1.46 1.55 

1.31 1.50 

1.22 1.48 

1.15 1.45 

1.10 1.43 

4.26 3.63 

2.45 2.17 

1.86 1.68 

1.57 1.44 
1.38 1.29 

1.27 1.19 

1.18 1.12 

1.11 1.07 

ATA 66 

4.62 
3.01 

2.50 

2.24 
2.09 

1.98 

1.91 
1.86 

1.06 

0.86 

0.82 

0.79 

0.77 
0.76 

0.75 

0.75 

3.56 

2.15 

1.68 

1.45 

1.32 

1.22 
1.16 

1.11 

BAC 

3.81 

2.51 

2.10 
1.89 

1.76 

1.68 

1.62 
1.58 

0.98 

0.76 
0.70 

0.67 
0.65 

0.64 
0.63 

0.62 

2.83 

1.75 

1.40 

1.22 
1.11 
1.04 
0.99 

0.96 
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TABLE 31 

Cost Comparison for Various Methods, International Operation: Concorde 

Black distance, 

statute miles RAC FAA 66 ORI PRC LAC ATA 66 BAC 

500 

1000 
1500 

2000 
2500 

3000 

3500 

4000 

500 
1000 

1500 

2000 

2500 

3000 

3500 

4000 

500 

1000 
1500 

2000 
2500 

3000 

3500 

4000 

7.00 

4.39 

3.52 
3.09 

2.83 

2.67 

2..56 

2.47 

2.85 

1.96 

1.66 

1.51 

1.43 

1.38 

1.36 

1.32 

4.15 

2.43 

1.86 
1.58 

1.40 

1.29 
1.20 
1.15 

Total Operating Cost, Cents/Seat-Mi la 

6.37 6.09 

4.05 4.36 

3.28 3.79 

2.90 3.50 

2.67 3.33 

2.53 3.23 

2.44 3.17 

2.36 3.10 

6.25 6.93 

3.95 4.29 

3.19 3.42 

2.81 2.98 

2..58 2.72 

2.44 2.56 
2.35 2.45 

2.27 ? 35 

Direct Operating Cost, Cents/Seat-Mile 

2.75 

1.94 

1.67 

1.54 

1.47 

1.42 
1.40 

1.37 

3.03 
2.15 

1.85 

1.71 

1.62 

1.57 
1.55 

1.52 

2.48 

1.77 

1.54 

1.42 

1.36 

1.32 
1.31 

1.28 

2.65 

1.83 

1.56 

1.43 

1.35 

1.31 
1.29 

1.26 

Indirect Operating Cost, Cents/Seat-Mi la 

3.62 3.06 

2.11 2.21 
1.61 1.94 
1.36 1.79 

1.20 1.71 

1.11 1.66 

1.04 1.62 

0.99 1.58 

3.77 4.28 

2.18 2.46 

1.65 1.86 
1.39 1.55 

1.22 1.37 

1.12 1.25 

1.04 1.16 

0.99 1.09 

6.37 6.61 

4.03 4.22 

3.25 3.43 

2.86 3.03 
2.63 2.80 

2.49 2.65 

2.39 2.56 

2.31 2.47 

2.35 2.95 

1.69 2.03 

1.47 1.72 

1.36 1.57 

1.30 1.49 

1.27 1.44 

1.26 1.41 

1.23 1.38 

4.02 3.66 

2.34 2.19 

1.78 1.71 

1.50 1.46 

1.33 1.31 
1.22 1.21 

1.13 1.15 

1.08 1.09 

FOI OFFIC k^^Lonly 
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TABLE 32 

Cost Comparison (or Various Methods, Internotionol Operation: US SST 

Block distance, 
statute miles RAC FAA 66 ORI PRC LAC ATA 66 BAC 

500 
1000 
1500 
2000 
2500 
3000 
3500 
4000 

500 
1000 
1500 
2000 
2500 
3000 
3500 
4000 

500 
1000 

1500 
2000 
2500 
3000 
3500 
4000 

6.30 
3.87 
3.08 
2.68 
2.45 
2.30 
2.20 
2.13 

2.59 
1.68 
1.39 
1.25 
1.16 
1.12 
1.09 
1.07 

3.71 
2.19 
1.69 
1.43 
1.29 
1.18 
1.11 
1.06 

Total Operating Cost, Cents/Seat-Mi le 

5.68 5.42 
3.51 3.82 
2.80 3.31 
2.45 3.05 
2.24 2.90 
2.12 2.81 
2.03 2.75 
1.% 2.71 

Direct Operating Cost, 

2.40 2.66 
1.59 1.76 
1.34 148 
1.21 1.34 
1.14 1.26 
1.10 1.22 
1.08 1.19 
1.06 1.17 

Indirect Operating Cost 

3.28 2.76 
1.92 2.06 
1.46 1.83 
1.24 1.71 
1.10 1.64 
1.02 1.59 
0.95 1.56 
0.90 1.54 

6.18 6.12 
3.73 3.70 
2.93 2.92 
2.53 2.53 
2.29 2.29 
2.15 2.15 
2.05 2.05 
1.98 1.98 

Cants/Seat-Mile 

2.24 2.37 
1.49 1.54 
1.25 1.28 
1.14 1.15 
1.07 1.07 
1.04 1.04 
1.02 1.01 
1.01 1.00 

, Cents/Seat-Mile 

3.94 3.75 
2.24 2.16 
1.68 1.6*1 
1.39 1.38 
1.22 1.22 

1.11 1.11 
1.03 1.04 
0.97 0.98 

5.67 5.57 
3.49 3.78 
2.78 3.20 
2.13 2.92 
2.22 2.75 
2.09 2.64 
2.00 2.59 
1.94 2.57 

2.11 2.52 
1.41 1.86 
1.20 1.65 
1.09 1.55 
1.03 1.50 
1.00 1.47 
0.98 1.46 
0.97 1.45 

3.56 3.05 
2.08 1.92 
1.58 1.55 
1.34 1.37 
1.19 1.25 
1.09 1.17 
1.02 1.13 
0.97 1.12 

TABLE 33 

Comparative Cost per Seat-Mile, 

RAC Cost Method 

Aircraft type 

Cost, cents/seat-mile 

Domestic, 
1500 miles 

International, 
3000 miles 

B-747 1.94 2.19 

Concorde 2.77 2.67 
US SST 2.29 2.31 
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Fig. 9—Operating Cost as a Function of Block Distance 
for International Operations 

KÄSS.“«SSïÂSïïS ISlï&SitZ*. he US SST must consequently compete on trip distances of 3000 miles or over. 

Testing of Cost-Factor Sensitivity 

An analysis was performed of the sensitivity of total operating cost to 
changes in selected model parameters. This exercise was rond ,rtL ?® 
vide insight into critical areas of airline economics. The factors that must°be 
considered more carefully to obtain profitable operations are aYSdfccor 

,Uel C0Sl' w> (e) aircÂír’ 

as follow“ e‘emCn,S 0f ,0,al eXPe,,S<! a"ec,ed ^ each “i ‘h" parameters are 

expense ^ tUe‘’ passcnger servlce. ^ral and administrative 

expense Pr‘Ce: ‘"SUranCe’ “^■'«‘»tton, general and administrative 

(c) Fuel cost: direct 

live ex¿enAseCraít U,UiZallo": depreciation, general and administra- 

RAC-R-20 
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CHANGE, ft 

c. Mointwionc* Cost 

0 +40 
CHANGE, ft 

d. Aircrah Prie* 

CHANGE, ft 

•. Utihiation 

Fig. 10—Cost Sensitivity to Various Paramotors 

Domvttic, 1500 mil«i — — — International, 2000 milei 
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(e) Aircraft seats: same as for load factor plus maintenance and pas¬ 
sengers enplaned 

( f) Maintenance cost: direct 
Figure 10 shows the variation in total operating cost with each sensitivity 

parameter.* The data are for both domestic and international operation of the 
SST. Total operating cost exhibits a positive change with increasing load fac¬ 
tor, airplane price, fuel cost, and maintenance cost. A negative change occurs 
with increasing utilization and aircraft seats. 

Applying a standard increase of 10 percent to the sensitivity parameters 
gives the results shown in Table 34. 

TABLE 34 

Percentage Chong* in Total Cost from 10 Percent Change in Parameters 

Percent change in total 
seat-mile cost 

Domestic International 

Load factor 
Aircraft price 
Fuel coat 

+ 10 
+ 10 
+ 10 
+ 10 
+ 10 
+ 10 

+ 3.0 
+ 2.6 
+ 2.0 
-2.0 
-5.0 
+ 1.6 

+ 3.9 
+ 1.9 
+ 1.5 
-1.5 
-3.5 
+ 1.2 

Utilization 
Aircraft seats 
Maintenance 

Foreign Carrier Operating Costs 

Statistical sources for foreign (non-US flag) carrier operations are not 
centralized compilations as is the CAB Form 41 data collection. Limited data 
received from a few foreign carriers indicate a wide variation in accounting 
procedure. Only total operating costs can be compared to the US carrier re¬ 
sults, since many of the foreign carriers regard airport or station costs and 
landing fees as direct costs. B-707 costs and foreign airline SST estimates 
that were obtained are compared in Table 35. 

Note that the operating costs of foreign carriers for the B-707 exceed 
those of the US international carriers by about 14 percent, whereas the esti¬ 
mate of SST costs per mile shows a difference of 7 percent, reflecting lower 
costs by US operators. These results do not agree with ICAO statistics for 
1964. European operators show total operating expenses 20 percent higher than 
the US carriers. It is apparent from discussion with airline personnel that 
most of the difference can be attributed to maintenance costs, depreciation al¬ 
locations, and lower utilization of aircraft. It is estimated that foreign main¬ 
tenance costs exceed those of US operators by approximately 30 percent. The 
other major item in operating costs, fuel and oil, varies considerably among 
the foreign carriers, depending on fuel price. European costs for fuel are 

*Sensitivity analysis of certain parameters has been discussed earlier in this sec¬ 
tion, but the measurements are repe lled here for convenient reference. 
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about the same as for the US international carriers, whereas foreign carriers 
located in other sections of the world are handicapped by much higher fuel 
prices. Indirect operating and crew costs for foreign carriers (except European) 
are substantially lower (by 30 percent) and partially compensate for the greater 
fuel prices. 

TABLE 35 

Comparison of Operating Cost per Mile of US and 
Foreign Carriers for International Operation0 

Cost segment 
Operating cost, dollors/niile 

B-707 US SST 

Foreign car. ieis 
DOC 
IOC 

Total 

US carriers 
TOC 

2.32 
2.13 

4.45 

3.88 
3.88 

4.50 
2.77b 

7.27 

6.79 
6.79 

“Costs for foreign carriers based on SST evaluation 
reports; for US carriers, on adjusted CAB Form 41 data. 

^Estimated. 

Cumulative Expenditures: Selection Based on Cost 

If the airline operator were to make his decision as to selection of the 
type of aircraft only on the basis of investment and accumulated operation costs 
over a period of time, Fig. 11 would be a necessary guide to such a decision. 
Initial flyaway cost, start-up or introductory costs, and spare investment for 
each type of aircraft are presented on the vertical axis. At this point the in¬ 
vestment necessary to produce passenger-mile productivity equivalent to that 
of the US SST is computed for each of the aircraft choices. (For example, 
more than three B-707s would be required to develop the number of passenger- 
miles generated by the US SST in any given period of time.) 

Total cost by type of aircraft is listed in Table 36. Note that total ex¬ 
penditures for the subsonic B-707, DC-8-63, and B-747 all fall within a close 
expenditure range: $201 million-$207 million for 8 years. 

Table 36 indicates that at the end of eight years—the approximate tax 
write-off period—the Concorde expenditures exceed by almost $35 million the 
equivalent US SST dollar outlay. If the choice of the airline had been the B-747, 
expenditures would have been $26 million less than for the US SST. Factors 
other than costs, i.e., speed and yield differentials and their effect on revenue 
for each aircraft, are considered in the IDA demand analysis. In the cost pro¬ 
jection of the subsonic aircraft, no allowance has been made for subsonic model 
innovations or for increased operating costs because of aircraft obsolescence. 
The B-747 will have been in operation for 14 years by the end of the 8-year 
period. 
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Fig. 11—Cumulotiv* Invustmtnt and Oparating Costs 

for Equival ont US SST Passongor-Milo Capability, 

by Typt of Aircraft 

Utilization: 3200 hr/year for supersonic, and 3900 hr/year tor 
subsónica. 
(Some at Fig. 2) 

RAC-R-20 
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COMPARISON OF OUT-OF-POCKET COSTS 

Fcr determination of the marginal cost of operating a flight. Table 37 
ndicates the selection of out-of-pocket costs and compares them with those 

selected in a previous study by Northwestern University.* 

wpifaríhí laf"ding k*® are included i" the aircraft servicing account, employee 
n , are allocated t0 a11 labor and salary accounts, and public 
iabüity (P.L.) and property damage (P.D.) insurance amounts are insignificant, 

the oniy difference in the two allocation methods is the addition of passenger 
food and handling, which are considered here as cash outlay» to operate a flight. 

TABLE 37 

Out-of-Pocket Costs 

Exhibit ti action Referenced (election2 

Crew 

Maintenance (except burden) 
Fuel and oil 
Aircraft control 
Flight attendanta 
Food service 
30 percent of passenger 

handling 
Cargo/mail loading 
Aircraft servicing 

Crew 
Maintenance 
Fuel and oil 
P.L. and P.D. insurance 
Employee welfare benefits 
Landing fees 

... The value of determining out-of-pocket expenses lies in the application 
of the determination to routing, especially in considering tag-end segments 
or uller utilization of the aircraft and for balancing of equipment to meet time¬ 

table requirements. Also, in the short run, competitive responses will require 
operation at cost levels well below total variable and fixed expenses. Compari- 
»on of out-of-pocket costs with total operating costs indicates that for all air- 

operating^osts86 ^ 0ut"oi'pocket costs is from about 60 to 65 percent of total 

Tables 38 and 39 compare out-of-pocket costs for five types of aircraft 
using domestic and international rules for various distances. ’ 

OPERATING COST SUMMARY TABLES 

Tabies 40 to 45 present operating costs as computed Ly the RAC method 
The tables are prepared showing, for various trip distances, domestic and 

^ Tî^081’ indirect C08t> “t*total operating costs in terms of 
lars per trip, dollars per airplane mile and cents per seat-mile for the 

five aircraft considered. 

REFERENCES 

2* “The Boeing ^P"80"10 Transport-Cost Factors. 
. P. Cook, Shape of the Future, Wall Street Journal, 29 Dec 66. 

3. Northwestern University, “Prices of Used Commercial Aircrati, 1950-1965," Feb 59. 
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Chapter 3 

INTEGRATION MODEL SUPPORT 

AIRCRAFT UTILIZATION 

This section contains essential costing input for the demand model de¬ 
signed by the Institute for Defense Analyses and the Federal Aviation Agency.* 

The aircraft utilization level, expressed either in terms of block hours 
per day or per year, has impact on operating costs and the number of aircraft 
required in an airline system. The impact of utilization rate is on costs that 
are fixed or relatively insensitive to the scale oí operation. Increasing the 
level of flight operations dilutes fixed capital costs such as the investment in 
flight equipment, ground property, and overhead supervisory and management 
costs, plus other accounts, e.g., insurance. 

Fig. 12—Utilization Sensitivity 

Figure 12 indicates the effect of the change in yearly utilization on total 
operating costs. Note that an increase from a flight operation level of 3200 hr/ 
year to 4000 hr/year (25 percent) will result in a cost decrease of about 4 per¬ 
cent. A decrease in flight operation to 2800 hr/year will result in a cost 
increase of 2 percent. Although the change in cost may appear to be small in 

*Fig. 3 in the Introducüc a illustrates the information flow 
demand model and the FAA Integration effort. 

required to support the 
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terms of percentage, the leverage effect on profit is considerable, since revenue 
increases in direct proportion to increases in flying hours. This is particularly 
true of the US SST aircraft, which has high productivity. Each additional hour 
of US SST flight will produce about 330,000 seat-miles at 5.5 cents/passenger- 
mile, representing an additional revenue potential of over $18,000 per hour. 

Of perhaps greater importance in the overall FAA study, specifically in 
the demand-model support portion, is the relation of utilization to the number 
of aircraft required. Because of the high investment in flight equipment (over 
$40 million per aircraft) each operator will attempt to minimize fleet size by 
exercising the controllable restraints that determine aircraft utilization level. 

Controllable restraints are those that airline operators can exercise, 
within the parameters of competitive strategy, to maintain fiscal limits. Other 
restraints such aù physical flight environment and social actions are external. 
A list of the controllable restraints and a brief description of these determina¬ 
tive factors are given below. 

Utilization Elements 

Schedules. The ability of airline management to schedule aircraft through 
the route system to achieve aircraft departures and arrivals coincident with 
travel preference and connecting flights is the most important factor in achiev¬ 
ing a high aircraft utilization. The extent to which schedule maneuvering can 
be carried (within practical and profitable limits) is determined by the strategy 
and counterstrategy employed by airline management under competitive conditions. 

Time per Stop. Time per stop involves ground time for passenger handling 
and ground servicing at en route and turnaround stops. The airline can control 
this factor by providing additional ground support equipment and personnel to a 
point of diminishing returns, i.e., to the point where ramp congestion interferes. 
Airline management can affect aircraft design by imposing a requirement for 
additional aircraft exits to speed passenger loading and unloading. Also, ad¬ 
ditional gate positions can be installed to limit delays caused by aircraft await¬ 
ing clearance to a ramp. However, greater numbers of airplane exits and 
airport gate positions require additional airline investment in flight equipment 
and airport real estate. An analysis of the US SST design and size and ground 
facilities expected in the 1974-1990 time period indicates a 45-min ground 
time for the SST. 

Maintenance Downtime. Maintenance downtime consists of daily inspection 
and periodic and unscheduled maintenance. The provision of additional spares 
positioned on the airline route and additional manpower to perform maintenance 
will reduce aircraft time on the ground. If operators seek this method of in¬ 
creasing aircraft utilization, an immediate restraint will be the high price of 
spare parts. Unscheduled or premature part failure will tend to reduce the po¬ 
tential US SST utilization level during the first 3 years of aircraft operation. 

Uncontrollable aircraft utilization restraints are those over which airline 
operators cannot at this time exercise control. The four major restraints of 
this category are listed below with a description of each of these restraints. 

Sonic Boom. Restrictions designed to reduce sonic boom occurrence that 
require flight corridors deviating from the great circle routes between cities 
will reduce the effective utilization rate. Techniques now available to control 
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sonic boom-and those improvements envisioned as being practical by 1980 
the midpoint of the 1974-1990 time period-do not appear capable of eliminating 
this restraint. 6 

Night Curfew. Local ordinances prohibiting nighttime US SST operations 
because of noise levels at takeoff or landing nay be involved. Reflecting the 
opinions of operators, a curfew was imposed for the purpose of this analysis 
between the hours of 10 PM and 6 AM to prevent local airport noise and en 
route sonic boom. Since only 5 percent of all passenger traffic moves during 
this period, a night curfew restraint will have litUe effect on the demand 
scheduling of the long-haul US SST. 

Air Traffic Control Delays. Although the US SST will operate only between 
maJ°r clty terminals throughout the world, where present traffic congestion in 
approach and departure channels is near saturation, no penalty has been assigned 
to the US SST for this restraint. On the basis of opinions received from airlines 
and aircraft manufacturers it is concluded that although passenger traffic will 
increase, certain factors wUl tend to hold air traffic delay rates at, or at 
least near, the level now experienced. These factors are (a) the continued 
development of radar control aided by computer analysis; (b) larger aircraft 
for trunk and feeder operations,which wUl reduce the number of aircraft to be 
handled; and (c) possible off-peak-hour fare reductions that will spread out 
popular departure hours. 

Meteorological Disturbances. Terminal weather delays are not expected 
to exceed the levels established in the 1965-1966 time period and may be less 
because of landing and approach aid development. Clear-air turbulence (CAT) 
has been experienced at high altitudes by military supersonic aircraft and may 
force descent of the US SST into the subsonic altitude and speed regime. Few 
experience data have been obtained to confirm the patten» of atmospheric turbu¬ 
lence above an altitude of 40,000 ft. However, on the basis of sample data ob- 
ained by NASA and the USAF the US SST structure is deemed capable of absorb¬ 

ing high gust loads. 

Passenger comfort presents another consideration. Vertical air move¬ 
ment other than jet-stream turbulence above the dome of rising thunderheads 
could cause air ro-’ghness. Evidence of the effect of ice crystals in high cirrus 

°nly tyt>e 0f cloud at US SST cruise altitudes, between 50,000 and 
70,000 ft) could not be obtained. 

Solar radiation at a 65,000-ftaltitude is stated to be well below the hazard¬ 
ous range, although intense solar flares could force the US SST to descend to 
subsonic jet altitudes of from 30,000 to 40,000 ft. Polar routes above lat 50°N 
will be most affected by solar flares. Flight beyond 1 hr during the intense but 
infrequent occurrence of solar flares could have toxic results. Flares of dam¬ 
aging intensity are rare-less than four per year-and occur only during certain 
sunspot cycles.2 * B 

Equation Solution of Utilization Level 

A review, analysis, and evaluation of all pertinent equations followed by 
development and modification of these equations by RAC analysts resulted in 
selection of specific equations for use. Values were assigned to the major 
factors discussed above. Several such equations were proposed, but the effort 
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of Robert F. Stoessel of the Lockheed Aircraft Company (LAC) received the 
largest degree of acceptance by domestic and international airlines. * 

The values shown in Table 46 were selected to quantify major elements. 
Maintenance statistics available from CAB reporting include cost data 

only. Records for determining time on theground cannot be obtained except 
for major overhaul, which grounds the current jet only about 7 days per 18- 
month period.4 Line and periodic maintenance account for the major portion 
of maintenance expense. Periodic maintenance will vary according to the spare- 
parts inventory and manpower levels. Determination of these levels is a 
management function and involves a tradeoff of additional expense to achieve 
a higher utilization. Continental Airlines is an example of an operation that 
achieves notably high utilization of a minimum fleet, thereby avoiding additional 
capital investment in flight equipment. 

TABLE 46 

Utilization Elamants, Valúas, and Symbols 

Elements contributing to ground time Value Symbol 

Daily maintenance inapection 

Periodic maintenance 

Curfew 

Time per atop 
Unacheduled maintenance 
Scheduling 
»mic boom 
ATC holda 
Meteorological diaturbancea 

2 hr day 

Time per day _ Q , 

Utilization per day 

R hr, day 

45 min 

0.75 contingency factor 

Tdm 

Rpm 

The allocation of 2 hr/day for daily inspection and the ratio of 0.25 hr pei 
block hour for periodic maintenance proposed by Stoessel1 appear to be rea¬ 
sonable. These values have been accepted by the large domestic and inter¬ 
national airlines for the past 5 years. 

Time per stop will be influenced by unscheduled maintenance, a factor 
only partially controllable by design and use of electronic detection devices. 
Unscheduled maintenance can be a critical determinant of overall utilization. 
Douglas Aircraft Company, in a report based on DC-8 operations, indicated 
that unscheduled maintenance accounted for 50 percent of total maintenance 
downtime. This unpredictable portion of maintenance is especially critical to 
US SST operation. Flight schedules are tightened by curfew restrictions. A 
maintenance delay of as little as 1 hi could cause cancellation of two or more 
flight segments with an attendant loss of revenue. Further, an additional cost 
for ferry flights to position the aircraft for the following daily schedule is im¬ 
posed." Again, efforts to investigate the magnitude of this type of delay were 
prevented by lack of data. However, BAC reports that only 2 percent of all 
flights are delayed (for all causes) for 1 hr or more.7 
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Daily or preflight inspection time is related to aircraft accessibility. On 
en route stops of the US SST, inspection of the airframe will be hampered by 
heat not dissipated in the subsonic descent. The various electronic aids (both 
airborne and ground-based) that will quickly diagnose the cause of any subsys¬ 
tem malfunction will serve as compensation for this difficulty. The 2 hr/ day 
allowance for daily inspection appears to be reasonable for both the B-747 and 
the US SST aircraft. 

Connect ground powor 

Shut down remaining engine 

Poiition loading ramps 

Passenger unloading 

Refuel and Nj service 

Replenish potable water 

L02 service 

Lavatory service 

Buffet service 

Unload baggage 

Hydraulic service 

Engine oil service 

Cobin cleaning 

Inspection check 

Passenger loading 

Baggage loading 

Connect start truck 

Remove loading ramps 

Start engine 

Remove ground power 

Start remaining engines 

Remove start truck 

0 10 20 30 40 50 60 
TIME, MIN 

Fig. 13—Elapsed Time for LAC Aircraft in Domestic Turnaround Operations 

Both LAC and BAC first proposed a 55- to 60-min turnaround servicing 
time. Figures 13 to 15 show time distribution by function. Subsequently, in 
the 6 September 1966 proposals, both companies reduced the time limit for en 
route and turnaround stops to 20 min and 30 min, respectively. The number of 
simultaneous operations, combined with the handling of 600 passengers (maxi¬ 
mum on and off), within these time limits would seem to require a considerable 
amount of ground equipment. Simultaneous passenger unloading and aircraft 
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Fig. 14—Elapsed Time for BAC Aircraft in Turnaround Stop Operations 
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refueling is necessary for the aircraft proposed both by LAC and BAC. Although 
these functions are performed concurrently in present subsonic aircraft oper¬ 
ation, passenger movement around the US 5ST might not be safe because of the 
hot airframe and residual fuel vaporization. For the purpose of examining the 
potential utilization of the US SST a more conservative average stop time of 45 
min is assumed (Ts = 0.75 hr.) 

Although curfew restrictions will vary with each origin and destination, a 
value of 8 hr is assigned to the curfew period, i.e., the time from 10PM to 6AM. 
Periodic and other types of maintenance will be accomplished during the curfew 
period. Curfew restrictions were not applied to subsonic aircraft. 

With the exception of the transcontinental domestic route the curfew period 
coincides well with the low-demand hours of travel. The high-density North 
Atlantic run has slack times that fairly match the US SST curfew for eastbound 
or westbound departures. A like correlation exists in the north-to-south 1000- 
mile markets. ^ However, a certain amount of compromise and deviation from 
optimum scheduling will have to be performed to match the most popular de¬ 
parture times of day and to keep a reast of competitor scheduling tactics. 

The utilization factors-scheduling to meet demand, ATC delays, weaker 
and unscheduled maintenance-are estimated by application of a contingency ’ 
factor Cf. Values for contingencies can vary from 0.80 (i.e., realization of 
80 percent of potential utilization) to the expression 0.80- 0.02 Th, where Tn = 
block time. Block time is dependent on the length of flight and the resulting 
contingency factor can be as low as a 0.73 for long- range US SST flights. The 
0.80- 0.02 Tjj expression assumes that the longer exposure of aircraft to 
weather on longer flights increases the potential for unpredictable delay and 
difficulty in rescheduling subsequent flights. However, it is impossible to 
verity the block-time coefficient to ascertain which factor-i.e., 0.02, 0.03 
0.05, or other number-reflects with greatest accuracy the experience’dictated 
by real situations. 

A foreign carrier, Air France, has suggested a method of determining po¬ 
tential aircraft utilization. With this method Cf could equal the ratio of average 
utilization per month to peak utilization per month. The logic of this method 
relates the potential utilization attainable for an individual airline to the average 
conditions; the method then reasonably expresses the restraints that prevent 
continual operation at peak utilization; i.e., the contingency or realization factor. 

Average/peak rates were compared by month for 1965. B-707 data fur¬ 
nished by BAC indicated a ratio of 0.72 for Pan American Airways and 0.77 for 
American Airlines. Therefore a value of 0.75 was assumed for the US SST 
operation, and a slightly lower ratio, 0.72, was assumed for the subsonic B-747 
The lower ratio was assumed for the B-747 to allow for the greater size of the ' 
aircraft and the additional exposure to winds and weather experienced at lower 
cruise altitudes. 

The equation then can be devised to project utilization as a function of dis¬ 
tance. For US SST aircraft operation without curfew: 

Utilization * Cf (24 - + RPM ♦ 1] (f ) 

For US SST aircraft operation with curfew, and under the assumption that peri- 
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odie maintenance can be performed during the curfew period: 

Utilization = Cf (24 - Nc VI (T,/T6) + 1] (2) 

I 

Figure 16 represents Eq 1 and 2 plotted against distance. The dot scatter 
shown on the upper portion of the figure resulted from the application of sub¬ 
sonic utilization rates that reflect tho actual subsonic experience of 1965. 

The 12 major trunk airlines operating on domestic and international routes 
were arrayed to show utilization as a function of distance scatter as shown 
on the top curve of Fig. It». The cluster shows the range on an average distance 
basis and indicates an average utilization of slightly less than 11 hr of block time 
per day for average distances of 600 to 1400 miles 

Fig. 16—Utilization of Subsonic and Suporsonic Aircraft 

T»: 45min;Nc: Night curUw, 8 hr (SST only); Tdm: Moint.nonc. in.poction, 
2 hr/doy (subionic only); C,: Contingoncy factor, 0.75 (SST); 0.72 (subsonic); 

RPM: Ratio poriodic mo;ntonanco/bloch hours, 0.25. 

The lack of correlation between the theoretical curve and actual data for 
1965 results from using average distances (of necessity) for the rates show,!. 
Under airline operational reality these aircraft may fly a 2500-mile transcon¬ 
tinental segment one day and then be assigned to shorter segments within the 
route system. This same condition is applicable to the US SST cluster shown 
on the bottoip curve of Fig. 16 The cluster indicates an average utilization of 
8.5 to 9 hr/day and reflects the negligible impact of leg distances. The super- 
sonic-transport scatter was determined from schedule and route analyses of 
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15 international airlines and 9 domestic airlines. ITie route analysis related 
demands for aircraft operation to specific route distances. The minimum 
flight distance was 120 miles; the maximum flight distance considered in this 
analysis was 4853 miles. Pertinent factors of the schedule analysis are listed 
in Table 47. 

All but three of the airlines depicted fall within a uti’ization range of 8 
to 9.5 hr/day at flight distances of from 100 to 2300 miles. An average of 8.5 
hr (3100 hr/year) can be assumed for US SST domestic transcontinental hauls, 
and 8.7 hr for international distances of 2000 or more miles. Subsonic utiliza¬ 
tion of 10.5 hr/day (3800 hr/year) is suggested for domestic operation and 11.0 
hr/day (3900 hr/year) for international distances. 

The Mentzer Committee specified a utilization of 16 hr/day as an objective 
for a short-term US SST operation.* Comments of this Committee also rec¬ 
ommended an en route service time of 20 min and a turnaround time of 30 min. 
Again reduction of this stop time apper.rs to be optimistic. A study of monthly 
utilization averages for high-time aircraft provided the array shown in Table 
48. Surge capability is represented by the percentage of monthly increase in 
utilization over cumulative utilization. The maximum increase was that of 38 
percent experienced by Pan American Airways in May 1965. The highest utili¬ 
zation attained was 15 hr (increased in 1966 to 16 hr) by Continental Airlines. 
The 15-hr value,however, reflected the Continental military (MAC) operation. 
When the gain of 38 percent is applied to the estimated SST level, a peak of 12 
hr results—far short of the 16 hr desired by the Airline SST Committee. How¬ 
ever, on a time basis of less than a month it is possible to reach, for a few days, 
the 16-hr goal. Attainment of this utilization figure on a continuing basis, at 
least during the first 5 years of SST operation, appears highly improbable. 

Fig. 17—Actual Block Utilixation Rata* and Estimatad SST Rate 

The introduction of any new aircraft makes necessary a learning period 
accompanied by low levels of utilization for at least the first 3 years. The cur¬ 
rent jets, i.e., the B-707 and the DC-8, were not exceptions. Utilization rates 

■¡■Comments of Airline SST Committee, May 1966. 
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in hours per day, for each year since tl.e initial operation (1959) of jets now in 

6 C|barteiûilî FÍgUre 17' The utilization rates 01 these aircraft have risen 
steadily since 1960, the first year of full operation, from 6.7 hr/day to 11.2 
hr, day. This increase in utilization represents a gain of 65 percent or 
about 9 percent per year. ’ 

a18° shown on Figure 17 is the estimated utilization growth rate of the US 
SST. US SST utilization is expected to reach a level of about 5 hr/day at the 

f,ir8t ï?™? °Peration- The utilization level is expected to increase 
to slightly less than 9 hr/ day, the utilization rate anticipated for the 1980-1982 
time period. 

SEGREGATION OF OPERATING COSTS 

The determination and selection of costs into fixed and variable elements 
is a difficult process for manufacturing enterprises. For service industries 
such as transportation the job is even more complex. The difficulty in defining 

i „",twín,,Jand “lon&-term’ C08ts 18 the basis of this complexity. Theoret¬ 
ically all fixed or long-term costs can be considered as allocable overtime. 
The proWem is one of assigning lifetime values, which are difficult to determine 
particularly in a growing industry where obsolescence, expansion, and leasing 
arrangements completely disguise the nature of fixed and variable costs. One 
method is to define costs on an “out-of-pocket," or cash outlay, basis. This 
approach tends to lean toward the short-term outlook or marginal costing. 
Out-of-pocket* costs can be applied to decisions involving additional flights— 

particularly the so-called “tag-end" segments where the airline operator has 
the opportunity to utilize the aircraft without affecting the basic routing. Any 
revenue gained over and above trip expenses based on out-of-pocket allocation 
is then profit, since all fixed costs are considered to be “sunk* expenses. 

Cost Allocation for Integration Model 

As necessary input to the integration model, costs were allocated on the 
jg^'term ^818 as shown in Table 49. Beyond the difficulties of accounting 
judgments (expressed in the discussion on Indirect Operating Costs, where 
CAB Form 41 lists several expense categories in aggregate) certain functions 
cannot be expressed as completely variable with block time. An example is 

contro1. which includes the dispatch functions of flight clearance and 
flight-plan preparation, as well as flight monitor. Part of this job (preparing 
clearance) is independent of block time, but the monitoring portion varies 
directly with block time or trip distance. Similarly maintenance burden is 
relatively insensitive to increase or decrease in flight distance, since this ac¬ 
count consists of supervisory and parts-control personnel. 

Figures 18 to 21 indicate the results of this cost allocation in terms of 
cost per trip. 

Seat Costs 

j.« Figures 18 ^ 19» displaying seat cost as a function of distance, reveal 
different values for each of the various aircraft. Since all the direct costs ex¬ 
cept depreciation are included in the determination of seat cost, the slope and 
level of the lines indicate the efficiency of the aircraft in producing a seat-mile. 
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TABLE 49 

Co*» Breakdown of Oiroct and Indirect Cost* 

Co*f item 

Maintenance 

Maintenance burden 
Fuel 

Crew 

Insurance 

Indirect operating costa 

1 * GP&E, direct 

maintenance, main- 
nance burden, de¬ 

preciation 

2- Aircraft aervicing, 

servicing adminis¬ 
tration 

3- Aircraft control, 

servicing adminis¬ 
tration 

4- Passenger service 
flight attendant 

5- Passenger food 

6- Traffic servicing, 

servicing adminis¬ 

tration, reservations 

and sales (pax) and 

aircraft handling. 

7- Traffic servicing, 

servicing adminis¬ 
tration (cargo) 

8- Passenger service, 
reservations and 

sales, advertising 
and publicity (pax) 

9- Reservations and 

sales, advertising 

and publicity (cargo) 

10-General and adminis¬ 
trative 

Costs 
with flij 

associated 
bt operation 

Variable 

with 

distance 
Not variable 

Cost* associated 

with pax/cargo services 

Variable 
with 

distance 
Not variable 

X 

X 

X 

X 

Xa 

90¾ X 10¾ X 

80¾ X 20¾ X 

50¾ X 50¾ X 

“Included for subsonic and Concorde aircraft onlv. 
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Fig. 18—S«ot Cost os o Function of Distonc«, International Operation 

See Table 49 for expenses allocated to cost per seat. 

Fig. 19—Seat Cost os a Function of Distance, Domestic Operation 

See Table 49 for expenses allocated to cost per seat. 

V. 
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The dotted lines show those costs incurred for trips between city pairs that ex¬ 
ceed maximum cargo range, and the additional costs for a stop (i.e., landing 
fees, fuel servicing, and passenger handling plus other related costs) are 
graphed. For example, the cost per seat for a 4000- mile trip on the US SST 
(international operation), as shown in Fig. 18, is $39; for a 5000-mile through 
flight the cost would be $52. The solid lines for each aircraft terminate at 
maximum payload ranges. Costs at the zero intercept represent those initial 
indirect expenses necessary to operate a trip, i.e., fueling, towing, loading of 
cargo, and pro rata overhead accounts (advertising and public relations). The 
size of the aircraft and level of operation determine the magnitude of these costs. 

40 
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DISTANCE, THOUS OF MILES 

Fi.]. 21—Passenger Cost as a Function of Distance, Domestic Operation 

Based on 58% load factor; see Table 49 for expenses 
allocated to cost per passenger. 

Passenger Costs 

Similarly the costs associated with the passenger as a function of dis¬ 
tance were plotted in Figs. 20 and 21. The zero intercept point is the same 
for ah aircraft, and the spread from that point to 2500 miles is attributable to 
flight-attendant cost, which is a function of airborne time. Costs then are low¬ 
est for the US SST simply because of the higher speed. The cost differential is 
small, however, amounting to a little over $2 at 2500 miles. The increase at 
that mileage reflects the need for an additional meal on the slower subsonic 
aircraft. Dotted lines indicate the increase in cost resulting from an en route 
stop on flights exceeding maximum payload range. 

Elapsed Time Comparison 

The demand model required trip distance information by aircraft type in 
order to develop time/fare travel preferences. Figures 22 and 23 are plots of 
time as a function of distance for each of the aircraft. Zero wind component 
is applied. 

ONLY 
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Fig. 22—Elapsed Time as a Funciion of Distance, International Operation 

Zero wind. 
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Fig. 23—Elopsed Time os a Function of Distance, Domestic Operation 

Zero wind. 

START-UP COSTS 

An additional requirement for the FAA integration effort was the develop- 
ment of airline start-up costs. Such costs are associated with the introduction 
of new types of aircraft into airline service. In order to identify costs unique 
to the US SST it was necessary to examine the present level of Ground Property 
and Equipment. The discussion deals with airlines-owned facilities and ground 
equipment. 

Airline-Owned Facilities 

Discussions were held with personnel of several airlines relative to the 
requirements for the US SST for maintenance facilities and passenger terminal 
facilities. Firm requirements for SST maintenance facilities have not yet been 
established. Preliminary consideration has been given such problems as 
locating facilities relative to route structures and deciding whether existing 
buildings can be added to or totally new buildings will be required. An attendant 
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problem that may have considerable influence on decisions is land acquisition 
for new facilities. The consensus was that maintenance-facility planning is in 
a very formative stage and no attempt has been made to prepare cost estimates. 
Firm planning will start about 5 years preceding the introduction of the aircraft 
into scheduled service. 

The requirements for passenger terminal facilities for the US SST present 
two problems. One is associated with internal facilities needed to handle large 
numbers of people. The costs attributable to the introduction of the US SST are 
projected to be neglibible because of the advanced subsonic aircraft—stretched 
8’s and the 747. The existence of these aircraft will result in passenger ter¬ 
minal facilities of sufficient capacity to accommodate the US SST when it is in¬ 
troduced. Facility enlargement is under wa^/ at present to handle the projected 
increase of passengers for the latest model aircraft. 

It is entirely possible that the US SST may serve different terminals than 
the advanced subsonics. To this extent new terminals may be required for the 
US SST. However, forecast demand has not yet been applied to identify such 
possible locations. Detailed terminal planning at this time would be premature 
and would not have realistic meaning. 

The other aspect of passenger terminal configuration—aircraft gate space— 
is receiving careful consideration in the planning of new terminals that are to 
be operational by 1970. The lengths of both the 747 and US SST are such that 
if parked parallel to the terminal, permitting the use of loading bridges for 
simultaneous front and rear loading, they would occupy three normal gate posi¬ 
tions and thus create potential ramp-congestion problems. An alternative 
method of loading is to have the aircraft nosed into the terminal loading dock. 
However, this would force the use of only one loading bridge, requiring that all 
passengers be loaded through one door. Such an arrangement would result in 
longer aircraft turnaround times. Another loading approach being considered 
by the airlines is transportation of passengers from the terminal to the aircraft 
in mobile lounges, as at Dulles International, or in ramp bi ses of the type used 
at European airports. Since many of these decisions are dependent on the vol¬ 
ume of traffic that will exist at the time firm planning is started on these proj¬ 
ects 3 or 4 years hence, dollar estimates made at this time would be pure 
conjecture. 

Property and Equipmenl Costs 

Statistics were compiled on Property and Equipment costs as reported by 
10 airlines for the period 1963-1965. Listed below are the classifications of 
property and equipmert included in CAB Form 41, Schedule B-5 quarterly 
reports. 

1600 OPERATING PROPERTY AND EQmPMENT 

Flight Equipment 

1601 Airframes 
1602 Aircraft engines 
1603 Aircraft propellers 
1604 Aircraft communications and navigational equipment 
1606 Miscellaneous flight equipment 

RAC-R-20 
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1607 Improvements to leased flight equipment 
1608 Flight equipment notable parts and assemblies 
1608.1 Airframe parts and assemblies 
1608.5 Aircraft engine parts and assemblies 
1608.9 Other parts and assemblies 
1609 Total flight equipment 

Ground Property and Equipment 

1630 Passenger service equipment 
1631 Hotel, restaurant and food-service equipment 
1632 Ramp equipment 
1633 Communication and meteorological equipment 
1634 Maintenance and engineering equipment 
1635 Surface transport vehicles and equipment 
1636 Furniture, fixtures, and office equipment 
1637 Storage and distribution equipment 
1638 Miscellaneous ground equipment 
1640.1 Maintenance buildings and improvements 
1640.9 Other buildings and improvements 
1649 Total operating ground property and equipment 

1679 Land 
1689 Construction work in progress 
1791 Nonoperating property and equipment 

Total property and equipment 

The reported costs were examined in an attempt to establish a basis for 
estimating marginal costs of ground property for US SST operations. Schedule 
B-5 provides for reporting costs of new items of equipment added, items of 
equipment retired, and the present depreciated value of items still in service. 
The costs as reported in each of the three categories mentioned are aggregated 
for the system-wide equipment classification and do not identify individual item; 
of property or equipment. Discussions were held with representatives of 
several airlines to explore the possibility of associating Ground Property 
costs with specific types of aircraft, but in most instances this type of record 
is not kept. II only a single type of aircraft operates into a station, it would 
be logical to associate equipment cost with that aircraft, except that in a maiori 
o stations that situation does not exist. The conclusion was reached that B- 5 
data do not make it possible to establish realistic marginal equipment costs by 
tvno nf J 

Start-Up Cost Estimates 
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Estimât* of Start-Up Costs 

Estimât* Cost, dollars 

(■round support rquipmrnt8 
On-I inc stations* 

Turnaround stations^ 

Maintenance bases1 
Training 

Might simulator and training 
aids* 

Might ere»* 

Maintenance personnel^ 
Training aids** 

Advertising (26 airlines) 

Total 

48.220,600 
9.241,100 

42,034.000 

33.300,000 

108.000.000 

12.605.000 

6 500,000 
26,000,000 

285.900.000 

“257 tow tractors included in estimate. 

Additional equipment required over normal through station complement. 
' 1 wenty airlines operating maintenance bases with other airlines 

contracting for services. 

fifteen airlines operuiing flight-crew training schools including 

12 million per simulator plus $200.000 in other training aids. 

JT.stimule based on training 6 crews per aircraft at $30,000 per crew. 
'Hased on training 6 personne! per station plus 100 at each mainte* 

nance base at $2500 per person. 

^Maintenance training aids $250,000 per airline. 

TABLE 51 

Estimât* of Number of Stations and Maintenance Bases 

Airline Stations served Turnaround stations Maintenance bases 

8 

9 

10 

11 
12 
13 

14 
15 
16 

17 
18 
19 

20 
21 
22 
23 

24 
25 

26 

Total 

19 
29 

14 

37 

12 
8 

30 

14 
6 

12 
12 
15 

12 
15 
25 

32 
10 
8 

45 
28 

13 
20 
24 

32 
20 
15 

507 

12 
18 

8 

24 

8 

6 

18 

8 

6 

8 

12 
10 
8 

10 
15 
20 

10 
8 

30 

16 

8 

12 
16 
20 

20 
10 

341 20 
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by the US SST was made for each of these airlines and a further number esti¬ 
mated as turnaround stations. 

The number of turnaround stations was identified because certain additional 
support equipment is required compared to through stations (see Table 51). 

An estimate was also made of the number of major maintenance bases to 
be equipped. This estimate assumes that many airlines will contract for major 
maintenance of the aircraft; this is reflected in the estimated number of bases 
(see Table 51). 

The dollar value of the ground support equipment was obtained from the 
Booz-Allen report reflecting an American Airlines estimate (no other source 
provided such a comprehensive listing). However, some of the costs listed 
were modified as a result of discussions with the airframe manufacturers on 
equipment item costs. These costs are shown in Table 56. 

TABLE 52 

Equipment Item Cost Estimate 

Equipment item»0 

On-line 
station» 

Turnaround 
stations 

Cost, dollars 

Maintenance 
base 

Trailer, oxygen 3,500 
Trailer, nitrogen 9,500 
Truck, hydraulic servicing 5,500 
Trailer, lube 600 
HiPreasure grease gun _ 
Trailer, shock servicing _ 
Truck, cargo converter 25,000 
Boarding ladder _ 
Tow bar 1,700 
Mo .ring kit _ 
• heel mover _ 
Tow tractor 100,000 
Maintenance base equipment _ 
Miscellaneous special tooling _ 

Totals 145.800 

2,100 

2.000 
23.000 

27,100 

500 

1.200 

1.750.000 
350,000 

2,101.700 

all is assumed that many items of ground support equipment normally found at on-line 
stations, such as trucks used for toilet servicing, meal servicing, etc., will be in exist¬ 
ence or will require but minor modification of existing equipment. No costs are included 
in this estimate for passenger boarding equipment or other passenger terminal facilities 
because it is assumed that such equipment will be in existence. 

An as^ -mption was made on the number of tow tractors required. The 
number eh. .n was based on the thinking that some tow tractors will be in ex¬ 
istence for 747 aircraft, that some pooling arrangements for interline equip¬ 
ment usage will exist, and that at certain airports tractors may not be required 
(e.g., aircraft not parked adjacent to terminals, as at Dulles International). 

Included in the start-up cost estimate are those expenses associated with 
the training of flight crews and maintenance personnel. Here again it is as¬ 
sumed that airlines will not all set up their own training facilities but will con¬ 
tract for such services. These estimates were based on discussions with 
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several airlines relative to their training cost history when the turbine-engine 
aircraft were introduced into operations. 

Also included in the cost estimate is a modest amount for introductory 
advertising. 

Usually the Initial training of flight crews and maintenance personnel, 
together with the advertising associated with the introduction of an aircraft, is 
capitalized as Development and Preoperating Expenses. Subsequent training 
required as additional aircraft of the same type are put into service is reported 
as an operating expense under the appropriate Indirect Cost Functional Account. 

TABLE 53 

Ground Property and Total Assats, Domestic Trunk Linas 

Ground proparty GPE of 
Total attott, la»» depreciation, total asiatt, 

Year thou» of dollar» thou» of dollar« % 

1955 1,003,338 76,482 
1960 2,549,087 164,871 
1961 2,819,953 176,712 
1962 2.990,724 183.289 
1963 3.038,708 183.050 
1964 3,420,257 194,539 
9 months end¬ 

ing Sep 65 3,967,867 217,232 

7.64 
6.46 
6.25 
6.11 
5.95 
5.68 

5.48 

Included here for general interest, as Table 53, Is a brief resume of his¬ 
torical Ground Property value compared with Total Airline Assets. 

The table Indicates a gradual decline in relative value of Ground Property 
and Equipment due in part to the increasing unit cost of aircraft and to higher 
unit costs associated with those aircraft. Also, leasing and pooling arrange¬ 
ments will tend to reduce the relative value of Ground Property. 
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Chapter 4 

COST MODEL 

COST MODEL DEVELOPMENT AND CONSTRUCTION 

Bt.nODeIrerl0Pment and con8tructlon of operating cost model entailed several 
steps. After surveying prior efforts by other organizations and gathering air¬ 
line operating statistics the cost model evolution took two separate paths- 

«iïr!«00818 and in.direct costs- The following section delineates the model 
selectton process from the standpoint of direct and indirect accounts. The 
symbols used in the DOC equations are: 

F), block fuel, lb 
cost of turbine fuel, dollars per gal 
cost of turbine oil, dollars per gal 
number of engines 
block time, hr 
operating weight empty, lb 
maximum cruise speed, mph 
weight per engine, lb 
thrust per engine, lb 
cost of one engine, dollars 
cost of complete airplane, dollars 
depreciation period, years 
ratio of airframe spares cost to airplane price less engines 
ratio of engine spares cost 
insurance rate, i 
development cost (total fleet), dollars 
size of fleet for amortizing development cost 
aircraft utilization, hr per year 

Cf, 
Co. 
N, 
Tb 

Sa 

'I 

C, 
Da 

^spa 
^spe 

¡a 
Dc 
Sf 
11 

COST MODEL SELECTION PROCESS 

Direct Operating Costs 

0n the devel°Pment of a direct operating cost model 
fn h that lpproaches t0 the Problem were practical. The first was 
to develop a regression model based on airline experience data The second 

r“a aT' r rn,i'!'liVe teS,S °" relations (CERs) to determine the practicability and validity of these CERs. 

existil d^r: feCS T T"8,t0 USe 016 SeCOnd approach and test and eva^uate 
tprnli P d 7 » T1618 (selectin« the one which best met the tests for in¬ 
ternal consistency and computed variance with CAB data). This approach is 
described in the following pages. approacn is 
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Although the second approach was selected, a large amount of regression 
analysis was. performed. This regression work evolved *nto DOC equations, 
which are available on request to the authors. A sample of the regression 
analysis is shown in App B. 

The primary reason for not using the regression equations was loss of 
flexibility due to inability to subaggregate specific costs. In addition, regres* 
sion equation costs were expressed as annual expenses, and accuracy is lost 
when these costs are relegated to shorter time periods. A further disadvantage 
was evident in the quality of data, i.e., it was impossible to segregate current 
jet costs from the data sample and still obtain sufficient observations for the 
analysis. 

Test and Evaluation of CERs. The selection of a model for predicting di¬ 
rect operating costs of t upersonic air transports presented an especially chal¬ 
lenging task. Since SST experience does not exist there were no data available 
against which to measure the predictive ability of the several CERs. It was 
therefore necessary to analyze each of the CERs for the internal logic and con¬ 
sistency inherent in the mathematical formulas used. Those formulas that 
on the basis of engineering judgment had built-in inconsistencies were un¬ 
acceptable. 

The Selection Process 

Qualitative Tests. A determination of partial derivatives was made to see 
if the CERs imply consistent internal relations. Those CERs that met qualita¬ 
tive criteria were subjected to quantitative tests. 

Quantitative Tests. CERs were used to compare the projected cost data 
with CAB data. Variances around the CAB data were computed to determine 
the behavior of variance around these data. Large difference eliminated some 
of the CERs. 

Forecasting Test. Those CERs that could not be utilized on the basis of 
the above mentioned tests were considered on the basis of the amount of varia¬ 
tion in their ability to forecast costs beyond the range of present experience. 
The CER with minimum variance in forecasting represented the CER in which 
most confidence was placed. 

Qualitative Evaluation. An analysis of the internal logic of the CERs in¬ 
volved an investigation of the relation of the principal variables in the estimat¬ 
ing equation. The factors on which attention has been focused are (a) aircraft 
velocity, (b) aircraft utilization (also dependent on velocity), and (c) aircraft 
weight. Thus the question investigated concerned cost behavior when each of 
these variables is permitted to change while the other two factors are held 
constant. The expected behavior pattern can then be compared with the rela¬ 
tions derived from the cost equations. To derive such relations from the 
equation 

where C 
V 

U(V) 
ft 
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C - flv, U(V), ftl 

= cost 
= velocity 
= utilization 
= weight 
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nvohres taking first partial derivatives, e.g., dC/òV, which expresses the change 

I r/™!8 a“ ChangeS (utllization and weight held constant). Similarly, 
o C/a U and à C/ò I were obtained and examined for respective behavior patterns. 
Expected behavior patterns from operational experience and engineering judg¬ 
ment are shown as tools of measurement in Table 54. 

Celt category 

Flight crew 

Fuel end oil 

Maintenance 

Depreciation 

Inaurance 

TABLE 54 

Qualitative Criteria 

Cost curve 

Velocity increaaing 
Utilization increaaing 
Weight increaaing 

Velocity decreaaing 
then increaaing 

Weight increaaing 

Velocity decreaaing 
eome apecified level 

Weight increaaing 

Velocity decreaaing 
Utilization decreaaing 

Velocity decreaaing 
Utilization decreaaing 

Portiol differential 

Velocity at leant conatant, probably incieaaing 
Utilization poaitive, increaaing with variable 
Weight at leant conatant, probably increaaing 

Velocity negative, then poaitive, increaaing 
with variable 

Weight negative with increaaing variable 

Velocity poaitive, increaaing with variable 

Weight negative, decreaaing to some apecified 
level 

Velocity negative, decreaaing with variable 
Utilization negative, decreaaing with variable 

Velocity negative, decreaaing 
Utilization negative, decreaaing with variable 

(Th. w<,r',3“b>,ec,ed t0 "* foregoing qualitative evaluation. 
(The Boeing method was published too late to be Included In this analysis.) 
These methods are referred to as is shown in the accompanying tabulation. 

Method 

1 
2 
3 
4 

FAA 66 

Origin 

ATA 66 
ORI 
PRC 
LAC 66 
FAA 66 

Appendix C contains the cost-estimating equations, partial differentials 
and actual cur ve forms for the various methods presented. Equations are shown 
in the first par of the appendix by method, and curve forms are shown in the 
second part, numbered 1 through 24. 

Quantitative Evaluation. In the absence of supersonic experience the only 
opportunity to confront the predictive performance of the CERs with actual cost 
data lies in the subsonic flight regime. It is reasonable to compare the CAB 
data with predicted costs based on US SST CERs. Both the direct cost data and 
the equations are organized by the following categories of interest: (a) crew 
costs, (b) maintenance, (c) petroleum, oils, and lubricants, (d) depreciation, and 
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The basis for this quantitative evaluation relies on the ability to compute 
the amount of variability of each CER by category around the CAB data for com¬ 
parable inputs. Those CERs, or portions of CERs with the smallest variability, 
obviously do the best job of predicting subsonic cost data over tns period of 
time represented by the data. 

Variance was calculated by the expression: 

where Cj * CAB data cost 
C1 = computed data cost (using various methods) 
Nx = number of years or observations 

The computed data cost (C1) was obtained by inserting subsonic aircraft 
data into the supersonic equations which are used by the various methods. The 
output of these equations gave quasisupersonic costs for the lower-speed regime 
and could be compared with equivalent CAB data. 

Standard error of forecast takes the form: 

where N * number of observations 

Vj * any velocity 
V = means of velocities used in subsonic computation 

= variance 

Confidence in Forecasting. Immediate questions that arise are: (a) How 
well do the CERs predict costs of supersonic speeds in the absence of data, and 
(b) How is such determination made? To assume that the subsonic experience 
will hold for supersonic speeds may be problematical. 

Extrapolation beyond the range of data introduces a greater degree of un¬ 
certainty in the results. However, by taking account of this increased measure 
of uncertainty, the extrapolation of data into the supersonic range can be made 
for speed if the other factors are held at some set of constant values. These 
factors would include weight and distance for example. 

It is not well known that the confidence band around a linear estimating 
equation (to which the CERs are at best an approximation, even when holding 
all variables except speed constant) is larger at the extreme ends of the data 
range than elsewhere. This means that the confidence that one can have for 
the higher levels of speed diminishes with increased speed levels. 

In projecting costs at supersonic speeds based on subsonic data, this is 
precisely what is involved. The width of the confidence band will, in fact, in¬ 
crease as the square of the difference between the higher velocities and the 
average velocity in the subsonic range. This measure of confidence in extrap¬ 
olated costs is referred to in the literature as the standard error of forecast. 
The CER with the smallest standard error of forecast would, under these con¬ 
ditions, be the one in which the most confidence could be placed. 
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To compute such a measure ofvariability requires not only the variance 
of the data around the estimating equation but also the inherent variability of 
the estimating equation itself. For this reason the squared deviations around 
the CAB subsonic cost data are transferred into variances and added to the 
variance of the estimating equation. In view of the fact that the estimating 
equations are not linear functions the results at best are approximations. 
Nevertheless it is not believed that such a procedure would introduce a bias 
favoring one CER over another. 

DOC Model Selection Results 

The analysis delineated in the preceding sections was conducted prior to 
September 1966, at which time a preliminary draft report containing proposed 
CERs was submitted to the FAA. Subsequent to the September report further 
analysis of DOC methodology was conducted and resulted in modifications to 
the proposed RAC CERs. The CERs at the end of this section reflect those 
modifications and are presented as final operating cost equations for the US SST. 

Analysis prior to September 1966 indicated that, for the major cost cate¬ 
gories (maintenance and fuel) of those CERs that passed the internal consistency 
tests, method 4 had the least variance with the available operational data and 
the least standard error of forecast for the supersonic range. Method 4 also 
was used to predict costs for insurance and depreciation in the absence of clear- 
cut evidence for rejecting this method. The analysis could not take into account 
any possible accounting procedure or legal requirements of agencies of the US 
Government. Direct operating costs were submitted to the FAA in September 
using method 4. 

The discussion in this section has shown the development process for the 
DOC cost model. Improvements and modifications to the methodology that were 
made subsequent to the September report are shown in the following paragraphs. 
The rationale for these changes finds primary application under the heading 
“Comparison of Cost Methods* in the section ‘Airline Operating Cost Results,” 
although it is not applicable to maintenance costs. Maintenance cost equations 
are developed in this section because of the analytical nature of the work. 

Flight Crew Expense. Method 4 depended on the traditional variables of 
aircraft gross weight and annual utilization for the estimate of crew costs. 
Values obtained, however, did not satisfy airlines as projecting this expense 
to the proper time frame. Federal Aviation Agency ground rules specified 
$200 per block hour while airlines predicted costs 10 to 20 percent greater. To 
account for increased productivity, i.e., the ability to produce available seat- 
miles, a decision was made to disregard crew cost from method 4 and use a 
value of $245 per hour for a three-man crew. This figure represents a 22.5 per¬ 
cent Increase over FAA ground rules. 

Fuel Expense. Method 4 estimates this cost by calculating quantity of 
fuel used per unit of time or distance and multiplying by a cost per unit quantity. 
This method is universally accepted and is not unique to method 4. Values of 
fuel cost per gallon used for this calculation are $0.11 and $0.12 for domestic 
and international operation, respectively. 

Insurance and Depreciation Expense. Calculations for insurance and de¬ 
preciation give the same results as with other methods. It is important, how¬ 
ever, to note that an insurance rate of 3 percent is used and depreciation in- 
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ratio. Method 4 ^oposeflS^ceT^ If*0 and a 3° en«ine sPares muu i proposes 15 percent and 45 percent, resoertivplv 

...oreSSSf, Jha* r/T COS' * emphasized 
direct c,st tom was ?Zd K It 6 ^ ^ °l the ^ The major pr“»rr?r í - ?r f~ -- 
tematl or Jlaton It ran d Specmca,“>" 10tl. ^ «eals wto the sys- 
the use of this method and current TKca'ta mahlnte,;a"ce PurPoses' Through 
equations was derived that provided yet atther 1“. ° , i“rCrlt‘’ 3 Mt ot 
in the maintenance cate-orv It h * °f estimatinK SST costs 
100 method has fc^nd strong suUorUroi both that the ATA Spec 
turers. In view of the widp arponf ^ alrllnes and aircraft manufac- 
the Soec 100 mofhnH r a- Planre of this method it was decided to use 

subjected to the tLts con^idTreTeanL1"^"^06 The equations ^re in App C. considered earlier and are shown along with curve forms 

factuiTd1 0hThe tW° proP°sed contractors for manu- 
SST mainte nance7:osts .^C omolexit v^6^' t0 FAA their ^teTof 
characteristics of the aircraft were anniî** aSCd °n physical and Performance oi me aircraft were applied to a common data base derived 

Labor 
Material 

Total 

Engine 
Labor 
Material 

Total 

! olal labor 

1 otal material 

Direct maintenance 
Durden 

1 olal maintenance 

94.33 
124.01 

141.05 
122.07 

218.34 263.12 

75.17 
210.33 

285.50 

169.50 

334.34 

503.84 
411.13 

29.75 
286.% 

316.71 

170.80 

409.03 

579.8.3 
290.38 

148.27 
139.82 

288.09 

79.30 
308.29 

387.59 

227.57 

U8.ll 

675.68 
452.71 

914.97 870.21 

118.27 
139.82 

288.09 

73.06 
298.66 

371.72 

221.33 

438.48 

659.81 
442.07 

122.70 
115.67 

238.37 

76.90 
280.61 

357.54 

199.60 

396.31 

595.91 
399.26 

122.70 
115.67 

2.38.37 

72.97 
280.27 

353.24 

195.67 

395.94 

391.61 
396.38 

“Doeing Aircraft Corporation. 
Lockheed Aircraft Corporation. 

^General Electric Company. 

Pratt and Rhitney Aircraft divi.ion of United Aircraft Corporation. 
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from the companies’ historical Spec 100 data bases, 
shown in Table 55. Their derivation and implications 
lowing section. 

The costs derived are 
are discussed in the fol- 

aOEINC AIRCRAFT CORPORATION AND LOCKHEED AIRCRAFT 
CORPORATION SST MAINTENANCE COST ESTIMATES 

rnBto^KthA^ACc.and U8ed as a ^818 for their e8timation of SST maintenance 
wUh the 4itrnPeC fC08t ^ f0r eXÍStÍng alrCraft that are mo8t imparable with the ^>ST from a performance standpoint. Each company compiled data for 
the Boeing 707 Boeing 720, and Douglas DC-8 series, derived a common data 
base, and developed complexity factors relating characteristics of the existing 
mo"«, ‘hose proposed for 'he SST, which they applied to each of the Spec 
100 categories. The results of this estimating process are shown in Table 56 
for selected categories and category groups. 

Significant variation existed between these two estimates. Part of this 
variation occurred because the two companies’ cost allocations to the per hour 
and per flight portions of total cost differed. RMC minimized the discrepancy 

for^h^UlS SST1* ^ flÍght portion to P61- hour values, assuming 1.5 hr/flight 

C°8t estimates based on the equivalent per hour values revealed that 
^CJle8.ti!nat,lf0r direct maintenance was still significantly below that pro- 

»Med b, WC ($579.83 - $503.84 = $75.99). The labor and material elemel 
were analyzed as shown in the following: 

Labor 

BAC $104.31 * ($97.78/1.5) = $104.31 + $65.19 = $169.50 
LAC $95.20 +($113.40/1.5) = $95.20 + $75.60 = $170.80 

Material 

BAC $237.55 +($145.19/1.5) = $237.55 + $96.79 = $334.34 
LAC $296.50 +($168.80/1.5) = $296.53 + $112.50 = $409.03 

As can be seen the labor estimates are very close, but there is wide dis- 
agreement between the two estimates for material. Investigation of various 
categories and category groups pinpointed this discrepancy in the categories 
of power plant, miscellaneous and engines. When the remaining material es¬ 
timates were summed and added to the labor estimates, comparison showed 
substantial agreement (a difference of only $0.64 per flight hour) for the two 
companies. 

Material (Less Power Plant, Miscellaneous and Engines) 

BAC $27.22 +($145.19/1.5) = $27.22 + $96.79 = $124.01 
LAC $63.00 + ($88.60/1.5) = $63.00 + $59.07 = $122.07 

Total (Less Material for Power Plant, Miscellaneous and Engines) 

BAC $169.50 + $124.01 = $293.51 
LAC $170.80 + $122.07 = $292.87 
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Variation in the material estimates was not surprising: first, because 
the differences in component definitions and airline maintenance policies be¬ 
tween the two airframe companies would result in the different data compila¬ 
tions for power plant, miscellaneous and engines, and, second, because both 
proposed contractors relied strongly on the engine manufacturers for estimates 
of SST engine-maintenance costs.» Caution must be exercised in the use of 
engine manufacturers’ estimates because the costs on which they are based 
tend to reflect optimum conditions rather than those likely to be experienced; 
they do not ute a historical data base. Also, engine manufacturers’ scope of 
engine mainterance neither accounts for as many aspects of maintenance as 
does ATA nor uses historical data. 

Historical cost data collected indicated that engine maintenance cost was 
46.0 percent of total direct maintenance and was composed of 30.7 percent 
labor cost and 69.3 percent material cost. The historical data base collected 
by BAC and LAC showed $150.00 and $152.70 per flight hour, respectively, 
for total direct maintenance for the B-707/DC-8 aircraft. 

Application of these percentages to a direct maintenance cost of $150.00 
per flight hour allowed average values for engine maintenance labor and ma¬ 
terial to be derived. 

Cost per 
Maintenance category night hr, $ 

Total direct maintenance (TDM) $150.00 
Engine maintenance (E = 0.46 x TDM) 69.00 

Engine labor (EL = 0.307 x E) 21.18 
Engine material (EM = 0.693 x E) 47.82 

Values for labor compare favorably with the contractors’ historical cost data 
shown in Table 57. The material cost, however, coincides with neither of the 
contractors’ historical bases. Proposed prices of the SST engines are approx¬ 
imately 4.5 times that of the existing 707 (JT-3D). Because of the higher per¬ 
formance (significantly greater thrust and associated higher temperatures), a 
complexity factor for replacement of iVj appeared conservative. The total 
complexity factor of 6.0 (1 Ví x 4.5) was therefore multiplied by the derived 
engine material value ($47.82), and the resulting value for engme maintenance 
material ($286.92) was compatible with the $286.97 value shown by LAC. 

Discrepancy also existed in the applied-maintenance-burden category. 
Burden was calculated as a percentage of total direct maintenance cost. LAC 
burden-to-direct-cost ratics were 41.3 percent/hr, 68.3 percent/flight-a 
weighted average of 50.1 percent for total pe- hour and per flight. BAC’s per¬ 
centage was 81.6. Average of BAC and LAC values results in 65 percent. Cur¬ 
rent B-707/DC-8 experience lies in the range of 60-70 percent of direct main¬ 
tenance. 

Engine maintenance cost data were furnished to the airframe contractors only 
15 days before US SST proposal submittal date. This precluded thorough analysis of 
maintenance cost data. 
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An estimate for total SST maintenance cost was made on the basis of the 
BAC and LAC estimates. The LAC estimate of direct maintenance cost ($580) 
was used because Boeing's engine material estimate was thought too low to be 
representative. The 67.0 percent burden ratio was applied to the LAC figure 
to derive an estimate of $969 per flight hour ($580 + $389) for total mainte¬ 
nance cost. 

Variation in the remaining categories was difficult to reconcile. Differ¬ 
ences in historical data base, component definition, general category alloca¬ 
tion, and engineering judgment used in the complexity factor derivation appeared 
to account for many of these discrepancies. These aspects will be discussed 
in the next section, “Independent Estimate of SST Maintenance Using ATA 
Spec 100 Complexity Factors.* 

INDEPENDENT ESTIMATE OF SST MAINTENANCE USING 
ATA SPECIFICATION 100 COMPLEXITY FACTORS 

An independent estimate of SST maintenance was developed by analyzing 
BAC and LAC historical data and deriving a common base. Complexity factors 
based on B-707 and SST physical and performance characteristics were then 
derived and applied to the data. These complexity factors served as “proxies" 
for the more detailed engineering factors. 

Historical Air Transport Association 
Specification 100 Data Base 

BAC and LAC each provided an ATA Spec 100 cost-data base (see Table 57). 
Although at first there appeared to be significant variation between the two com¬ 
panies’ costs in various categories, when the component groups were consoli¬ 
dated and all costs expressed on a per hour basis it could be seen that there 
was substantial agreement in all but two of the categories. 

The two categories revealing discrepancy were (a) 3200 Landing Gear and 
(b) 7100 Power Plant-General. An earlier BAC SST report was consulted, and 
it was found that the value there was substant.ally lower ($11 per hr) for Land¬ 
ing Gear, and that they had reported a value for Power Plant-General ($8.66 
per hr), whereas no value was assigned to it in their data base for this SST study. 

BAC conceded that costs shown for the Landing Gear category appeared 
high and explained that much of the cost originally reflected in the categories 
Airplane-General and Line maintenance in the earlier report had been trans¬ 
ferred in this report to the Landing Gear category. They also stated that the 
reason costs were not included in this data base for Power Plant-General was 
that investigation subsequent to the original report had showed that the costs 
assigned to Power Plant-General were largely those associated with mainte¬ 
nance of the inlet control system; since the cost of this item was negligible, 
they decided it was unnecessary to report them. LAC’s value for this category 
more correctly reflected general maintenance of miscellaneous power plant 
systems. 

The costs for these categories were made comparable for the two com¬ 
panies by taking the costs assigned by BAC in the earlier report to Airplane- 
General and reallocating them as shown in the accompanying tabulation. 
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Category 

Landing gear 
Power plant- 

general 

Total 

BAC 

Old report 
cost, dollars 

Percent 
of total 

New report 
cost, dollars 

Adjusted 
cost, dollars 

LAC cost, 
dollars 

11.00 55.9 24.45 13.67 13.86 

8.66 44.1 0.00 

19.66 100.0 24.45 

10.78 12.49 

24.45 26.35 

This adjustment resulted In relatively good cost comparability on a cost per 
hour basis for the two contractors. 

Per hour and per flight allocations also varied significantly between the 
two sources. For purposes of this study the allocations shown in Table 58 were 
assumed. 

TABLE 58 

Allocations Used in This Study 

Ptr-Onf Percent 
Category por hour por flight 

Structures 30 70 
FTight controls 30 70 
Hydraulics 30 70 
Landing gear 0 100 
Equipment and furnishings 30 70 
Starting 0 100 
Engines 10 90 
All others 100 0 

The adjusted data base, representing an average of the two contractors’ costs, 
is shown in Table 59. 

Complexity Factors 

Complexity factors were derived, based on comparison of the existing and 
proposed aircrafts’ physical and performance characteristics. The factor was 
based on a ratio of the SST to the B-707 for a given characteristic, and the 
ratio was applied to the appropriate costs from the adjusted cost>data base 
(Table 59). 

Equations were also derived for some ATA Spec 100 category groups. 
[Coefficients of the equations were obtained by dividing the costs of these cate¬ 
gory groups by the relevant B-707 characteristic(s).] The equations allow di¬ 
rect estimation of the SST or other aircraft costs for the categories for which 
equations were derived. 

The following discussion presents both methods and the appropriate char¬ 
acteristics and the functional forms for them selected for each major category 
grouping. 
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table 59 

Average of Adjo.t.d BAC and LAC Spocificotion 100 Co..-Do,a Bo...» for B-707 Experi.nc. 
(In dollars) 

5000 Structures 

2700 Flight Controls 
2800 Fuel System 

2900 Hydraulics 

3200 Landing Gear 

Total airframe systems 

2600 F.quipment and Furnishings 
3300 Lights 

3500 Oxygen 

3800 Kater and Kaste 

Total passenger systems 

2400 Flectrical Systems 
3100 Instruments 

2100 Air Conditioning 

2600 hire Protection 

3000 Ice and Rain Protection 

To‘«l electrical syalems 

2200 Auto Pilot 

2400 Communications 

3400 Navigat ion 

lolal avionics systems 

7100 Power Plsnt-General 
7500 Fngine Air 

.600 h.ngine Controls 

. .00 Fngine Indicating 
7800 Kxhuust 

7900 Fngine Oil 
8000 Starting^ 

lotal power plant-miscellaneous 

7200 Fngine1 

Grand total 

3.50 10.92 2.90 8.53 6.40 19.45 

2.62 — 

0.14 - 
2.78 _ 

0.24 _ 

0 42 - 

6.20 - 

0.89 — 

0.72 - 
2.80 - 

5.41 - 

6.67 _ 

0.47 _ 

0.02 - 

0.42 — 
1.17 _ 

0.26 — 

3.20 — 

0.12 — 

3.58 — 
0.28 — 

0.46 — 

7.64 — 

0.42 — 
0.50 _ 

1.30 _ 

2.22 — 

4.94 — 

0.96 — 

0.33 — 

0.18 _ 

1.27 - 
0.19 — 

9.01 

14.17 

43.61 

0.57 

0.57 

3.32 

44.44 

5.82 — 

0.26 — 

6.36 — 

0.52 — 
0.88 _ 

13.84 — 

1.31 — 

2.22 — 

4.10 _ 

7.63 — 

11.61 — 

1.43 — 
0.35 — 

0.60 _ 

2.44 — 
0.45 — 

8.37 

38.81 

63.87 

0.84 

0.84 

9.05 

51.35 

“2.10 hr/flight. 

Average includes Boeing 7400 Ignition Category 

Average includes Boeing 7300 Engine Fuel Category. 

17.38 

52.98 

107.48 

1.41 

1.41 

12.37 

95.79 

15.66 

5.82 
0.26 

6.36 

0.52 
0.88 

13.84 

1.31 

2.22 
4.10 

7.63 

11.61 

1.43 
0.35 

0.60 

2.44 
0.45 

0.67 

17.55 

58.87 

151.90 
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Excluding passenger systems. Basic operating weight (f,) and a speed 
variable were used to represent the complexity of the ATA Spec 100 groups 
that comprise the Airframe Systems category. Regression and other analyses 
indicated that subsonic speeds had little effect on cost but that supersonic speeds 
greatly affected its magnitude. The form of the variable selected to represent 
this complexity increase is similar to the form indicated by analysis of the mili¬ 
tary sample. (Coefficients of the equations were obtained by dividing the costs 
of these category groups by the relevant B-707 characteristics.) 

S„ - 670 
S. . -2- 

A 670 

where Sa is cruise speed in miles per hour, and the stipulation is that S. 2 1.00. 
Substitution of the SST cruise speed (1780) into this equation gave a value 

of 1.657. The results of multiplying this value by the weight complexity factors 

TABLE 60 

Test Variable Values 

GE 
P&R 

Wright prr engine (H ), lb 
GE q 
P&W 

63,200 
61,000 

11,125 
9,910 

63,200 
61.000 

10,459 
9,860 

18,000 

4,170 

3.511 
3.389 

2.668 
2,376 

3.511 
3.389 

1.884 1.884 
1.841 1.841 

2.508 1.633 1.582 
2.365 1.540 1.538 

“Same an for miles prr hour. 

(Table 60) and the costs from the data base (Table 59) are shown in the accom¬ 
panying tabulation. 

Airframe3 
Labor Material 

Factor 
<>w 

Per hour, 
dollars 

Per flight, 
dollars 

Factor 
<wesA) 

Per hour, 
dollars 

Per flight, 
dollars 

B-707 1.000 16.93 
BAC 3.432 58.10 
LAC 2.840 48.08 

29.65 
101.76 

84.21 

1.000 
3.432 
2.840 

13.60 
46.68 
38.62 

32.93 
113.02 
93.52 

£ 
Excluding passenger systems. 
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Equations derived for this airframe element grouping are as follows: 

Labor 

Per hour, dollars 

Per flight, dollars = 2.118 

Material 

Per hour, dollars = .9714 

Per flight, dollars = 2.352 

M (¾ 
M (¾ 

With passenger systems (Accounts 2500, 3300, 3500, 3800). Basic operating 
weight empty (W,) was selected to represent the complexity in Passenger Systems. 
Multiplying the appropriate complexity factors (Table 60) by the costs from the 
adjusted cost-data base (Table 59) gives for the SST the estimates shown in the 
accompanying tabulation. 

£1 
Airframe Factor 

Labor Material 

Per hour, 
dollars 

Per flight, 
dollars 

Per hour, 
dollars 

Per flight, 
dollars 

B-707 1.000 3.50 10.92 2.90 5.83 
BAC 2.071 7.25 22.62 6.01 17.67 
LAC 1.714 6.00 18.72 4.97 14.62 

^ith passenger systems. 

Equations derived for the Passenger Systems category are as follows: 

Labor 

Per hour, dollars = 2.50011^/105 

Per flight, dollars = 7.800 10s 

Material 

Per hour, dollars - 2.0711,/105 

Per flight, dollars = 6.093 W,/105 

The equations for total airframe, then, were as follows: 

Labor 

Per hour, dollars 

Per flight, dollars 

/ \ /Sa - 670\ 
1.2093^t /10y ^ ¿70 j + 2.500 », 

2.118 (,/l0.)(\7n *7.800 1, 

/105 

/105 
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Material 
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(*,/io*)(- Per hour, dollars = 0.97141 

Per flight, dollars = 2.352 

fSa - 670 

670 ) + 2.071 W,/10S 

(•./»«•KnsD *6i93,«/10' 

Engines and Power Plant, Miscellaneous. Complexity of these systems 
was measured by engine weight (W4) and maximum thrust (I). The functional 
forms selected are shown in Table 61 with the values derived from Table 60. 
To obtain the cost estimates for the SST the factors for the appropriate char¬ 
acteristics must then be multiplied by the costs from the adjusted cost base 
(Table 59). 

TABLE 61 

Labor and Malarial Costs 

Engines and powar 
plant, miscallanaous 

Factor 

Engines 

Per hour, 
dollars 

Par Flight, 
dollars 

Powar plant, miscallanaous 

Par hour, 
dollars 

Par Flight, 
dollars 

Labor“ 
GE 

BAG 
LAC 

P4I 
BAG 
LAC 

Material1* 
GE 

BAG 
LAC 

P&I 
BAG 
LAC 

1.000 

3.077 
2.980 

2.835 
2.831 
1.000 

5.733 
5.554 

5.219 
5.212 

14.17 

43.60 
42.23 

40.17 
40.12 
38.81 

222.50 
215.55 

202.55 
202.28 

3.32 

10.22 
9.89 

9.41 
9.40 
9.05 

51.88 
50.26 

47.23 
47.17 

9.01 

27.72 
26.85 

25.54 
25.51 
8.37 

47.99 
46.49 

43.68 
43.62 

0.57 

1.75 
1.70 

1.62 
1.61 
0.84 

4.82 
4.67 

4.38 
4.38 

“(W^ * T*) 707 (JT-3D). 

b(W^ X T) 707 (JT-3D). 4 

Equations for the total of the categories Engine and Power Plant,Miscellaneous 
are as follows (Ne being the number of engines): 

Labor 

wj (tVio5) n, 

wj (tVio*) Nf 

wj (t/106) Nf 

tj (t/108) Ne 

RAC-R-20 99 
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Per hour, dollars = 0.6684 

Per flight, dollars = 0.1122 

Material 

Per hour, dollars = 10.144 

Per flight, dollars s 2.126 
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Final DOC Equations 

Results of the selection process for a direct operating cost model are 
shown as cost equations. These equations represent direct expense items as 
follows: (a) flight crew expense, (b) fuel and oil expense, (c) maintenance ex¬ 
pense, (d) depreciation expense, and (e) insurance expense. The sum of these 
expenses represents total direct operating cost. 

Flight Crew Expense. 

$245 per block hrs 

Thus: 2457^ * trip cost 

Fuel and Oil Expense. 

0.13 - oil consumption, lbs per hr per engine 

Turbine fuel, Cj, » $0.11 per US gal (domestic) 

* $0.12 per US gal (international) 

Turbine oil, C#( « $7.50 per US gal 

Maintenance Expense. 
Airframe labor. 

Dollars ^tour « 1.2093 

Airframe material. 

Engine labor. 
_lz 

Dollars/hour = 0.6684 (W^)— (N ) 

^ 103 e 

Engine material. 

Dollars/hour = 10.144(^^)- (N ) 
'' 106 * 

Dollars/hour 

Dollara/flight ^ 2.126 (W’^)-î-(N ) 
q 103 * 

100 
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Maintenance burden. 

Dollara/hour = 0.671 (airframe labor and airframe material + engine 
labor 4 engine material) 

Depreciation Expense. 

Dollara/year 

Da = 15 years for supersonic jet 

•Spa = 10 percent 

Kspe = 30 percent 

Insurance Expense. 

I. (C. + D./Sf) 
Dollars/block hour ■= ' 

la « 3 percent for supersonic jet 

Indirect Operating Costs 

The following is a detailed description of the 10 equations developed for 
estimating airline indirect operating costs. The predictive equations recom¬ 
mended here are basically modified versions of those prescribed in the FAA 
Economic Ground Rules. The changes suggested are summarized in the fol¬ 
lowing. 

Comparison of Methods 

All equations except 1 and 4 predict costs on a dollar-per-departure basis. 
Equations 1 and 4 are on a dollar-per-block-hour basis. (See “Summary of the 
RAC Method of Estimating Indirect Operating Costs.") 

Equation 1; Ground Property and Equipment. The RAC equation predicts 
total cost of Maintenance Equipment and General Ground Property and Equip¬ 
ment. This equation differs from the FAA equation in that the FAA equation 
differentiated between local and system expenses of Ground Property and in¬ 
cluded the local expenses in Eq 2. The questionable accuracy of the reported 
data on local and system expenses together with the time involved to extract 
the statistics does not contribute to increased estimating accuracy enough to 
justify the effort. 

Equation 2: Aircraft Servicing. The RAC equation differs from the FAA 
equation in that it predicts only costs associated with Aircraft Servicing (minus 
Aircraft Control) together with Servicing Administration allocation. The FAA 
equation includes Ground Property Local Expenses. 

Equation 3: Aircraft Control. The RAC equation uses dollars per de¬ 
parture instead of dollars per block hour bycause the majority of activities in 
this function are more closely identified with departure activities than with 
flight control. 

Equation 4: Cabin Attendants. The change suggested in this equation is 
to simplify the formula by not differentiating between class of service. Present 
airline policy is to use flight attendants on a “floating* basis between first class 

RAC-R-20 
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A Summary of ttia RAC Mathod of Estimating Indirect Operating Casts 

.597 

.00064 

)6.13 

7.65 

.00191 

1. GROUND PROPERTY AND EQUIPMENT 

Dirac* Maintenance (5300)—Maintenance Burden (5300)— 

Depreciation (7000) 

S/block hour - K ( direct maintenance lobor\ 
\ trip time—block heurt / 

3. AIRCRAFT SERVICING 

Aircraft Servicing (6100)—Servicing Administration (6300) 

S/depieture - K (maximum takeoff grots weight) 

3. AIRCRAFT CONTROL 

Aircraft Control (6100)—Servicing Administration (6300) 

(/departure - K 

4. CABIN ATTENDANTS 

Passenger Service (5500) 

S/block hour - K tta") 

S/block hour - K »»«■««) 

5. PASSENGER FOOD 

Passenger Service (Food Expense 5500) 

S/departure ■ K ^(coach seats x L.F.) + (3.06 x first clast teats x 

L.F.) (flight distance) x h] 

“here H - 1 when flight block time < 5.50 hr 

H • 3 when flight block time - 5.50 to 9.0 hr 

H • 3 when flight block time > 9.0 hr 

6. PASSENGER HANDLING 

Traffic Servicing (6300)—Service Administration (6300)— 

Reservation and Sales (6500) 

(/departure » K [(coach seats x L.F.) + (first class teats x L.F.)] x 

(passenger enplaned on-board ratio) 

7. BAGGAGE AND CARGO HANDLING 

Traffic Servicing (6300)—fervice Administration (6300) 

(/departure - ^ num^*f passengers x 30 lb x eotsenger enploned on-beard ratie^ 

(tons of mail, express and freight x cargo-enplaned ratio)J 

8. PASSENGERSERVICE 

Passenger Service (5500)—Reservations and Sales (6500)— 

Advertising aid Publicity (6600) 

(/departure - K (total number seats x L.F.) (flight distance) 

9. FREIGHT EXPENSES 

Freight Commissions (6500)—Freight Advertising (6600) 

(/departure - K (ions freight an bead) (flight distance) 

10. GENERAL AND ADMINISTRATIVE 

(' departure - K [(TOC) - (all expenses reported in Functional 

Account 7000, Depreciation aid Amortisation + Expenses 

Reported in Functional Account 6800, General and 

Administrative)] 

K ■ 1967 value 

Domestic 

4.09 

Intern atianal 

.683 

.00194 

65.00 

13.64 

.00131 

13.55 

58.71 

.00468 

.0095 

.0475 

71.35 

.00781 

.013 

.064 
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and coach cabins as required by the work load. This results in stewardess 
assignments more closely related to total seats aboard the aircraft than to 
number of seats by class of service. 

Equation 5: Passenger Food. The RAC equation differs from the FAA 
equation in that the coefficient is developed based on RPM. The FAA equation 
coefficient, based on block hours, resulted in the prediction that food costs per 
passenger on the supersonic aircraft would be approximately one half those of 
a passenger on a subsonic aircraft on a trip of comparable length. The RAC 
formula based on RPMs removes that block time distortion. 

Equations 6 to 10: Traffic Servicing, Servicing Administration, Reserva¬ 
tion and Sales, and Advertising and General Administration. The RAC equa¬ 
tions differ from FAA equations only in that they predict costs on a dollars- 
per-departure basis. Dollars per departure reflects more realism because 
the costs are closely associated with and generated by ground activities ready¬ 
ing an aircraft for flight instead of being a function of flight time. 

Indirect Operating Cost Equations for Domestic Operations 

Equation 1. 
52ÔÔ Direct Maintenance—Ground Property and Equipment 
5300 Maintenance Burden—Ground Property and Equipment 
7075.8 Depreciation—Maintenance Equipment and Hangars 
7075.9 Depreciation—General Ground Property 

.. i . aircraft direct maintenance labor 
Uollara per block hour * .597 -n—TT- 

' hmrk honra 

Equation 2. 
6100 Aircraft Servicing (except Aircraft Control) 
6300 Servicing Administration (allocation to Aircraft Servicing 

Labor except Aircraft Control) 
Dollars pe i departure = .00064 (maximum takeoff gross weight) 

Equation 3. 
6100 Aircraft Servicing (Aircraft Control) 
6300 Servicing Administration (allocation to Aircraft Control) 

Dollars per departure e 16.13 

Equation 4. 
5500 Passenger Service (Flight Attendants plus Related Expense) 

Dollars per block hour = 7.65 ——gr^ S — 

Equation 5. 
5500 Passenger Food Expense 

Dollars per departure c .00191 [ (coach seats x loading facto-) 4 (2.06 

X first-class seats x loading r.Uor) 

X flight distance in seat-miles x H ] 

RAC-R-r0 103 



where H = 1 when 
H =* 2 when 
H a 3 when 

Equation 6. 
6200 
6300 
6500 

Dollar« per 

Equation 7. 
6200 
6300 

Dollar* per departure 

Equation 8. 
5500 
6500 
6600 

flight block time is 5.50 hr 
flight block time is between 5.50 and 9.0 hr 
flight block time is 9.0 hr 

Traffic Servicing (Passenger Handling) 
Servicing Administration (allocation to Passenger Handling) 
Reservations and Sales (except Commissions) 

departure » 4.09 [ (coach seat« x loading factor) t (firat-c las« »eats 

X loading factor)] 

(paasengera-enplaned to on-board ratio*) 

Traffic Servicing (Baggage and Cargo Handling) 
Servicing Administration (allocation to Baggage and Cargo 

Handling) 

aeoTil number of paasensers X 30 lb ,, ,,.. 
» »3B. * i I « x P«»»rngera-enplaned to on-board ratio) 

+ (ton* of mail, express, and freight x cargo-enplaned ratio*)! 

Passenger Service (except Flight Attendants and Food Expense) 
Reservations and Sales (Passenger Commissions) 
Advertising and Publicity (allocation to Passenger Trans¬ 

portation) 

Dollars per departure « .00468 (total number seats x loading factor) 

(flight distance in statute miles) 

Equation 9. 
6500 Reservations and Sales (Freight Commissions) 
6600 Advertising and Publicity (allocation to Freight Transportation) 

Dollars per departure « .0093 (tons of freight on board) (flight 

distance in statute miles) 

Equation 10. 
6800 General and Administrative 

Dollars per departure - .0475 I (total operating cost) - (All expenses reported in 

iunctional Account 7000. Depreciation and Amortization 

V Expenses Reported in Account 6800, General and 

Administrative) ] 

Indirect Operating Cost Equations for International Operationt. 

Equation 1. 
5200 Direct Maintenance—Ground Property and Equipment 
5300 Maintenance Burden—Ground Property and Equipment 

•This value is unity on originating flights. 
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wil'l ^eprec^tion”Mainter'ance Equipment and Hangars 
7075.9 Depreciation—General Ground Property 

Dollars per block hour - .683 dirtcl niainlenance labor) 
block hours 

Equation 2. 
6100 
6300 

Aircraft Servicing (except Aircraft Control) 
Servicin'? Administration (allocation to Aircraft 

Labor except Aircraft Control) 
Servicing 

Dollar, per departure - .00194 (ma> imun, takeoff pos. weight) 

Equation 3. 

«ÍÍÜ Aircraft Servicing (Aircraft Control) 
6300 Servicing Administration (allocation to Aircraft Control) 

Dollars per departure . 65.00 

Equation 4. 

5500 Passenger Service (Flight Attendants plus Related Expense) 

Equation 5. 
5500 

Dollars per block hour . 12.64 (number of seatnX 

23 / 

Passenger Food Expense 
Dollarn per departure 

.00131 ( (coach seats > loading factor) + (3.44 x firM-class seats 

X loading factor)] X flight distance in statute mile. . H 

where H = 1 when flight block time < 5.50 hr 
H = 2 when flight block time is between 5.50 and 9.0 hr 
H = 3 when flight block time > 9.0 hr 

Equation 6. 

JraiflC Servicin8 (Passenger Handling) 
6300 Servicing Administration (allocation to Passenger Handling) 
6500 Reservations and Sales (except Commissions) 

Doll«, per departure . 12.55 I (coach seats x loading factor) x (firs,-class seats 

X loading factor)) (pas.engera-enplaned to on-board ratio*) 

Equation 7. 

tlari Lrai!“; 'Bxggage and Cargo Handling) 
6300 ^^gAdmlnlatratton (allocation to Baggage and Cargo 

Dollars per departure » 71 I "umber of passengers x 40 lb 
' L 2ÕÕ0 ^ Pa»«n«era-enplaned to on-board ratio*) 

* (tons of .„«il, exçress. and freight enplaned x cargo on-board 

to enplaned ratio*) I 

fllgh»'ft‘SeWr'e"PU,,ed r*",, ^ “^-enplaned ratio are unity on all originating 
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Equation 8. 

5500 
6500 
6600 

Doll«, per departure - .00781 (total number neat- x loading factor) 

(flight diatance in atatute miles) 

Equation 9. 

6500 Reservations and Sales (Freight Commissions) 
6600 Advertising and Publicity (allocation to Freight Transportation) 

Doll*, per de part *e » .012 (ton. of freight on board) (flight diatance in statute mile.) 

Passenger Service (except Flight Attendants and Food Expense) 
Reservations and Sales (Passenger Commissions) 
Advertising and Publicity (allocation to Passenger Trans¬ 

portation) 

Equation 10. 

6800 General and Administrative 

Doll*, per depwture . .064 [ (total operating coat) - (all expenses reported in 

Functional Account 7000, Depreciation and Amortization 

+ Expenses Reported in Functional Account 6800, 

General and Administrative)] 

Equation Development 

The equations presented here predict indirect operating costs associatPd 
with activities reported In the foUowlng Functional Accounts aSSOClated 

5200 Maintenance-Ground Equipment 
Applieu Maintenance Burden, Ground Property, and Equipment 
Passenger Service M F 
Aircraft Servicing 
Traffic Servicing 
Servicing Administration 
Reservations and Sales 
Advertising and Publicity 
General and Administrative 
Depreciation—Ground Property and Equipment 

5300 
5500 
6100 
6200 
6300 
6500 
6600 
6800 
7000 

Because of the manner in which the data are reported and the subsequent 

tTdistribiTp^Vr the aerlVati0n 0f the several iormulas, it was necesSry 
t K? ?*vÍb^t certain costs reported in one function to several functions against 
which they appiy. This preliminary allocation of costs is described later This 
allocation is itemized in the discussion of the individual formulas. 

Functional Accounts 6100, Aircraft Servicing, and 6200, Traffic Servicing 

srrr adjTPd within the functions ^ Æve g’ 

Kb aCC,r be,ween 21 35. - a dollar basis 
ion ™ p™ 41 f I iti0n of ^ooflooal and Objective Accounts). Func- 

t ™ WaS adjU8ted in the 831116 manner with the excep- 
C™w cías PerSOnnel Expense8' which was assigned directly to Cabin 
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a ^ccountf300* Servicing Administration, includes expenses of 
a genera! nature incurred in performing supervisory or administrative activi- 

and 6200°Traffî T (excluding Und^ Fees) and 6200 Traffic Servicing. The total expense of this function is prorated on a 
ollar basis to the following activity subgroups 'if Aircraft Servicing and Traffic 

Servicing functions: (a) Aircraft Control, (b, Aircraft Handling (c) A!r1rIft 
.ervicmg-Other (d) Passenger Handling, and (e) Baggage and Cargo Handling. 
.. .. the above Preliminary allocations were performed the adjusted in* 
,t . h UOnf Were analyzed- exPense coeWicienUwerederived by" 
“ the cä“ èr" The^metL81"'1 Htl,Cal,Parame,erS '0 ^ relâ,ed 
^lectine the „.LL ^ ,0 de,ermlne «sts and the reasons tor 
e”X eòulC Paran,CterS ^ beM 0UtlinCd ln de,aU ,or 

The value of the coefficients established was based on total indu trv 
figures reported against a particular function. V 
rn*mhe ftati“stics reported by the airlines listed were used in computing the 

shown taApp D TaT Ml."“ Pr0CCS8lng ,heSC ^ 
Domestic Operations. 

American 
Braniff 
Continental 
Delta 
Eastern 
National 
Northwest 
Trans World 
United 

International Operations* 
Northwest 
Pan American 
Trans World 

Equation 1 

Fn„inThi8*eqwa!i0,i estimates a11 costs associated with Ground Property and 
Equipment. It includes the items shown in the accompanying tabuSTiom 

Functional account Description 

5200 
5300 
7075.8 
7075.9 

Direct Maintenance-Ground Property and Equipment 
npnrÏÏoH06 Bwrd1en~0round Property and Equipment 
Depreciation-Maintenance Equipment and Hangar^ 
Depreciation—General Ground Property 

™?d‘.hL,f!rlng "aD,ed alr!ln“ also =Wd in inierna- 
Amerlcan, BrnnifÄ^S älS'Ä.ar' e“e"tla", d""',ttC ,n 
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The parameter used to measure the activities is direct maintenance labor 
dollars-fligiit equipment since it is a logical means of reflecting overall air¬ 
line activity. The equation coefficient was derived as shown: 

The numerator consists of the summation of the dollars reported against 
the accounts shown in the accompanying tabulation. 

Functional account Unit 

5225.9 $ 
5243.9 $ 
5246.9 $ 
5379.8 $ 
7075.8 $ 
7075.9 $ 

Numerator 
(total) £n<$) 

The denominator consists of the summation of the dollars reported 
against the accounts shown in the accompanying tabulation. 

Functional account Unit 

5225.1 
5225.2 
5225.3 

Denominator 
(total) 

$ 

$ 

$ 

£D($) 

Coefficient ''EDd) 

The coefficients established for these equations are (a) Domestic Opera¬ 
tions, .597; and (b) International Operations, .683. 

Figure 24 shows the coefficient value history for a 7-year period. An 
analysis was made of the effect rising labor costs would have on this coefficient. 
Approximately 56 percent of the numerator consists of labor costs. Since the 
denominator k< 100 percent labor costs, the net effect would be a reduction in 
value of the ctefficient. However,approximately 44 percent of the numerator 
consists of depreciation of Ground Property and Equipment, making this co¬ 
efficient very sensitive to the depreciation accounts. Acquisition of new types 
of flight equipment always makes additional support equipment necessary. How¬ 
ever, considering the vagaries present in forecasting Ground Property costs, 
the present level of the coefficient was selected, notwithstanding the indicated 
lower value due to the wage increase, to make the equation reflect-it was 
hoped—a degree of conservatism. 

The equations established to estimate the expenses in the functions de¬ 
scribed in the foregoing are 
Equation 1: Domestic Operations 

Dollar* per block hour = .597 l^craft ^ect maintenance labor) 
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Equation 1: International Operations 

Dollars prr block hour (aircraft direct maintenance labor) 
block hours 

o. Intarnotionol Operations, Thraa-Airlint Avara;« 

1959 1960 1961 1962 1963 1964 1965 

YEAR 

b. Domestic Operations, Nine-Airlina Average 

Fig. 24—History of Equation 1 Coefficient 

Equation 2 

This equation estimates the costs of Functional Account 6100, Aircraft 
Servicing (less Account 6126.2 Aircraft Control personnel), plus an allocated 
portion of 6300 Servicing Administration. 

The aircraft servicing function covers all expenses incurred on the ground 
incident to visual inspection, routine checking, fueling and servicing, cabin 
cleaning, and the necessary training and instruction for these activities as well 
as outside services purchased. The parameter chosen to measure the activi¬ 
ties (maximum certificated takeoff gross weight x departures) was selected 
because it reflects relative manpower requirements for handling various sizes 
of aircraft at airport locations and serves as a basis for establishing landing fees. 

RAC-R-20 
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The decision was made to include landing fees in this equation after an 
investigation was made into the possibility of handling landing fees as a sepa¬ 
rate item. Unding fees vary widely between the different airports, and there 
is no standard method for computing them. The individual airports develop 
their own method based on local airport requirements and negotiations with 
individual airlines levied on the number of landings per month (usually a slid¬ 
ing scale), fuel purchased, overnight parking fees, number of passengers 
oarded, etc., and they can be combinations of ail these factors. Although it 

may be possible to develop a landing-fee equation, the time required seemed 
not to be warranted by the possibly insignificant increase in estimating accuracy 

The equation coefficient was derived as follows: 
The numerator consists of the summation of the dollars reported against 

the accounts (as shown in the accompanying tabulation) by the nine domestic 
airlines or the three international airlines. 

Functional account* Unit 

6121A83a 
6126.1A 
6128.1A, 
eiaoAgj* 
6131A"a 
6135Ajj* 
6137 
6138 
6143.9 
6144.1 
6144.2 
6149 
6150 
6153 
6171 
6177.9 

6Ja 

$ 
$ 
$ 
$ 

$ 

$ 

$ 
$ 

$ 
$ 

$ 
$ 

$ 
$ 

$ 

$ 

Numerator 
(total) EN($) 

i . j A d®notes a Pro rata share of Accounts 6136, 6157, and 6168 and has been 
included. The subscript 63 denotes a pro rata share of Account 6300, Servicing Admin- 
istrauon,and has been included. 8 ftamin 

The value of the denominator—departures x maximum takeoff gross weight— 
was computed by determining total number of departures performed by type of 
aircraft per year for each airline and then multiplying that figure by the maxi¬ 
mum takeoff gross weight for each type of aircraft (see Table D1 for computation). 

Coefficient = IN(l)/aircraft departures x maximum takeoff gross weight 

The coefficients established for these equations are (a) Domestic Opera¬ 
tions, .00064; and (b) International Operations, .00197. 

Figure 25 shows the coefficient value history for a 2-year period. Statistics 
for 1965 were not available in time to be included in this report. Although the 
2-year period examined shows a slight downward trend, this will probably be 
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offset by the trend towards higher wages, thus indicating the use of the coef¬ 
ficient value computed for the latest year. 

The equations established for estimating the expenses described above are 
Equation 2: Domestic Operations 

Dollars per departure = .00064 (maximum takeoff gf0*8 weight) 

Equation 2: International Operations 

Dollars per departure = .00197 (maximum takeoff gross weight) 

UJ 0.003 

X 
> COCK 

o 002 UJttT V vv* 

ü<2 

S° o.ooi 
u 1959 1960 1961 1962 1963 1964 1965 

YEAR 

o. International Operations, Throo-Airlino Average 

YEAR 

b. Domestic Operations, Nine-Airline Average 

Fig. 25—History of Equation 2 Coofficiant 

Equation 3 

This equation estimates the labor costs of Functional Account 6126.2, Air¬ 
craft Control, plus the associated administrative costs reported in Account 6300, 
Service Administration. 

Aircraft control activity encompasses flight planning, meteorology, crew 
scheduling, and related activities. The parameter selected to measure these 
activities is aircraft departures, since it is related primarily to activities 
per departure without regard to size of aircraft. 

The equation coefficient was determined as follows: 
The numerator consists of the summation of the dollars reported against 

the following accounts. 
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Functional account Unit 

6126.2A $ 
6300 (Allocated Portion) $ 

Numerator (total) rN($) 

The denominator consists of a summation of the numbers of aircraft de¬ 
partures. 

The value of the denominator was determined by extracting data from CAB 
Form 41, Schedule T-4, on the total number of departures by airline. 

Coefficient = £N($)/total number of aircraft departures 

The coefficients established for these equations are (a) Domestic Opera¬ 
tions, $16.13; and (b) International Operations, $65.00. 

Fig. 26—History of Equotion 3 Coefficient 
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Figure 26 shows the coefficient value history for a 7-year period for 
domestic operations and for a 3-year period for international operations. The 
wage-productivity charts (Fig. D2) show a continuing decrease in productivity 
in relation to wage rates. Based on this trend the coefficients shown in the 
foregoing were selected. 

The equations established to estimate expenses of aircraft control activi¬ 
ties are 
Equation 3: Domestic Operations 

Dollars per departure = 16.13 

Equation 3: International Operations 

Dollars per departure * 65.00 

Equation 4 

This equation deals with one aspect of Functional Account 5500. Passenger 
Service. 

The Passenger Service function encompasses all activities related to pas¬ 
senger comfort, safety, and convenience while in flight and when flights are 
interrupted. In this analysis the expense experienced by airlines in perform¬ 
ing this function was segregated into three objective account groups: (a) Cabin 
Crew Activity, (b) Passenger Food Expense (Eq 5), and (c) Passenger Service 
Support Items (Eq 8). 

This equation estimates costs associated with cabin crew activity and in¬ 
cludes accounts shown in the accompanying tabulation. 

Functional account Description 

5524 Cabin crew salaries 
5528.1 Training 
5536 Personnel expenses 

The parameter selected to measure these activities is cabin crew block 
hours. 

The coefficient was derived as follows: 
The numerator consists of the summation of the dollars reported against 

the following accounts by the nine domestic airlines (three international) con¬ 
sidered in this study. 

Functional account Unit 

5524Aa $ 
5528.lAa $ 
5536 $ 

Numerator (total) E N($) 

The suffix A denotes that a pro rata share of associated payroll expenses reported 
in Accounts 5557 and 5558 has been included. 
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tor 2^T;^zr:^r—ot ^ Me^ ^ 
W.r. computed ,St iro!to7™n™rr,i0nal)- Cabin bl-k ^ 

See Tables D2 to D7 for compilation of these statistics. 

Denominator = l cabin attendant block hours 

Coefficient « IN($)/2 cabin attendant block hours 

^So“s are (a) Domes,‘'0— 

eoemctTi?ttZB^M'2Vi3T,{f°.r a 3'year The domestic 
An examination of “e^ 'pÎSÂ^¿7^"' 
a steady increase of waees and a «¡Haht f D2, Laborcateg0i'y 5524) shows 
sions with several airlines reveaÄ * productivity- Discus- 
on increased productivity of cabin attend t tlr!nal ®mphasis is being placed 
included in this category will probab v ^hir 1S,believed ihat the other costs 
shown will decrease For hl« y ablHZe and th3t t],e downward trend 

This C«o„ differs ?/ C?ffÍCÍent Sh0Wn was cbo«en. 
tinction is not made between the numb^f ? 66 method in that a dis- 
class and coach cabins. Discussions wit^Q3 tend.ants assiKned to the first- 

tendants work both cabins depending on wor^Tolds F^tM?'10860 at' 
to Simplify the equation a sinriP mfmhxa k u d F this reason. and also 

average number of attendants assigned tl ^aircíaff^hií^ t0hdeterrnine 
by compiling statistics on the sean™ c« if al^raft- This number was derived 

craft In domestic and ínter», “ÂrvTÆ .7" 0' “any ,ypes ^ alr- 
attendants aasfgned ,o these^ircrift^se^eTabde^DS) ^ ^ °f 

a poasÄrÄnrÄ,1;,; a CÉX “ 
tremely complicated structure on whirh R If 2Í f“nction- H°wever, the ex- 
led to an early abandonment of this appnSach" nda"ts’ salarles are »»sed 

scribed atmve are5 eS,abllshed 10 e8,ta«“ «■» «penses In the functfons de- 

Equation 4: Domestic Operations 

Dollars per block hour = 7 (fit pmnbcr of seals \ 
' V 29 J 

Equation 4: International Operations 

Dollars per block hour = 12 64 I numl>gr °f seals! 

' V 23 / 
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YEAR 

o. International Oporationt, Thraa-Airlina Avaraga 

Ä-1 O o 
<*> Q 

1959 1960 1961 1962 1963 1964 1965 
YEAR 

b. Domattic Oparatiom, Nina-Airlina Avaroga 

Fig. 27—History of Equation 4 Coefficient 

Equation 5 

This equation estimates the cost of food and refreshments served to pas¬ 
sengers without charge while in flight. The parameter chosen to measure this 
activity is RPMs weighted by class of service. This parameter was selected 
only after a detailed investigation of three possible parameters. The other two 
were number of passengers enplaned and passenger block hours. The study 
indicated that CERs developed using RPMs resulted in predicting total industry 
costs more accurately. 

The numerator consists of the summation of costs reported against Ac¬ 
count 5551. 

The denominator consists of two factors: (a) total RPMs reported by class 
of service and (b) a weighting factor to translate first-class food cost into terms 
of coach food cost to establish a common denominator. The weighting factor 
was based on food-cost statistics reported by six airlines that responded to an 
industry survey. Meal costs vary widely between different airlines. Also, sev¬ 
eral airlines reported different costs for meals within a class of service, i.e., 
regular first class and de luxe first class. In arriving at an industry weighting 
factor it was necessary to work with the meal-cost totals shown in Table 62. 

The weighting factor was then used in arriving at the coefficient. 

Coefficient, Domestic = 5551 expenses/[(2.06 x first-class RPMs) + (coach RPMs)] 

Coefficient, International = 5551 expenses/[(3.44 x first-class RPMs) + (coach RPMs)] 

The coefficients established are (a) Domestic Operations, .00191; and 
(b) International Operations, .00131. 
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TABLE 62 

Domtstic and International Airline Meal Cost Totals0 

Meal First class, dollars Coach, dollors 

Domestic airline^ 
Breakfast 
Lunch 
Dinner 
Snacks 
Liquor 

Total 

International airline*^ 
Breakfast 
Lunch 
Dinner 
Snacks 
Liquor 

Total 

12.85 
22.35 
23.82 

7.57 
6.Í6 

73.25c 

2.18 
5.72 

10.16 
1.25 
2.27 

21.58c 

7.66 
11.82 
12.27 
3.73 

35.48c 

0.82 
2.10 
2.66 
0.69 

6.27e 

“Totals only are shown here to respect the proprietary nature of the 
individual airline costs. 

b« -..1.,: i , first class 73.25 . ^etght.ng facto, . = — = 2.06. 

Further weighting of this figure relative to the number of each type 
of meal served was not possible since statistics were not available. 

“Weighting factor first class 
coach 

21.58 
6.57 : 

3.44. 

See Tables D9 and D10 for computations. 
Figure 28 graphs the coefficient history for three years of operations. 

The coefficient values chosen were based in part on the historical values and 
also, importantly, on discussions with several airlines who are predicting a 
gradual increase in food costs. 

The equations for estimating food expense are 
Equation 5: Domestic Operations 

Dollars per departure - .00191 [(coach seats x loading factor) + (2.06 

X first-class seats x loading factor)] 

x (flight distance in statute miles) x H 

where H = 1 when flight block time is 5.50 hr 
H = 2 when flight block time is between 5.50 and 9.0 hr 
H =* 3 when flight block time is 9.0 hr 

Equation 5: International Operations 

Dollars per departure - .00131 [(coach seats x loading factor) + (3.44 

x first-class seats x loading factor)] 

x (flight distance in statute Riles) x H 

where H = 1 when flight block time is 5.50 hr 
H = 2 when flight block time is between 5.50 and 9.0 hr 
H = 3 when flight block time is 9.0 hr 
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Fig. 28—History of Equation 5 Coofficient 

The H factor has been included to account for the additional food costs on 
flights of greater duration than 5.5 hr. This breakoff time was selected to 
reflect current airline practice of serving but one meal on transcontinental jet 
equipment whose maximum scheduled time is somewhat less than 5.5 hr. Thus 
the use of the H factor in domestic operations would be applicable only to trans¬ 
continental flights of piston-powered equipment. 

The H factor would be applicable in international operations, particularly 
over certain North Atlantic and Polar route segments where it is now current 
practice to serve more than one meal. 
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The analysis of the SST operations shows that flight times up to the 4000- 
mile range capability would all be less than 5.5 hr. 

Discussions with several airlines disclosed that upgrading the food service 
for SST operations probably will not occur. In fact, much thought is being given 
to whether it is either necessary or desirable to provide food service on the 
short-duration flight segments predicted for the SST. Schedule departure times, 
competition, and customer wishes will undoubtedly weigh heavily in ultimate 
decisions on this aspect of airline operations. 

Equt ton6 

This equation estimates costs of activities associated with passenger 
handling reported under the following functional accounts: 

6200 Traffic Servicing 
6300 Servicing Administration 
6500 Reservations and Sales 

Traffic Servicing, 6200, encompasses the processing of revenue payloads 
at airport locations and is divided into two major types of activity, passenger 
handling and cargo handling. Both are related in a general way, but each has 
a definite operating procedure and requires different types of personnel. The 
expenses of cargo handling personnel are included in Eq 7. 

Reservations and Sales, 6100, includes expenses incident to direct sales, 
solicitations, ticket sales', controlling and arranging or confirming passenger 
and cargo space sold on aircraft; development of tariffs and operating schedules; 
expense attributable to the operation of city ticket offices; and agency commis¬ 
sions on sales of passenger and freight transportation. The total expense is 
segregated into two groups. The first group pertains to the total reservations 
and sales activity produced by company personnel, the expenses of which are 
included in this equation. The second group pertains to sales efforts produced 
by outside agencies and is identified by Functional Accounts 6539.1, Commis¬ 
sions-Passenger and 6539.2, Commissions-Property. The expenses of these 
two items are included in Eqs 8 and 9. 

The parameter chosen to measure these passenger activities is passengers 
enplaned. Technically, since the majority of these costs are associated with 
the reservations and communications functions for both originating and con¬ 
necting passengers, those costs, unique to initial sales activitv, are properly 
dependent on the number of passengers originated. However, detailed analysis 
of airline traffic data shows that the relation of originations to enplanements 
remains virtually constant, regardless of aircraft average flight distance. Ac¬ 
cordingly, the use of enplaned passengers as the allocation parameter adequately 
expressed the distribution of the ex^nses noted and eliminated the requirement 
for an additional allocation computation. 

The coefficient was derived as follows: 
An initial allocation of expenses reported in Account 6200 is necessary 

to assign costs to the appropriate activity group-Passenger Handling or Carao 
Handling. B 

The total amount of dollars of the accounts listed in the accompanying 
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The coefficient derivation numerator then consists of the summation of 
dollars reported against the accounts shown in the accompanying tabulation. 

6226.1A 
6226.3A 
6300 (prorated allocation) 
6500 (except 6539.1 and 6539.2) 

Numerator (total) 

The denominator consists of a summation of the passengers enplaned. 

Coefficient - INdl/XD (passengers enplaned) 

The coefficients established for these equations are (a) Domestic Opera¬ 
tions. $4.09; and (b) International Operations, $12.55. 

The computer printout Tables D33 and D40 contain the statisUcs used in 
the derivation of this coefficient. 

Figure 29 shows the coefficient history for a 7-year period and indicates 
a slight downward trend during the last few years. The wage-productivity 
chart Fig. D2 reflects a trend of greater productivity per labor dollar in the 
labor category 6226.1. However, an analysis of the effect of the new wage 
rates agreed on by airline industry during 1966 indicated that the coefficient 
will be at a higher level in future operations. 

The coefficient selected for international operations is predicted to re¬ 
main at the same level as the 1965 value. Although the new labor agreements 
will affect this number, it is believed that the numbers reported by one airline 
are questionable (on the high side), thus establishing an already adequately 
high value. 

A computer printout that contains the derived coefficients for individual 
airlines was prepared. 

The equations established to estimate the expenses in the functions de¬ 
scribed above are: 
Equation 6: Domestic Operations 

6200 Traffic Servicing (Passenger Handling) 
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6300 Servicing Administration (allocation to Passenger Handling) 
6500 Reservations and Sales (except Commissions) 

: 4.09 (coach neats x loading (actor) + (first-class seats 

X loading factor) (passengers-enplaned/on-board ratio*) 

Equation 6: International Operations 
6200 Traffic Servicing (Passenger Handling) 
6300 Servicing Administration (allocation to Passenger Handling) 
6500 Reservations and Sales (except Commissions) 

Dollars per departure = 12.55 (coach seats x loading factor x first-class seats 

X loading factor) (passengers-enplanec 'on-board ratio*) 

The above equations contain an expression “Passengers-enplaned/on- 
board ratio.” The determination of this ratio is explained below. Ratio values 
are shown on Fig. 30. 

*This value is unity on originating flights. 
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Fig. 30—Passengers-Enplantd to On-Board Ratio as a 
Function of Average Flight Distance 

(Curves from Figs. E2 and E3) 
A ratio of 1.0 is applicable to turnaround operations 

regardless of flight distance. 

The inclusion of this ratio is necessary to predict expenses at stations 
served other than originating stations. The explanation is presented here 
verbatim as it appeared in the Boeing-Lockheed report. 

Derivation of passengers enplaned/on-board ratios. Enplaned passengers are de¬ 
fined as those passengers boarding a specific flight at any given station along the route 
of the flight. These passengers may be of two types: 

1. Passengers to whom that station represents an ‘on-line origination" point for 
a particular trip. 

2. Passengers to whom that station represents merely a “change of plane” point 
associated with an on-line connection. 

Hence, it follows that on any flight which operates through one or more intermediate 
stops between terminal stations as opposed to a turnaround (nonstop) service between 
terminal points, the enplanements at any station downstream of the originating station 
for that flight are likely to be lees than the On Board load out of the same downstream 
station. This difference will always be equal to the number of passengers riding through 
one or more stations to reach their destination. 

Since a quantitative measure of these through passengers by equipment type is not 
available within CAB Form 41 data, it was necessary to develop a suitable method by 
which the desired relationships could be derived. For domestic operation, this was ac¬ 
complished by examining detailed traffic flow data from several airlines and analyzing 
the On Board load as well as the passenger on-off activity at each station along the 
itinerary of each flight in the system. 

Next, the On Board and On-Off analysis results were summarized by type of equip¬ 
ment and the related ratios of Enplaned to On Board passengers were plotted for each 
equipment’s average flight distance, thus providing data for average flight distances of 
100 to 1,200 miles. At this point, it should be noted that the working data are not weighted 
by flight distance because each enplanement generates the same average cost regardless 
of the passenger trip length. 

The foregoing data plotted without excess scatter even though values for different 
airlines were included on the same plot. The curve faired to these plot points was sub¬ 
sequently adjusted to pass through a point representing the average for the ten domestic 
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trunk carriers as derived from CAB Form 41 data. In this connection, it is Interesting 
that only a minor adjustment in level was needed to obtain excellent system cost simula¬ 
tion while the slope (shape) of the curve remained the same as developed from the de¬ 
tail data Initially analyzed. 

A similar approach was used to establish the International Enplaned to On Board 
Ratio versus average flight distance curve. 

Equation 7 

This equation estimates expenses incurred in performing the baggage- 
and cargo-handling functions at airport locations. This expense is measured 
by “tons of mail, express, baggage, and freight enplaned,* because these 
parameters reflect the productivity of cargo loading activity at airport locations. 

The equation coefficient was derived as follows: 
The coefficient numerator consists of the summation of dollars reported 

against the accounts shown in the accompanying tabulation. 

f 

I 

Accounts Unit 

6226.4A T" 
6300 (allocation) $ 

Numerator (total) £N($) 
£ 

The suffix A denotes that an allocation of other expenses 
has been included in this account. See explanation in Eq 6 
writeup. 

The coefficient denominator consists of the summation of tons of freight, 
mail and express, as reported in Form 41 Schedule T-4, plus tons of pas¬ 
senger baggage. Passenger baggage weight was computed by using a value of 
30 lb/passenger for domestic operations and 40 lb/passenger for international 
operations. These weights reflect airline experience established by occasional 
spot checks made in their continuing study of baggage weight. 

Denominator = ~D (tona—mail, express, freight, and baggage) 

Coefficient = [£N(S)]/[£D( tons—mail, express, freight, and baggage)] 

See Table Dll for computation of the coefficient. The computation includes 
only 1964 statistics, since the 1965 tonnage figures were not available at the 
time the report was prepared. 

A 2-year coefficient history is shown on Fig. 31. The 1963 value used 
was taken from the Boeing-Lockheed report of work based on the same premises 
as have been described. 

The coefficient values selected are (a) Domestic Operations, $58.71; and 
(b) International Operations, $71.25. 

It was decided to use the same values as derived for 1964 activities after 
examining wage productivity history and after having discussions with several 
airlines. The wage-productivity history shown on Fig. D2 indicates rapidly 
using productivity for Labor Account 6226.4 compared to wages. Discussion 
with airlines corroborated these data. The large increase in air cargo tonnages 
the past 2 years has made It possible to realize economics of scale. Because 
of tonnages now being handled, mechanized handling equipment is being installed 
in many locations. Since every indication now is toward increased automation 
in cargo handling, further economies of scale are expected to materialize. 

!22 RAC-R-20 

iE ONLY 



FOR OFFIt£|^_ONlY 

Fig. 31—History of Equation 7 Coofficiont 

K,^rsr.8.rÄes,taa,e ihe 
Dollar* per departure - $58 71 I ("umher 0f paaaengera x 30 lb 

?nnn <passenpera- 

enplaned/on-board ratio*) (tons of mail, express, and 

freight x cargo-enplaned ratio*)] 

Equation 7: International Operations 

Dollars per departure = 71 25 ^nuini>tr 0i passengers x 40 lb 
2000 passengers- 

enplaned/on-board ratio*) + ( tons of mail, express, 

and freight enplaned x cargo on-board/enplaned ratio*) 

flight8?>a88enKer~enplaned rat,° and CarK0*enplaned ratl° are “nlty on all originating 
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mail, express, and freigvt tend to move through more stations than passengers. 
Consequently, the passenger-enplaned/on-board ratio is directly applicable to 
baggage, whereas other cargo requires the use of a reduced ratio to accurately 
express the handling expense in terms of the load on board. More specifically, 
analysis of car,{o cost data indicates that a reasonable cargo-enplaned/on¬ 
board ratio is 75 percent of the passenger ratio for both domestic and interna¬ 
tional operations at any average flight distance. 

Included in Table D12 is a tabulation of average tons of mail, express freight, 
and baggage per departure as experienced by the various airlines. 

Equation 8 

This equation estimates expenses incurred by activities in the functions 
listed in the accompanying tabulation. 

Account_Description 

5500 Passenger Service (except Flight Attendants 
and Food Expense) 

6500 Reservations and Sales (Passenger Commissions) 
6600 Advertising and Publicity—(allocation to Pas¬ 

senger Transoortation) 

The parameter chosen to msasure these activities is RPM. 
The Passenger Service expenses included here are the remainder of dol¬ 

lars reported against Account 5500. The other Account 5500 expenses are in¬ 
cluded in Eq 4, Cabin Attendants, and Eq 5, Passenger Food Expense. 

The Reservations and Sales expenses are those dollars paid out by the 
airlines as commissions on ticket sales. 

Advertising and Publicity Expense encompasses all costs associated with 
creating public preference for the air carrier and stimulation of air travel. It 
includes timetable expense; advertising in newspapers; radio and television 
activity; and other types of advertising consistent with good airline public 
relations. 

The total Advertising and Publicity Expense has been segregated between 
Passengers and Freight and is allocated on a revenue dollar basis. The alloca¬ 
tion to Freight Expense is included in Eq 9. 

The numerator consists of the summation of the dollars reported against 
the accounts in the following tabulation. 

The denominator consists of a summation of the revenue passenger miles 
for all classes of passenger service. 

Denoniinrtor « SD(RPMa) 

Coefficient « £N(S)/[£D (RPMs)] 

The coefficients established for these equations are (a) Domestic Opera¬ 
tions, $ .00468; and (b) International Operations, $ .00781. 

Figure 32 is a plot of coefficient value history. 
The coefficient value chosen for domestic operations reflects a slight in¬ 

crease over the value established for 1965. An examination of the wage-produc¬ 
tivity chart (Fig. D2) of the labor categories covered by this equation shows a 
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Accounts Unit 

5521 
5530 
5531 
5535 
5537 
5538 
5541 
5543.9 
5544.1 
5550 
5553 
5556 
5558 
5563 
5571 
5577.9 
6539.1 
6600 allocation 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

$ 
$ 
$ 
$ 
$ 
$ 
$ 

$ 

Numerator (total) i,N($) 

«. International Operations, Three-Airline Average 

Fig. 32-History of Equation 8 Coofficiont 



very close correlation of wage-productivity over the years. However, the trend 
towards higher wages indicates that these additional costs should be reflected 
in a higher coefficient value. 

International airline operations present a different situation. The coef¬ 
ficient history chart shows a downward trend in costs. This probably reflects 
economies of scale in operations because cf the rapid growth of traffic. It is 
believed that continuing pressure by public agencies will result eventually in a 
lower general fare structure that should further stimulate demand and make 
possible further economies of scale. The coefficient established for interna¬ 
tional operations is believed to be on the conservative side. 

The equations established to estimate expenses described above are: 
Equation 8: Domestic Operations 

Dollars per departure > .00468 (total seata x loading (actor) 

(flight distance in statute milea) 

Equation 8: International Operations 

Dollars per departure « .00781 (total scats x loading (actor) 

((light distance in statute miles) 

Equation 9 

This equation estimates expenses incurred by activities in the functions 
listed in the accompanying tabulation. 

Functional account Description 

6500 Reservations and Sales (Freight Commissions) 
6600 Advertising and Publicity (allocation to 

freight Transportation) 

The parameter chosen to measure these activities is revenue freight 
and express ton- miles. 

The Reservations and Sales expenses included here are those dollars 
paid out by the airlines as commi^oions for cargo traffic acquisition. 

The 6600 Functional Account expense Included in this equation is the por¬ 
tion of the 6600Account that is allocated for Advertising and Publicity of cargo 
services. 

The coefficient was derived as follows: 
The numerator consists of the summation of the dollars reported against 

the accounts shown in the accompanying tabulation. 

Account Unit 

6539.2 $ 
6600 $ 

Numerator (total) £N($) 
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The denominator consists of a summation of the ton miles reported for 
Freight and Express carried. 

Denominator > ID ( ton-milea) 

Coefficient » £N(S)/[£D (total revenue ton>milea)] 

The coefficients established for these equations are (a) Domestic Opera¬ 
tions, $0.0095; and (b) International Operations, $0.012. 

Figure 33 shows the coefficient value history for a 7-year period. 

Fifl. 33—History of Equotion 9 Coofficiont 

The coefficient selected for domestic operations is slightly higher than 
that shown for 1965 and continues the very gradual trend upward. It should be 
recognized that this coefficient is very sensitive to the dollars spent on advertis¬ 
ing. Discussions with several airlines revealed that they cannot identify spe¬ 
cifically the amounts spent on promoting air cargo, but that no change is now 
planned in their advertising policy. However, if the airlines begin an extensive 
promotional campaign for air cargo services, this coefficient could fluctuate 
widely. 
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In contrast to the domestic coefficient trend, the coefficient history for 
international operations shows a steep downward slope. This reflects the rapid 
growth of air cargo, which can be interpreted at least in part as excellent re¬ 
sponse to advertising. It is expected that this trend will continue. 

The equations established for estimating the expenses described above are 
Equation 9: Domestic Operations 

Dollars per departure « .0095 (tons of freight on board) 

(flight distance in statute miles) 

Equation 9: International Operations 

Dollars per departure .012 (tons of freight on board) 

(flight distance in statute miles) 

Equation 10 

This equation estimates expenses incurred by the activities associated 
with Functional Account 6800, General and Administrative. 

General and Administrative Expense includes all items on a corporate 
nature plus expenses incurred in performing activities that contribute to more 
than a single operating function such as general financial accounting activities, 
purchasing, and legal and general operational administration not directly ap¬ 
plicable to a particular function. 

General and Administrative Expense is measured by the parameter total 
operating expense minus “the expenses reported in Functional Account 7000, 
Depreciation and Amortization, plus expenses reported in Functional Account 
6800, General and Administrative.* 

The coefficient was derived as explained below. 
The numerator consists of the summation of all expenses reported in Ac¬ 

count 6800 by nine airlines for domestic operations and by three airlines for 
international operations. 

Numerator * (S 6800 Account) 

The denominator consists of the summation of all expenses reported against 
the accounts listed in the following. 

Accounts Description Unit 

5100 Flight Operations $ 
5200 Direct Maintenance $ 
5379.6 Maintenance Burden-Flight Equipment $ 
5379.8 Maintenance Burden-Ground Equipment $ 
5500 Passenger Service $ 
6100 Aircraft Servicing $ 
6200 Traffic Servicing $ 
6300 Servicing Administration $ 
6500 Reservations and Sales $ 
6600 Advertising and Publicity $ 

Denominator (total) ED($) 

Coefficient SN($) 
TÏÏÏÏ) 
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The coefficients established are (a) Domestic Operations, .0475; and (b) 
International Operations, .064. 

Figure 34 shows the coefficient value history for a 7-year period. A com 
piter printout was prepared and contains the derived coefficients. 
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> 0.07 
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u 
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w 0.06 
-i 
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> 

z 
Ui 0.05 
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Selected value u. 
Ui 

8 0 0t 
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b. Domcitic Operations, Nina-Airlino Avaraga 

Fig. 34—History of Equation 10 Cooffieiont 

The coefficient values for domestic operations show a relatively stable 
history. The values for international operations had a sharp increase for the 
years 1961 and 1962 but returned to relative stabUity in subsequent years. D1 
eussions with several airlines indicated that these values should remain at 
about their present level. 

The equations established for estimating Account 6800 expenses are 
Equation 10: Domestic Operations 

Dollar« per departure . .0475 [(total operating cost) - (all expense» reported in 

hunctional Account 7000, Depreciation and Amortization 

+ expenses reported in Account 6800, General and 

Administrative)] 

Equation 10: International Operations 

Dollars per departure - .064 [(total operating cost) - (all expenses reported in 

Functional Account 7000, Depreciation and Amortization 

+ expenses reported in Functional Account 6800, General 

and Administrative)] 
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Wage Statistics. A study was made of the relation between wages and 
productivity of various labor classifications as part of the effort in establish¬ 
ing CERs. Payroll data were compiled from CAB Form 41, Schedule P-10, 
for the nine domestic and eight international airlines considered in this study 
covering the years 1959, 1961, 1963, and 1965. Average numbers of employees 
together with the average annual wage rates were computed for the labor clas¬ 
sifications listed in the accompanying tabulation. 

Objective account Description 

21 
5Õ24 

25 
General aircraft and traffic- 

handling personnel 
6126.1 
6226.1 
6326.1 
6526.1 

Aircraft control personnel 
6126.2 

Passenger-handling personnel 
6226.3 
6526.3 

Cargo-handlli.g personnel 
6226.4 
6526.4 

28.1 
30 
31 
32 
33 
34 
35 
10 

General management personnel 
Passenger 
Maintenance labor 

Aircraft servicing 
Traffic servicing 
Servicing administration 
Ressrvations and sales 

Aircraft servicing 

Traific servicing 
Reservations and sales 

Traffic servicing 
Reservations and sales 
Trainees and instructors 
Communications-personnel 
Record keeping and statistical personnel 
Lawyers and law clerks 
Traffic solicitors 
Purchasing personnel 
Other personnel 
Hotel, restaurant, and food service personnel 

See Fig. D1 for graphs of these data and Fig. D2 for graphs reflecting 
the wage-productivity relations of the various labor classifications. 

Station Expense. One aspect of this study was to identify, if possible, 
incremental or marginal costs associated with activities covered under the 
various functional accounts. Such information was potentially useful if specific 
costs could be associated with the various types of aircraft being operated. 

Cost data reported in Schedule P-9.2 were studied in conjunctic . with 
traffic statistics reported in Schedule T-4, On Line Airport Activity Data. 
Schedule T-4 contains the number of departures performed by each type of 
aircraft operating through a station. Also reported are the number of pas¬ 
sengers enplaned but oiiiy ?.s a station total and not by the number of passengers 
enplaned in each type of aircraft. Although station costs are reported for the 
individual functions—aircraft servicing, traffic servicing, servicing administra¬ 
tion, reservation and sales, and advertising and sales in Schedule P-9.2-no 
way was found to quantitatively correlate these data with the departures by air¬ 
craft type. Since the necessary historical data were lacking, field sampling 
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techniques were considered. However, the study schedule was such that time 
was insufficient to gather a credible statistical sample. 

Another approach was taken with the thought that activity factors could be 
developed in a comparative study of stations. Station traffic data for a 2-year 
period was compiled on several airlines listed in the accompanying tabulation. 

Airline 
Domestic International 

1961 1963 1961 1963 

AA X X 
CO X X 
NW X X 
PAA 
TWA X X 
UAL X X 

X 
X 
X 

X 
X 
X 

Data compiled were aircraft departures, passengers enplaned, and the 
number of employees at each station. (See Tables D16 through D31.) The anal¬ 
ysis of these data showed little correlation when comparing the traffic sta¬ 
tistics. Some stations were comparable relative to number of employees vs 
traffic handled, but there were wide variations in many stations. As an exam¬ 
ple, figures for 1963 reported by United Airlines are shown in the accompany¬ 
ing tabulation. 

Station Employees Departures Passengers enplaned 

Elmira 4 
Lincoln is 
Allentown 21 
Flint is 
Boston 245 
Atlanta 224 
Detroit 525 
Philadelphia 452 
Denver 910 
Cleveland 841 
Los Angeles 1414 
Chicago O’Hare 2192 

1,270 
1,310 
1,417 
3,766 
2,534 

• 11,214 
14,324 
12,239 
12,856 
24,681 
22,107 
48,409 

7,875 
16,196 
21,345 
21,945 
97,505 

175,308 
274,626 
349,208 
468,909 
714,011 
919,280 

16,748,804 

It is obvious from the above that many different factors, in varying de¬ 
grees, influence operations at the many stations. Some of the factors are the 
route structure relative to markets served, competitive schedule times, whether 
a location is a through station or turnaround station, whether major or minor 
maintenance is performed at the station, and ability to take advantage of eco¬ 
nomies of scale. 

The analysis of the data of the sampled airlines disclosed no discernible 
pattern that would be useful in establishing estimating relations. 

This approach was discussed with several airlines. They reported past 
and continuing efforts to establish standard station costs but little or no suc¬ 
cess in their efforts. The phenomenal growth of air traffic resulting in the 
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introduction of new types of equipment together with constantly changing and 
expanding schedules has prevented the compilation of meaningful data. 

In summary, whtie it is recognized that certain activity costs do vary 
between types of aircraft, the cost-estimating relations developed in this study 
had to be based on industry average costs for all types of aircraft operated 

COST MODEL IMPLEMENTATION 

Two FORTRAN programs were written to serve as tools in the evaluation 
of aircraft operating costs. First the MISST (Mission-Supersonic Transport) 
Program was written to determine the block fuel, block time, and maximum 
payload for any block distance when deviation from the mission profile becomes 
necessary because of weather or other reason. Second, the OCMODL (Operating 
Cost Model) Program was written to evaluate the seven different methods of 
calculating operating costs that have been discussed in this document. This 
second, and independent, program uses block fuel, block time, block distance, 
and other data input, as required, from any appropriate source. The OCMODL 
Program was designed with the objective of using common input data for all 
methods of calculating operating costs so far as possible. Further, the program 
is flexible. Any input parameter may be changed with the insertion of a single 
card. Both the OCMODL and the MISST Programs use but a fraction of a minute 
of computer time per case computed. 

MISST MODEL 

Purpose 

The MISST Program mechanizes the calculation of block fuel and block 
time (for a specified payload and block distance) for airline use. The program 
utilizes the aerodynamic-performance data furnished the airlines by the air¬ 
craft manufacturers. The output of this program was used as input for the 
aircraft OCMODL prepared by RAC for SST economic evaluation. The MISST 
Program is intended primarily to be a tool for analyzing missions having a 
mixture of subsonic and supersonic cruise segments. Also this program may 
be used to compare standard and hot-day performances and the effects of dif¬ 
ferent payloads on fuel consumption and block time. 

Description of Model 

The aircraft manufacturers have submitted aerodynamic reports for the 
use of the airlines in calculating aircraft performance over their respective 
route segments. These reports appear as Appendixes H and I to the Lockheed 
SST proposal presented during Phase HI of the Supersonic Transport Develop¬ 
ment Program and in Vol 4, “Airplane Performance (GE)" and Vol 5, “Airplane 
Performance (P&W)” of Airplane Technical Report V2-B2707, submitted as part 
of the SST proposal made by Boeing Aircraft Co. 
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The charts of segment performance presented in the documents refer¬ 
enced were converted to tabular form for utilization in a digital computer pro¬ 
gram. The program used table look-up and linear interpolation to calculate 
fuel, t.me, and distance for the following types of mission segment: 

(a) Departure 
(1)) Subsonic climb 
(t ) Supersonic climb by domestic or international rules 
(c) Subsonic cruise for a specified distance 
(e) Subsonic cruise for an unspecified distance 
(f ) Supersonic cruise by domestic or international rules for an unspe¬ 

cified distance 
(g> Deceleration 
(h) Descent 
(i) Landing 
(j ) Reserve 
The results of any logical sequence of mission segments can be computed 

through the proper sequencing of input cards (using one card for each segment). 
Thus for a specified payload and block distance the program output will print 
block fuel and block time and in addition the time, fuel, and distance data of 
each segment. If the given payload cannot be carried the specified distance, 
a message is printed and the red' ed payload that can be carried with a max¬ 
imum gross weight takeoff for the specified distance is calculated. The block 
fuel and block time then are calculated for the reduced payload. If the mission 
is so short that after calculating all other segments the cruise segment is found 
to be nonexistent (i.e., the climb and descent take more than the total distance 
allowed), an alaim is printed and the mission is terminated. In these infrequent 
cases, nand calculation to ascertain the maximum gross weight takeoff or mis¬ 
sion modification would be necessary. 

Tne MISST Program operates by iteration, starting with a maximum 
gross weight takeoff (or lower weight if specified). The takeoff weight then is 
reduced until the fuel on board equals the fuel required for the specified block 
distance, including reserves, within a stated accuracy. The accuracy in cur¬ 
rent use is 0.5 percent and may easily be modified. However, results obtained 
through use of the 0.5 percent criterion agree precisely with the curves given 
by the manufacturers for the standard SST mission. 

The MISST Program is tailored to the flight-performance data and pro¬ 
files established in the FAA’s SST Ground Rules of 30 June 1966. Many of the 
mission criteria stated in the Ground Rules are built into the program and in¬ 
clude the choice of sonic boe~i overpressure limits, the time allocated for air 
maneuver after takeoff and before landing, the taxi time, and the reserve al¬ 
lowances. Certain differences in the manner in which data were presented by 
the manufacturers necessitated the preparation of two similar programs that 
use tables of different size and calculations with some slight differences. For 
example, Boeing combined deceleration and descent into one curve, whereas 
Lockheed presented separate curves to depict similar data. Typical profiles 
are shown in Fig. 35. A supersonic climb may start either from 5000 ft or 
from a subsonic cruise altitude. In the case of a supersonic climb following 
a subsonic cruise the program makes a transition from the cruise to climb 
profile without allowing for acceleration that may be necessary for the transition. 
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a. Standard 

© 
(D 

Takaoff and accalaration to climb spaed 

Supersonic climb to best cruise altitude or sonic-boom-limited 

cruise altitude 

Cruise at optimum altitude or sonic-boom-limited altitude 

(whichever is higher) 

@ Deceleration 

@ Descent 

Landing 

Reserve 

© © 

DISTANCE 

b. Combination of Subsonic and Supersonic 

Takeoff and acceleration to climb speed 

Subsonic climb to best cruise altitude 

Subsonic cruise at best altitude for a specified distance 

Supersonic climb to best cruise altitude 

Supersonic cruise, M - 2.7, at best altitude 

Deceleration 

Descent to best subsonic cruise altitude 

Subsonic cruise for a specified distance 

(9) Descent 

@ Landing 

(H) Reserves 

Fig. 35—Typical Missions 
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Data were not available for this transition and in any case the error from ig¬ 
noring this factor is small, on the order of a few hundred pounds of fuel. 

The possibility of using an aerodynamic performance program prepared 
for an earlier SST study by Cornell Aeronautical Laboratory was examined. 
However, since inputs determined to be necessary for that program could not 
be available by the desired date, 6 September 1966, RAC prepared the MISST 
Program to accommodate the input data that was available. 

Data Requirements 

The following detailed description of the program inputs is provided to 
document the program and facilitate operation of the program by the FAA at a 
later date. Card decks and listings are furnished as supplementary material 
to this document. 

Table 63 

ui« or ranas ma bt assar raooaaa 
IttBloct 

rail 

Ttkaoff 1 
Takaoff 2 
rakaoff 3 

Cllab ; 
Cllab 2 
Cllab 3 

laa. cllab 2k 
lai. cllab 2B 
lai. cllab 2C 

Cralaa 1 
Caclaa 2 
Cralaa 3 

Decaíante 1 
Decelerate 2 
Decelerate 3 

Deaceat 1 
Deeceat 2 
Deaceat 3 

Sapata 

(1) 
■1 

■ 1 
•1 
■ 1 

tccelera tl oa 1 II 
kcealantloa 2 11 
tcceleratloa 3 11 

• 1 
■1 
■1 

■2 
■ 1 
• 1 

■ 1 
• 1 
• 1 

• 1 
■1 
■ 1 

■ 1 
■ 1 
• 1 

Biaael approach II 

Diteraloa 11 

klr aaaaaaer 11 

■old (20 alaa.) 11 

(2) (1) 

■1 Poel 

■1 Paal 
■1 riae 
■1 Dlataace 

■ Paal 
a riaa 
■ Dlataace 

Paal 
Paal 
Paal 

■2 11 
■2 Tlaa 
■2 Dlataace 

Speed 
al/lb 
B1/1D 

■1 Paal 
■1 riae 
Bl Dlataace 

■1 
dl 
■ 1 

Pateóte 

(2) (3) 

tlae 

Qotlt 

(•) 
Dlataace 

Mae Dlataace 
Tlae Dlataace 
Mae Dlataace 

■1/lb 12 
12 

Pael 
riae 
Dlataace 

Pael 

Pael 

Iba br 

Pael 

Cralaa B Sabaoalc 
Cralae ■ Saperaoalc 1.5 paf 
Cralaa ■ Saperaoalc 1.7 paf 

Correctloa aaad akea 
cllab atarta froa 
aabaoalc cralae alt. 

Sabaoalc 
Saperaoalc 1.5 paf 
Saperaoalc 1.7 paf 

re 1.5 paf Halt 
(Lockbeeil data oal|) 

lltb 1.5 paf Halt 

(Boelao data, a>0 oaly) 

kbbrevlatloaai H-laltlal ¡«eight 
■2-flaal Might 
Hl-ialtlal altltade 
■2-flaal altltade 

FOR 
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It was necessary to prepare a different set of tables for each airframe- 
engine-atmosphere combination. Therefore for two airframes, two engines 
and two atmospheres (standard and hot day) eighL sets of tables were required. 
After the tables are prepared, program execution utilizing the IBM 7040 com¬ 
puter is rapid and requires less than 1 min per mission. Table 63 describes 
the performance tables necessary for the MISST Program. The program is 
written in FORTRAN IV language. The tables are entered as block-data sub¬ 
routines so that it is necessary only to insert the appropriate binary subroutine 
deck to select the engine and day. Aircraft weight limits are contained in this 
same block-data deck. 

The payload and block distance data are inputs to each computer run. An 
initial takeoff weight less than the maximum may be supplied as an optional in- 
put to decrease the number of iterations. Since block distance is an input, and 
the distance to climb, accelerate, and descend depends on weight, the unspeci- 
fied cruise distance is calculated by the program as the difference between 
block distance and the sum of known se« ment lengths. Therefore only one 
cruise segment with an unspecified dist nee may be called for, and subsonic 
cruise segments must have the segment length specified on the input card when 
they are in the same profile as a supersonic cruise. Table 64 illustrates the 

Í0.r.m^.0Í the jnput cards used t0 describe mission segments. The sequence in 
which the cards are arranged determines the mission profile. 

Program Input Formats 

Program input cards are prepared in the following sequence and format: 
Title Card. A title card of 80 columns is to be printed at the top of each 

page of output. The word ENDATA appearing in Cols 1 to 6 of the title card 
signifies ihe end of input and will cause a CALL EXIT. 

g^load, Range, and Gross Weight Card. This card signifies the payload 
block distance (NM), and iniüal takeoff weight (if less than maximum takeoff 
weight). Ten columns, right adjusted, are allocated for each item. Cols 1 to 10 
are used to indicate payload; range is specified in Cols 11 to 20, and gross 
weight is given in Cols 21 to 30. * 

ggffrol Card. A card with the letters MISSN appearing in Cols 1 to 5 in¬ 
dicates that mission segment cards follow this Control Card (see Item 4 below) 
A Contro. Card may also be a card with the letters CMPT in Cols 1 to 4 indi- 
cating that no cards follow. This card further signifies that the mission segments 
are in the same sequence as those of the previous case were. Computation be¬ 
gins with the CMPT card. H De 

Mission Segment Cards. Mission Segment Cards in proper sequence follow 
the Control Card MISSN (see Table 68 for description). The “KEY* number 

id!nïï5th«t/ype 0Í s®gment t0 to® Program. Cards will continue to be read 
hv^ELTr {°r b,la"k)J3 found- The Mlssi°n Segment cards must be preceded 
by a MISSN Control Card. 

A sample input deck is shown in Table 65 and the resulting sample output 
printout is shown in Table 66. Block time and block fuel include taxi at both 
ends of the flight. Taxi time and fuel are not included in the departure-and 
landing-segment printouts. If a reduction in payload is necessary to permit the 
aircraft to fly the specified distance, a special message is printed, the available 
payload using maxir ;’m takeoff weight is calculated and printed, and the program 

136 

FOR WhSIN(USE 

RAC-R-20 

ONLY 



tu a»«rlptlo| 

FOR OfFNUMlft ONLY 

■zssioi saaam cum rot za»n 
8P>Cl«l iiPBt 

£ul sai. C»rd sal* Ora sal. Ora eol. 

1-2 23-30 31-30 39-«3 

01 Zalt. alt. Departni« (to 5000 
feat. Loe*heed; 
to 35 feet, Boelig) (Zf aot t.L.) 

02 Sabsoaic ellab to 
beat aabaoalc croisa 

Sopersoaic ellab, 
doaeatic, 2.0 PSI 
Halt, to doaeatic 
croise alt. 

Sopersooic ellab, 
lateroatloaal, 2.5 
PSI, to 
lateroatloaal cralae 
Halt. 

05 Diet. Subsonic croise 
(a.al.) distance specified. 

06 
Sopersonic croise, 
doaestic, 1.5 PSI 
Halt. 

Sopersonic croise. 
International, 2.0 
PSZ Halt. 

Decelerate to speed 
for 1.5 PSI descent 
(Lockheed only) 

Descent at 1.5 ?SI 
Halt. (Includes 
deceleration for 
Boeing) 

Terainate (5 alas. 
air aaaeooer and 
taxi) 

■eseroe 

Sabsoaic croise, 
■•specified 
distance. 

Bad of table, start 
calculations. 

Table 65 

SUPLI IBPSf MCI 

Ifilff 
Titla card 
Payload, range 
BISSI card 
Takeoff at 1 ft. 
Sobsonic ellab 
Sobsonic crolse-300 si. 
Cliab at 2.5 psf 
Croise at 17 psf 
Decalarate 
Descent to 1500 ft. 
Toralaate 
Basarte 
Start coapotatloa 
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opafwh * U8ing the neW •“y10*0, K the distance is beyond the range of the air- 
COmpUlÜf fUn ^11 terminate- A curve for payload as a function of 

Other alarm«P OnielUSing ^ re8UltS 0Í runs ^ 0Vfet a ranKe of distances. 
?!uWlllíf printed 11 the Program enters a table with input param- 

s that exceed the table limits. Extrapolation to twice the last table interval 

La kT y0nd ^ the C0,nPuter run terminates. The alarm printout gives 
.1* abl' name .able Iim„a, the input parameter, need, and the degree ÕÍ f«r«p- 
olation required in relation to the nearest table interval. The last values of 
the mission s segment calculations also are printed. The out-of-limits alarm 

mhay ^ a mi88ion 8tarted with the maximum takeoff weight is for such a 

first ^ the de8Cent °r landlng 18 0ut of tabIe llmits on the first iteration To prevent this type of alarm, reduced takeoff weight should 
be specified. The last six lines of the printout contain the vital information 
needed for input to the OCMODL, i.e., block distance, block time, block fuel 

sZTeXprilT gr08a WeigM and Payl0ad al8° are giVen ln the la8t 

Summary of MISST 

The MBST model will calculate block time and block fue! for a given mis- 
Sion profile, block di.Unce, and payload »1th a. much accuracy a. Î, .Sorte? 

VEST »‘¡¡uíd’01“1*!" “sl"g,he oianufaciurers’ mission-segment daU. The 
MBST mrtel does not use NASA-validated data because this data was not re- 

iunctlon^rtng. alS° CalC“la,es ,he curve tor W““1 « « 

OCMOTL 

Purpose 

The purpose of the RAC OCMODL is to compare the various methods of 
computing direct and indirect aircraft operating costs and to compTreT 
opera ng costs of different aircraft, both subsonic and supersonic. OCMODL 
accepts Input from the MISST Program or other appropriate source and pro- 

£ttSmiîe eXpre ln d0llars P61* mile’ dollars P«* tr*P. and dollars per 

Description 

The RAC OCMODL is programmed in FORTRAN IV language a./i the oro- 

been run 0n an IBM 704°/44 Computer. The program should be 
operable on any computer having a FORTRAN IV Compiler. Program running 
time on the IBM 7040 is approximately 10 min to obtain a printout of costs 
calculated, by each of six methods, for six aircraft types. 

rwroT!16 c°8t *netb°d8 that been programmed »include the ATA 1960 Direct 
Operating Cost method, as modified by the FAA’s SST Economic Ground Rules 
of 31 June 1966, and the Boeing-Lockh-ed Indirect Cost method given in these 

#FAA66, ORI, PRC, LAC, ATA66, RAC, and BAC. 
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same Ground Rules. This combination has been designated the FAA66 method 
and comprises a direct operating cost and an indirect operating cost subroutine, 
i.e., the FAA66 Direct Operating Cost method and the FAA66 Indirect Operating 
Cost method to update to 1967. The equations used in the various methods 
have been described in a previous section of this report. The method desig¬ 
nated RAC66 develops maintenance costs based on the ATA Specification 100. 
RAC indirect operating cost method differs considerably from the FAA66 
method. The equations of the RAC66 method were shown in a preceding sec¬ 
tion of this document. 

SST Development Costs 

In the OCMODL Program, development costs of the SSTs may be amortized 
as a development royalty over a period of 15 years (for a 300-plane fleet) as 
specified in the SST Economic Ground Rules. To accomplish this the total de¬ 
velopment :ost must be given as input to the program in millions of dollars. 
The development royalty then will be printed in dollars per hour and added to 
the direct operating cost totals on the printout, in appropriate units. The fleet 
size and amortization period also are optional inputs to the program. In the 
RAC66 and FAA66 methods the development costs of one aircraft are calculated 
and added to the sales price of the aircraft before the insurance charges are 
computed. An alternative procedure is to add the pro rata development cost to 
the sales price of each aircraft. Aircraft sales price is a required input for 
calculating depreciation and insurance. The latter choice therefore results in 
the inclusion of development costs in the depreciation and insurance charges 
in all methods. 

Data Requirements 

The following detailed description of the OCMODL Program inputs is pro¬ 
vided so the FAA may run the program at a later date. Card decks and listings 
are furnished as supplemental material to this report and do not represent an 
actual part of this document. 

The inputs for aircraft data required by the program are shown in Table 67. 
Input items are designated by an asterisk under the methods that require them. 
Where alternative choices of input may be made, the items with designation A2 
may be substituted for Al. If the program assumes a standard value for an 
item, that value apoears under the appropriate method or footnote, but an input 
value given on a card will override it. The table is actually an input format for 
punched cards. The number called “KEY* In cols 1 to 3 identifies the item to 
the program. One card is necessary for each item. The input value of the item 
is punched in cols 7 to 16, right adjusted. The program assumes a decimal 
point to the right of col 16 unless a decimal point is punched. 

Table 68 illustrates the format for the block data [distance, time, fuel, 
and passengers-enplaned/on-board ratio (PEN)]. Up to 20 sets of block data 
may be stored (three or four cards to a set), and they will be retained in a 
table and reused until a card with KEY = 098 causes them to be erased. After 
the 098 card a new table of block data must be supplied. The block time and 
block fuel given in the input table are multiplied by the distance factors 1.03 
(for domestic) and 1.01 (for international) before computations are performed, 
unless an overriding distance factor is inserted on the 098 card in cols 13 to 16. 
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Table 68 

SAMPLE INPUT SHEET FON BLOCK DATA 
ENTENED IN SETS OF THNEE ON FOUNt PEN OPTIONAL 

KEY 
COLS 
I-J 

value name OESCNIPTION 
COLS COLS 

* - • U 20 24 TO BO 

0*4 1.0) CLEANS PNEVIOUS BLOCK OATA. 1NSENTS DISTANCE FACTON 

001 
002 
00) 
OSA 

A*S 
.44 

ssooo 
.522 

0 DISTANCE 
TB BLOCK TIME IHOUNSI 
FB BLOCK FUEL 
PEN PASSENGEN ENPLANED/OH-BOANO NATIO 

001 
002 
00) 
OSA 

**0 
1.21 

42000 
•4T0 

D DISTANCE 
TB BLOCK TIME 
FB BLOCK FUEL 
PEN PASSENGEN ENPLANED/ON-BO AND NATIO 

001 
002 
00) 
OSA 

14BS 
l.SO 

104S00 
.7)0 

D BLOCK DISTANCE 
TB BLOCK TIME 
FB BLOCK FUEL 
PEN PASSENGEN ENPLANED/ON-BOANO NATIO 

001 
002 
0^* 

OlA 

1*40 D 
l.SO TB 

1)2500 FB 
.740 PNN 

BLOCK DISTANCE 
BLOCK TIME 
BLOCK FUEL 
PASSENGCN ENPLANEO/ON-BOAND NATIO 

001 
002 
00) 
OSA 

2*70 
2.SS 

ISSOOO 
.75000 

D BLOCK DISTANCE 
TB BLOCK TIME 
FB BLOCK FUEL 
PEN PASSENGCN ENPLANCD/ON-BOANO NATIO 

NOTE - UP TO TWENTY OF THESE SETS ANC ALLOWED 
DO NOT PLACE BLANK CANOS BETWEEN SETS 

The values of block time and block distance on the printout do not include the 
distance factor. A check is performed by the program to ensure that the same 
number of entries to the table are made for distance, time, and fuel. If these 
entries are not of a like quantity an input error is assumed and the case is 
skipped. 

The PEN is included as an optional variable in the block data because it 
is presented as a function of distance by the FAA Ground Rules. If a value is 
not given, or if the flight is nonstop (KEY 33 = 0.0), the program sets PEN * 1.0. 
Therefore, if it is desired to utilize PEN 1.0 for a nonstop trip, a value of KEY 
33 = .00001 must be inserted as a variable in the block data. A nonzero yet in¬ 
significant number of stops is thus inserted. 

Table 69 shows the format of control cards that are used to designate the 
following: 

(a) The method of calculation to be used, one card for DOC and one for 
IOC 

(u) Type of service, domestic or international 
(c) Type of aircraft, prop, subsonic jet, turboprop or SST 
(d) Date of the computer run (for ease in identifying outputs) 
(e) Card 888 to clear aircraft-data storage preparatory to reading in a 

new aircraft 
(f) Card 999 to signify end of job 
(g) Card 099 to signify that a title card follows that will be printed ver¬ 

batim at the head of each page of output 
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Table 69 
CONTROL CAROS FOR OCNOOL 

«y cooe 
COLS COLS 
»-* é T-U 

NANC FUNCTION 
COLS 
20-2S 

._ . TITLE CARO FOLLOWS THIS CARO* SO COLUMNS alPmàRCTIC 
TITLE CANO WILL M PRINTED AT TOP OF EACH PACE UNTIL REPLACED 

100 
100 
100 
100 
100 
100 
100 
100 

101 
101 
101 
101 
101 
101 
101 
101 

102 
102 
102 

100 
10« 
10S 

lit 

000 

1 
1 
2 
s 
A 
» 

T 

S 
1 
2 
9 
A 
I 
A 
T 

10T 
109 1 
109 2 
109 9 
109 A 

I IS COM AS FOLLOWS 

RAC 
ORI 
PRC 
LAC 
ATAAA 

BOCINO 

DIRECT COST NCTHOO* 

DIRECT COSTS 
DIRECT COSTS 
DIRECT COSTS 
DIRECT COSTS 
DIRECT COSTS 
DIRECT COSTS 

DIRECT COSTS 

■“ÍSSÍÂS"— »'•“•*« «U» 
INDIRECT COSTS 
INDIRECT COSTS 
INDIRECT COSTS 
indirect costs 
INDIRECT COSTS 

FAA 

RAC 
0R1 

PRC 
LAC 
ATASA _ 

AMINO INDIRECT COSTS 

^tiO^ST.INTERNATIONAL INMx 11011 

INTERNATIONAL 

«wu**!“”" "M 
JET I SUBSONICI 
TURBOPROP 
AST 

ICURF ¡¿‘SIo^Fu“* UUD ^ ^ "° UT,U“TION «IVM 

ICURF WITH NICHT CURFEW 

NO/DV DATE OF RUN 

END OF INPUT FOR THIS CASE* START COMPUTATION 

CLEARS ALL STORED AIRCRAFT DATA I REV LESS THAN tot 

SIGNIFIES END OF INPUT. CALL MIT 

(h) Card 000 to signify end of input, start calculations 
After each 000 card, calculations will be performed for all sets of block 

ata in the block-data table. The sequence of the cards is immaterial with the 
following exceptions: 

(a) A title card must be preceded by a 099 card 
(b) After an 888 card, all aircraft characteristic data and block data must 

be replaced. Control cards in use remain in effect 
(c) Before loading a new block data table, a 098 card must be read. Other¬ 

wise the new data will be added to the old data table 
(d) If two cards with the same key number are read, the second card will 

cauje the first to be erased 
This system of loading input makes it possible to read in only those cards 

that need to be changed for each successive calculation. 
A sample page of output is shown in Table 70. The important aircraft in¬ 

put parameters are given in three columns at the head of the page, and cost in¬ 
put appears in the fourth column. Outputs are grouped by block, with block 
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Fig. 36—Operating Cost Model 

(OCMODL) 

speed, block distance, block fuel, and block time shovn on the left. Under the 
block data is shown the total cost for that block in dollars per mile, dollars 
per seat-mile, and dollars per trip. Under “Direct Operating Cost* we have 
the first total, then the five-item breakdown of the total (crew, fuel, insurance, 
depreciation, and maintenance); and, finally the five-item breakdown of mainte¬ 
nance costs. Under “Indirect Operating Cost" we have the total and a ÎO-item 
breakdown. These 10 items refer to different cost components in the various 
methods, and some methods do not require all ten columns. All output is given 
in the three basic measures: dollars per mile, dollars per seat-mile, and dol¬ 
lars per trip. If a development cost is given as input, the hourly royalty charge 
is shown just below the Direct Operating Cost lines, and the royalty is added in 
appropriate units to the total DOC and total overall costs 
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The two programs described provide an effective method of estimating 
SST operating costs and furnish a means for comparing these costs with those 
of subsonic jets. The programs presented are designed for flexibility and can 
handle trade-offs of many parameters. The flexibility of the MESST Program 
allows analysis of restricted flight operations that require varying portions of 
the cruise to be performed at subsonic speed. 

Sufficient detail is provided in OCMODL to determine the specific areas 
of cost that are affected when a parameter is varied and the magnitude of the 
change (see Fig. 36). Seven methods of analysis, designed as subroutines 
operating with a common data bank, are available in OCMODL. Parameters 
that are common to several methods will represent the same value each time 
they are used. 
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