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PREFACE

The Oceanic Area System Improvement Study (OASIS) was conducted in
coordination with the "Committee to Review the Application of Satellite
and Other Techniques to Civil Aviation (also called the Aviation Review
Committee or the ARC).'" This study examined the operational, technolog-
ical, and economic aspects of the current and proposed future oceanic
air traffic systems in the North Atlantic (NAT), Caribbean (CAR), and
Central East Pacific (CEP) regions and assessed the relative merits of
alternative improvement options. A key requirement of this study was to
develop a detailed description of the present air traffic system. In
support of this requirement, and in cooperation with working groups of
the Committee, questionnaires were distributed to the providers and
users of the oceanic air traffic systems. Responses to these question-
naires, special reports prepared by system provider organizations, other
publications, and field observations made by the OASIS staff were the
basis for the systems descriptions presented in this report. The
descriptions also were based on information obtained during Working
Group A and B meetings and workshops sponsored by Working Group A. The
information given in this report uocuments the state of the oceanic air
traffic system in mid 1979,

‘ In the course of th work valuable contributions, advice, data, and
opinions were received f..m a number of sources both in the United States
and outside it. Valuable information and guidance were received and
utilized from the International Civil Aviaiton Organization (ICAO), the
North Atlantic Systems Planning Group (NAT/SPG), the North Atlanmtic
Traffic Forecast Group (NAT/TFG), several administrations, the Interna-
tional Air Transport Association (IATA), the airlines, the International
Federation of Airline Pilots Association (IFALPA), other aviation asso-
ciated organizations, and especially from the "Committee to Review the
Application of Satellite and Other Techniques to Civil Aviation."

It is understood of course, and should be noted, that participation-
in this work or contribution to it does not imply either endorsement or
agreement to the findings by any contributors or policy agreement by any
administration which graciously chose to contribute.
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1.0 Introduction

The Flight Cost Model (FCM) is a set of computer programs prepared
especially for the OASIS project to estimate flight operating costs. The
FOM was used to simulate the operation of the present North Atlantic
Region (NAT) Air Traffic Services (ATS) system and several other system
operating alternatives (representing alternative sepsration minima) on a
representative July (peak) day and a representative November (off=-peak)
day in 1979 (baseline year), and with traffic forecast to 1984 and 2005.
The July sample day operation in each of the three sample years was simu~
lated for eight system alternatives. The November sample day in each
year was simulated only for the present system (60-120umi/l5min/2000ft
separation minima) for comparison purposes.

(Note: References to separation minima describe systems relative
to the nominal longitudinal minimum corresponding to the Mach number
technique; e.g., the 60nmi lateral/lOmin longitudinal/2000ft vertical
separation minima system refers to the 10 min Mach number technique
longitudinal separation requirement. However, in all runs of the FCM,
the non-Mach number technique separation minimum is assumed to be 5 min
greater than the nominal separation indicated. In the previous example,
a 15 min minimum is applied by the FCM to aircraft not qualifying for
. the Mach number technique in the nominal 60nmi/10min/2000 ft system.)
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2.0 FCM Operation

FCM input statistics were based on data describing actual opera-
tions obtained for the July 1979 and November 1979 sample days and
forecasts of future traffic loadings. The sample day data include:
meteorological information (wind speed and direction and temperature by
grid and altitude based on computer tapes obtained from the US National
Weather Service); traffic distributions by origin~destination airport,
departure time and aircraft type (obtained from published schedules and
statistics specially provided by ATS units); planned landing weights
(provided by airlines), aircraft fuel burn/ weight/altitude performance
relationships (provided by airlines); and aircraft operating cost data
(provided by IATA, ATA and published material). The major input data
items relating to traffic and cost characteristics are tabulated in
Appendix A.

The FCM simulated the various types of flights active in the NAT
upper airspace including air carrier, military and general aviation
flights. As part of the simulation process, the FCM developed flight
plans for each flight based on planned landing weight, weather, route
constraints and flight performance characteristics. The FCM then
tracked each flight through domestic and oceanic airspace from takeoff
to landing, modeling the maintenance of separation minima and conflict
resolution actions (i.e., divarsions and delays), and estimated the fuel
burn, flight time and associatad fuel, crew and maintznance-accrual
costs. Representative flight performance characteriscics for the fol-
lowing aircraft classes were based on the data provided by airlines and
aircraft manufacturers: B747, DC10, L1011, B707, DC8, B747SP and two
proposed future aircraft, a B747 stretch (ST) and a new long narrow body
(NEW1) aircraft. Flight performance characteristics for certain other
aircraft including air carrier (i.e., mostly IL62 and a few VC10, B720
and DCY9 types), military and gencral aviation aircraft were not provided
and fuel and time costs for these aircraft were not estimated by the
FCM; B707 and B727 flight performsnce characteristics, as appropriate,
were used to simulate the flight profiles of these non-costed air
carrier types, so as to include their contribution to system traffic.
Flight profiles for the military and general aviation aircraft were
based on flight strip data. Fuel prices were based on the fuel charges
reported for the various origin airports. The daily flight cost results
produced by the FCM pertain only to the costed flights (i.e., excluding
IL62, VCl10, B720, DC9, military and general aviation aircraft) and
therefore are slight underestimates of the air carrier direct operating
flight expenses for fuel, crew and maintenance. The traffic distri-
bution is shown in Table 1.
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Table 1

NAT TRAFFIC COMPOSITION, JULY SAMPLE DAY

Traffic Loading

| 1979 1984 2005

Total Number of Flights 728 822 1294
Air Carrier 947 95% 97%
Military 4% 47 22
General aviation 22 1z i 4
Number of Air Carrier Flights 685 779 1251
Costed air carrier 96% 96% 97%
Number of Costed Air Carrier Flights ' 656 751 1219
Wide body costed air carrier 50% 762 952

The traffic loading data is based on growth factors developed
by the traffic forecasting workshop convened by the Aviation
Review Committee and documented in reference 3. Also, see
gsection 4.1 of this report for an introductory description of
the area and traffic flows covered.
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3.0 Results and Analysis
i 3.1 Introduction

' The remainder of this report summarizes the FCM cost results with
emphasis placed on the flight cost and operating differences among the
eight system alternatives. Supporting data are included in Appendix B.

3.2 Overall Costs

The FCM was used to simulate three modes of flight operation:
ideal, planned, and actual (i.e., standard) procedures. The FCM ideal
flight mode estimates the flight costs that would be experienced if each
aircraft were to fly an approximately optimum flight path from takeoff
to landing. The ideal rlight mode simulates an operational situation in
which flights are not constrained by OTS routing requirements and are
not constrained by lateral and longitudinal separation minima. However,
because of limitations due to the FCM program structure and data input
complications, ideal mode flights are assumed to fly step-climb profiles
(not cruise-climb) subject to 1000ft ver:iical separation requiremeiits
and hemispheric-type flight rules. The hemispheric rules assume aiter-
nating direction of flights on successive flight levels (i.e., all east-
bound f;ights are separated by 2000ft with a westbound f£light level in
becween).

The FCM planned flight mode estimates the flight costs that would
occur if each aircraft were to follow its preferred flight plan. The
planned flight mode assumes that ATC routing and hemnispheric altitude
constraints are in effec: but that the longitudinal separation minima is
not applied.

The FCM actual flight mode estimates the costs that would be exper-
ienced in the real world where separation minima are applied and stan-
dard operating procedures are followed. The actual mode assumes that
flights would be diverted or delayed to resolve potential violations of

: separation minima.

The ideal run of FCM represents a nearly unconstrained (unlimited
capacity) flight capability; the planned flight run represents a theo-
retical conflict-free organized track system where separation standards
are arbitrarily small; and the actual flight run represents potential
conflicts and their resclution,
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The FCM overall NAT cost results for the July sample day are sum-
marized in Table 2 which shows the estimated daily fuel, crew and main-
tenance-accrual cost totals for all costed aircraft for each system
operating alternative in each sample year. The corresponding daily
average costs per flight are also shown. The flight costs are based on
estimated fuel, crew and maintenance prices in effect in mid=1979 (see
Appendix A). The daily cost data shown in Table 2 are in 1979 US
dollars (i.e., 1979 prices are assumed in future years). For comparison
purposes, the cost data shown for future years do not include;inflation
effects and are not discounted to their 1979 present value. Hote that
all dollar amounts in the text of this report are in 1979 US dollars.

The operating alternative designated 60nmi/1lOmin/1000%ft, which
represents a scenario with 1000 ft vertical minimum separation in the
NAT oceanic area and 2000 ft elsewhere, was run only for the July 1979
sample day. Cost figures shown for 1984 and 2005 in Tables 2, 3 and 4
are extrapolationa.

The ideal flight mode results show that the theoretical minimum
daily flight cost regardless of system operating alternative is US$ 11.0
million in 1979 and increases to $13.7 million in 1984 and $29.3 million
in 2005. The increase is due to the 86 percent increase in costed
traffic over the 27 year period as well as a change in fleet mix. The
wide body aircraft proportion of costed traffic increases from 50 to 95
percent over the 1979 to 2005 time period and causes the ideal average
flight cost to increase from US$ 16.77 to 24.06 (thousands) per flight

. over the same period.

The planned flight mode requires aircrait to fly established tracks
and route systems in areas where chey exist and random tracks else-
where. The resulting planned costs are affected by route geometric
design constraints due to lateral and vertical separation minima, navi-
gation aid locations and airspace reservations as well as by the proce-
dures used to define track locations. The OTS planned costs, for
example, if actually flown, would depend on the accuracy of the meteoro-
logical data and methods used to set the tracks each day. The planned
costs also are affected by aircraft operator flight planning techniques
and practices (including anticipation of step climbs, diversions, and
deiays) and the accuracy of the meteorological forecast data. The
actual flight costs include the nlanned costs and the additional costs
caused by necessary ATC intervention (e.g., diversions ard delays),

The FCM estimates of planned and actual costs are based on a
modeled airspace environment in which the separation minina (and asso-
ciated ATC diversior. and delay strategies, OTS tracks and general route
network structure) and the traffic loading (including flight frequency
and aircraft type distribution) can be changed from one run to another.
The meteorological conditions are held constant for all flight planning
and tracking runs as are the flight planning and cperating practices.
All flight plans are based on a mirimum fuel burn objective and step
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climb procedures are followed; cruise climb is not allowed. Therefore,
comparisons of FCM costs across systems reflect changes in separation
minima and comparisons from one year to another reflect changes in
traffic loading.

3.3 Theoretical Cost Penalties

Because the lowest flight cost attainable under ideal circumstances
is that represented by the ideal cost, the cost differences between the
ideal cost and the planned and actual costs represent the maximum
possible cost penalties that theoretically could be avoided by any
system improvements for each of the two different modes. These cost
penalties for the July sample day are shown in Table 3 which presents
the total cost difference between planned and ideal costs and between
actual and idezl costs. Recall that the costs shown are not inflated
and not discounted for comparison purposes.

The Table 3 data indicate that the potential cost differences asso-
ciated with planned costs are a majority of the total flight cost
penalty. For example, the data for the 60nmi/1l0min/2000ft system in
1984 show that the estimated planned cost difference accounts for 76
percent (US$ 134 thousand) of the difference between ideal and actual
daily costs ($176 thousand). Note that the planned cost proportion of
total cost generally decreases in later years, and lowest cost penalty
in each year is associated with the 1300 £t vertical separation minimum.

These results indicate that significant savings could be obtained
by alleviating the operational conditions that contribute to the planned
cost penalties. However, the planned costs are highly dependent on the
basic route structure; and any option that would eliminate forwmal routes
in a dense traffic corridor such as the OTS would require revolutionary
advances in ATC automation. Plaaned cost penalties also may be reduced
by some amount through improvements in planning procedures, meteoro-
logical forecasting, OJTS alignment practices, and route system geometric
design. The route system geometry depends on separation minima; the
implications of reduced separations on planned costs &3 well as actual
are addressed below.

3.4 System Cosc Comparisons

In the real world environment, reductions in planned cost penalties
are possible by establishing new tracks and routes and providing more
cruise flight levels. Additional routes created by closer lateral
spacings of tracks would provide a greater choice in flight track plan-
ning and would enable aircraft to operate closer to their optimal
tracks. Similarly, additional legal altitudes created by closer ver-
tical spacing of flight levels would provide a greater flexibility in
flight level selection and step climb opportunities and would enable the
aircraft fligh: profiles to approximate more closely their optimum
cruise climb profiles. These improvements would be obtainable through
improvements allowing reductions in the lateral and vertical geparation
minima, simulated as operational alternatives in the FCM runs.
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[ S S W S 4



b
g
b

T e a9 € e

In addition to the planned cost penalty component, the actual dost
penalties addressed by FCM include those agsociated with ATC interveén-
tion. The magnitude of the ATC intervention cost depends on two
factors: the frequency of detected violations of separation minima
(i.e., potential conflicts),and the severity of the diversions and
delays required to resolve potential conflicts. Clearly, the frequency
of potential conflicts would be reduced by reductions in separation
minima. In the case of the alternative systems modeled, potential con-
flict frequency reductions due to reducing vertical separation minima
show up as a reduction in planned cost penalties. However, longitudinal
and lateral separation minima reductions would contribute to the actual
cost savings through fewer potential conflicts in the horizontal plane,
Also, the availability of more tracks and altitudes for flight planning
would tend to reduce the concentration of aircraft on particular flight
paths.

The improved track and altitude capacity provided by reduced
lateral and vertical separations would reduce the actual cost of diver-
sions caused by potential conflicts. The reduced longitudinal separa-
tion would provide additional usable fime slots that could be used by
diverted aircraft, could reduce delay time requirements, and could
provide more and better merge oppoctunities.

The impact of separation minima reduction is shown in Table 4 which
presents the difference in daily flight costs between the current
60-120nmi/15min/2000ft system and each of the other six system alterna-
tives for the July sample day. The planned flight cost reductions for
each of the six alternatives are calculated relative to the current
system planned cost; the actual cost reductior.3 are calculated similarly.

The allocation of cost reductions between planned cost and actual
cost savings reflects the impact of track and altitude compaction and
longitudinal separation reduction, respectively. The planned costs show
insignificant reductions from implementation c¢f the 60NMI lateral spac-
ing, regardless of longitudinal separation. The 60nmi sys-em does not
provide as dramatic a geometric redesign potential relative to the
current 60-120mmi composite system as do the 30nmi lateral and 1000ft
vertical options. The redesign potential is damonstrated in 1984 by the
$13 thousand daily planned cost reduction relative to the 60-120nmi/
15min/2000ft when lateral spacings are halved and by the $57 thousand
reduction when vertical spacings are halved everywhere. Note that the
maximum actual cost reductions shown in Table 4 are attained by the
&0nmi/10min/1000ft system and are $83, $107 and $260 thousand in 1979,
1984 and 2005 respectively. The lateral reduction impact on planned
cost accounts for 24% ($13 thousand in 1984) of the wmaximum actual cost
reductions ($55 thousand in 1984). A vertical (in lieu of the lateral
reductioa) impact in planned cost reduction accounts for 53% ($57
thousand in 1984) of the total reductions achievable ($107 thousand in
1984). Changes in the longitudinal separation minima do not generate
planned cost reductions.

11
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The relationship among the various reduced longitudinal, lateral
and vertical separation minima simulated is demonstrated by succeassive
reductions in actual cost as separation minima are reduced. Of the
various system operating alternatives, the 60nmi/10min/1000ft system
shows the greatest daily actual cost saving in each year ($83, $107 and
$260 thousand in 1979, 1984 and 2005 respectively). In general, the
actual daily cost savings achievable by-halving vertical separations are
greater than twice those achievable by halving lateral separations. In
all cases where lateral and vertical separations are fixed, some cost
savings are obtained by longitudinal minimum reduction. However, the
impact of longitudinal reductions are proportionately less as lateral
and vertical minima are reduced. For example, in 1984, a reduction of 5
min in the longitudinal minima produces 136, 25 and 7 percent greater
reductions in daily flight cost in the 60nmi/x/2000ft, 30nmi/x/2000fc,
and 60nmi/x/1000ft systems, respectively.

3.5 Seasonal Cost Variations

The FCM was applied to a November sample day for the years 1979,
1984 and 2005 using the present 60-120nmi/15min/2000ft as a basis for
comparing cost magnitudes by year.with those of the July sample day.
The number of costed flights in each November sample day is 68 percent
of that in the July sample day and the daily cost summed over all
flights is correspondingly less than in July as shown in Table 5. The
November 1979 sample day flight cost is 74 percent of the July 1979
daily cost, but the daily average flight cost is greater in the November
than the July 1979 sample day. This increased cost per aircraft in
November versus Jaly 1979 is attributed in part to the difference in the
daily meteorological condition and associated OTS setting and in part to
the slight difference in fleet composition; 60 percent of the November
sample day costed traffic is composed of widebody aircrafc as opposed to
50 percent in July. However, by the year 2005 the proportion of wide
body aircraft in November is the same as July (i.e., 95 percent). By
the year 2005, the July daily average cost per flight becomes greater
than that of November. Congestion penalty costs may contribute to this
situation.

3.6 Traffic Opecations
The impacts of the gystem changes on track and altitude utilization

and diversions, step climb requests and clearances, longitudinal spacing
distributions and relaied operational data are presented in Appeadix C.
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Table 5

FCM COST COMPARISONS FOR NOVEMBER AND JULY SAMPLE DAY
BASED ON 60-120/15/2000 SYSTEM OPERATION

Daily Daily Average
Flight Cost Flight Cost
Sample Number of (Thousands of (Thousands of 1979 US
Day Costed Flights 1979 US Dollars) Dollars per flight)
- July 1979 656 11,158 17.01
¢
L November 1979 449 8,204 18.27
; July 1984 751 13,904 18,51
1’ November 1984 512 9,760 19.06
5 July 2005 1,219 29,790 24,44
. November 2005 830 19,548 23.55

13




APPENDIX A
FCM INPUT DATA-~SUPPLEMENTAL INFORnATION

= Appendix A presents in part the traffic loading, cost rate and OTS
Il description data that were used for inputs into FCM. Tables A-l1 and A-2
present the current and forecasted traffic distributions by aircraft
type and origin and destination flow pattern. Fuel prices and crew and
maintenance cost rates are shown in Tables A-3 and A-4. The fuel prices
shown in Table A-3 are the fuel charges reported for each of over 100
origin airports for February 1979; these prices were inflated by an
additional 29% in the FCM applications to represent mid-1979 fuel costs.

The two OTS alignments used on the July sample day are shown in
Figures A-1 and A-2 for the current system and the corresponding OTS
alignments assumed for the system alternatives are shown in Figures A-3
through A-8. The OTS alignments usec on the November sample day are
shown in Figures A-9 and A-10 for the current system. The assigned
directions of flight shown for each track in Figures A-l through A-10
are the actual and assumed published fligh:t level assignments; standard
hemispheric separation rules are assumed to be in effect at other flight
levels.
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Table A-1
DISTRIBUTION OF FLIGHTS BY AIRCRAFT TYPE

Daily Number of Flights

: AIRCRAFT TYPE JULY NOVEMBER JULY NOVEMBER JULY NOVEMBER JULY NOVEMBER
3 B707 186 93 79 47 7 3 2 3
B727 43 24 55 26 56 33 55 35
B747 204 162 295 205 468 304 536 369
a5 DC10 89 70 153 105 176 136 132 104
- DC8 96 64 5 40 4 1 0 0
GEN AV 12 13 1z 13 12 13 12 13
L1011 34 52 111 87 150 107 132 95
MILITARY 31 30 31 3c 31 30 31 30
B747SP 4 7 3 10 2 17 2
B747ST 2 3 108 60 339 194
NEW1 o 0 0 6 4 8
NOoco* 29 27 27 23 30 23 32 23
TOTAL ALL 728 522 823 579 1,058 721 1,296 896
TOTAL COSTED' 656 449 751  S1z 983 655 1,219 830

*
Non-costed aircarrier (IL62, VCl10, B720, DC9).
Excludes NOCO, General Aviation and Military aizcraf:t.
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i Table A-3
tq ESTIMATED FUEL PRICE BY ORIGIN AIRPORT, FEBRUARY 1979
L.
- AIRPORT FUEL PRICE AIPRPORT LOCATION
. coDz ($/1000LB)
i AGP 80.97 MALAGA, SPAIN
AMM 108.70 AMMAN, JORDAN
AMS 73.55 AMSTERDAM, NETHERLANDS
ANC 71.03 ANCHOPAGE; ALASKA, USA
ANU 75.94 ANTIGUA, WEST INDIES
ARN 70.59 STOCKHOLM, SWEDEN
ATH 85.40 ATHENS, GREECE
ATL 71.03 ATLANTA, GA, USA
AUA 75.94 ARUBA, NETH. ANTILLES
BAL 71.03 BALTIMORE, MD. USA
BAQ 75.94 BARRANQUILLA, COLOMBIA
BCN 76.47 BARCELONA, SPAIN
BDA 71.03 BERMUDA
BEL 101.34 BZLEM, BRAZIL
BCL 75.94 BARBADOS, BARZADOS
BGO 77.25 BERGEN, NORWAY
BGR 1.03 BANCOR, ME. USA
BOG 75.94 BOCOTA, COLOMBIA
BOS 7'.03 B0STON, MASS. USA
BRU 79.34 BRUSSELS, BELCIUM
CAL 111.34 CAIRO, ECYPT
CAY 75.94 CAYENNE, FR. GUIANA
ccs 75.94 CARACAS, VENEZUELA
CDG 78.93 PARIS, FRANCE
CGN 80.37 COLOGNE, REP. OF GEKMANY
CMN 98.13 CASABLANCA, MOROCCO
CPH 77.00 COPENHAGEN, DENMARK
CUR 75.94 CURACAO, NETH. ANTILLES
DEN 71.03 DENVER, COLORADO, USA
DFW 71.03 DALLAS/FT. VORTH, TEXAS, USA
DHA 66.33 DHAHPAN, SAUDI ARABIA
DKR 95.37 DAKAR, SENECAL
DTW 71.03 DETROIT, MICHIGAN, USA
EWR 71.03 NEW YORK, NY-NEWARK ARPT., USA
EZE 86.48 BUEANOS AIRES, ARC-EZEIZA ARPT.
FCO 83.63 ROME, ITALY
FDF 75.94 FORT DE FRANCE, MARTINIQUE
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] Table A-3 (Continued)
. FPO 75.94 FREEPORT, BAHAMAS
FRA 80.91 FRANKFURT, REP. OF CERMANY
GEN 77.25 OSLO, NORWAY
GIG 101.34 RIO DE JANEIRO, BRAZIL
GOT 70.59 GOTHENBURG, SWEDEN
GVA 85.28 GENEVA, SWITZERLAND
HAM 83.32 HAMBURG, REP. OF GERMANY
HAV 75.94 HAVANA, CUBA
HEL 87.60 EELSINKI, FINLAND
IAD 71.03 WASHINGTON, D. C. USA
IAH 71.03 HOUSTON, TEXAS, USA
JFK 71.03 NEW YORK, NY, USA
KEF 78.38 REYKJAVIK, ICELAND
KIN 75.94 KINGSTON, JAMAICA
KOK 87.60 KOKKOLA, FINLAND
LAX 71.03 LOS ANGELES, CALIFORNIA, USA
LCW 75.93 LONDON, ENGLAND
LHR 73.20 LONDON, ENCLAND
LIM 111.60 LIMA, PERU
LIS 107.39 LISBON, PORTUGAL
; LUX 79.34 LUXEMBOURC, LUXEMBOURG
. LYS 84.64 LYON, FRANCE
MAD 77.04 MADRID, SPAIN
. MAN 78.38 MANCHESTER, ENCLAND
: MBJ 75.94 MONTEGO BAY, JAMAICA
# MCI 71.03 KANSAS CITY, MO., USA
- MEX 55.52 MEXICO CITY, MEXICO
X MIA 71.C3 MIAMI, FLA. USA
' MXP 101.67 MILAN, ITALY
; NAS 75.94 NASSAU, BAHAMAS
}_ ORD 71.03 CHICAGO, ILL., USA
‘ - ORY 78.57 PARIS, FRANCE
t PAP 75.94 PORT AU PRINCE, HAITI
3 PBM 75.94 PARAMARIBO, SURINAM
{ PHL 71.03 PHILADELPHIA, PA., USA
s PHX 71.03 PHIONIX, ARIZONA, USA
- PIK 75.93 GLASGOW, SCOT.
1 POS 75.94 PORT OF SPAIN, TRINI.& TOB.
- PRG 97.56 PRAGUE, CZECHOSLOVAKIA
PZA 79.68 PISA, ITALY
19
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RBA
REC
ROB
scQ
SDQ
SEA
SFJ
SFO
SID
SJU
SMA
SNN
STR
STX
SVo
SXM
TER
TFS
TLV
UAK
u10
UVF
VCP
WAW
YEC

MX
YOX

WG
YYC
YYZ
ZAG
ZRH

Table A-3 (Continued)

75.94
98.13
101.34
87.27
77.04
75.94
71.03
78.38
71.03
95.37
75.94
80.97
73.76
81.92
75.94
80.36
75.94
88.46
79.62
98.49
78.38
73.94
75.94
99.84
82.50
65.51
64.32
64,32
64.32
66.51
59.09
66.51
59.09
81.78
82.62

POINTE A PITRF, CUADALOIPE
RABAT, MOROCCO

RECIFE, BPAZIL

MONROVIA, LIBERIA
SANTIACO, SPAIN

SANTO DOMINGO, DOM. REP.
SEATTLE, VASH., USA
SONDRESTROMFJORD, GREENLAND
SAN FRANCISCO, CA., USA
SAL ISLAND, CAPE VERDE IS.
SAX JUAN, PUERTO RICO
SANTA MARIA, AZORES
SHANNON, IRELAND
STUTTCART, REP. OF GERMANY
ST. CROIX, VIRCIN IS.
MOSCOW, USSR

ST. MAARTEN, NETH ANTILLES
TERCEIRA, AZORES

TENERIFE, CANARY IS.

TEL AVIV, ISRAEL
NARSSARSSUAO, CREENLAND
QUITO, ECUADOR

ST. LUCIA, W.I.

SAO PAULO, BRAZIL

WARSAW, POLAND

EDMONTON, CANADA

HALIFAX, CANADA

MONTREAL, CANADA

GANDER, CANADA

VANCOUVER, CANADA
WINNIPEG, CANADA

CALGARY, CANADA

TORONTO, CANADA

ZACREB, YUGOSLAVIA
ZURICH, SWITZERLAND
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b_ Table A-4

CREW AND MAINTENANCE COST RATE

% Aircraft Crew Cost Maintenance Cost
] Type (1979 $/hr) (1979 $/hr)
2 B747 647 528

E".'i DC10 563 442

3 L1011 534 422

'J B747SP 872 99

- DC8 473 414

g B707 341 500
B727 341 128

W B747ST 841" 686"

3 NEW1 443t 650t

. .
307 greater than 3747 based on passenger seat growth.

t302 greater thar 3707 based on passenger seat growth.
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gastbound FL Track ¢ Westbound FL q
62°N 310,330,330 ]
H60° -
i |
i
bsa* .
i
330,350, 35
310,330,350, 3%
Fo6° — -
310,330,350 ")0
Lo 310,330,350, 5% ]
520 ;
L 4
310,350
Lso° 310,350 .
310,350
. 310,350 1
310,330,350,370
s / 3 310,330,350,370 4
/ 38 351,350,370
I / <4
6° 39 310 )
]
- -
pos® 4
P / | ;
e - 1
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0 50° 40 10°v
i 2 i
Pigure A-6. 30 n=i1/2000 ft Westbound OTS, July Sample Dey
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_ Appendix B
FCM Flight Cost Results -- Supplemental Information

 - B.1 General
|

This appendix presents FCM preliminary results describing traffic
loadings, FCM planned flight costs, FCM actual flight costs, daily
flight costs relative to the baseline system (60-120 nmi/15 min/2000 ft
system), and FCM actual flight costs relative to ideal costs for the NAT
for the July sample day. In addition, results showing the sensitivity
of flight costs to clearance strategy and step climb communication delay
time are presented. The data presented are estimates produced by the
FCM simulation and are not data reports of real-world operations.

v

B.1.1 Special Note

The operating system alternative denoted by 60nmi/1l0min/1000*ft
simulates halving the vertical separation minimum to 1000ft in the NAT
oceanic area alone, and leaving it at 2000 ft in domestic airspace and
in the other oceanic CTA/FIR's which became indirectly involved in the
study. As mentioned earlier, this system alternative was simulated for
the July 1979 sample day only; therefore cost breakdowns are not avail-
able for 1984 or 2005.

L . B.2 Traffic Loadings--July Sample Day

R The daily number of costed flights which were analyzed by the FCM
- for the sample July day ir 1979, 1984 and 2005 are shown in Tables B-l,
b‘ B-2, and 3-3, respectively. For each year, the numbers of OTS and non-

OTS flights in each origin-destination flow for each of the eight separ-
ation cases are shown.

To miniwize computer costs, flights between origin-destination
(0-D) pairs which always or nearly always use the OTS were constrained

# to plan a flight on thea track system. Flights between 0-D pairs which do
. - not generally use the track system or use the track system only some-
" times were allowed to choose aa OTS or a random ~racle in searching for a

minimum fuel plan.

- For this reason, a flight could choose to use the OTS in jne case
F‘ and not in another. Hence, some variation in the numbers of 0TS and
. non—~UTS flights might be expectec. However, &8 seen from these tables,

very little variation actually occurred.
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In comparing Tables B-1, B-2, and B-3, it is seen that the number
of flights increases into the future. In addition, the mix of aircraft
is different for the 1979, 1984 and 2005 schedules. Future schedules
are composed of a greater proportion of the larger widebody aircraft.
Hence the average aircraft size increases with time.

B.3 Planned Flight Costs-=July Sample Day

Tables B~4, B~5, and B-6 show the planned daily flight costs by
flow for each separation case for 1979, 1984, and 2005, respectively,
for the July sample day. These costs are shown on a total and on a per
flight basis. The costs are those that would be incurred if all flights
were permitted to fly their flight plans. OTS constraints are imposed on
flight plans as appropriate. Flights may not plan to cross the track
system at OTS altitudes (i.e., between flight levels 310 and 370).
Flights may plan to join or leave the northernmost and southernmost
tracks at OTS flight levels. Also, flights may plan to join the track
system from flight levels above or below the OTS. Flights are free to
choose step climbs with the only constraint being that they must be
planned at position fixes (generally 10 degrees of longitude apart).

Since flight planning is irdependent of longitudinal separation,
the planned costs are the same for cases with the same lateral and ver-
tical separations. As is expected, the planned costs decrease for
reduced lateral or vertical separations. In general, a greater reduc-
tion in planned costs is realized in decreasing vertical separations to
1000 feet than reducing lateral separation to 30 nmi from the 60
nmi/ 2000 feet separation case.

One might expect that planned flight cost for the 60 nmi/2000 feet
cases would be less than or equal to those for the 60-12C nmi/2000 feet
case. As can be seen from Tables B-4, B-5, and B-6, this is not true in
&ll cases. For example, in 1979 the planned flight costs for the
60/2G00 cases are greater than those for the 60-12G/2000 case for the
Europe-Mid North America and Europe-Iceland flows. These results are
due to two causes. Firstly, the 60-120/2000 OTS consisted of composite
tracks with even and cdd flight levels, while the 60/2000 OTS had only
odd flight levels. This difference in flight levels may be advantageous
to some flights and detrimental to others. Secondly, the envelope of
the OTS (i.e., the airspace between the northernmost and southenmost
tracks) was slightly larger Zor the 60/2000 case. This incr-.r2
occurred because the European ocean entry point of the northermmos:
track for the westbound track setting was 60 nmi further north for the
60/2000 case (and all other cases) than for the 60-120/2000 case. This
change in track position was advantageous to some flows (e.g., the
Scandinavia-North America flow) and disadvantageous to other flows
(e.g., the Europe-Mid North America and Europe-Iceland flows).
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areater for larger aircraft.

As can be seen by comparing Tables B-4 through B-6, planned daily
flight costs increase with time. This is because the number of flights
grows with time and the average cost per flight increases with time
since the average aircraft size is larger in future years.

B.4 Actual Flight Costs--July Sample Day

The FCM estimated actual daily flight costs by flow for each separ-
ation case for 1979, 1984, and 2005 for the sample July day are shown in
Tables B-7, B-8, and B-9 respectively. These tables are analogous to
the previous three tables, except that the costs shown in these tables
include the costs of diverting from the flight plan to resolve potential
conflicts with other aircraft in order to insure adequate separations
and adherence to procedural rules.

Comparison of the actual costs with planned costs indicate that
actual costs are at least as great as planned costs. This is expected
because there would generally be a cost penalty associated with diver-
sions from the flight plan.

As in the case of the planned flight costs, the actual flight costs
will generally increase in future years since the number of flights and
average size of aircraft increase. In addition, the difference between
planned and actual flight costs in future years should be expected to
increase since the absolute cos: penalty for a diversion generally is

B.5 Actual Flight Costs Relative to the Baseline System--July Sample Day

Table B-10 shows the actual daily flight costs for each of the
alternative systems relative to the 60-120/15/2000 system for the 1979
July sample day. These costs are provided for each flow on a total and
per flight basis. Analogous costs are provided in Tables B-1ll and B-12
fcr 1984 and 2005, respectively. These cost results indicate the bene-
fit of using an alternative system instead of maintaining the current
120-60/15/2000 system.

One would expect the benefit of the 60/10/2000 system to be at
lesst as great as the 60/15/2000 system, the benefit of the 30/5/2000
system to be at least as great as the 30/10/2000 syste., the benefit of
the 60/10/1000 system to be at leas: as great as the 60/15/1000 system,
and the 1000 feet separation cases :o be &t least as beneficial as their
corresponding 2000 feet separation cases. These expectations hold true
fcr the entire system as well as most of :ihe individual flows.

Reasons why the above generalizatior.s can be expected to be viola-
ted include those presented earlier regacding the differences in legal
altitudes and envelope of the OTS for the 60-120 nmi case versus other
cases. In addition, the order in which aircraft are cleared, aircraft
packiag, and interaction amor.g aircraft vary from case to case. The
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effects of such variation average out over many flights. Hence, the
costs over all flights should provide accurate comparisons. However,
the effects of such variations may not average out over a smaller number
Of flights.

B.6 Actual Relative to Ideal Flight Costs--~July Sample Day

The FCM was used to estimate the cost of operating in an uncon-
strained or ideal flight mode in the 60 nmi/1000 ft system network. For
this ideal case, no track system is in place and no lateral or longitu-
dinal geparation minimum is required. Flights are free to use any
domestic routing. Hemispheric-type flight rules are assumed with all
odd flight levels (290, 310, 330, etc.) legal for eastbound traffic and
all even flight levels (280, 300, 320, etc.) legal for westbound traf-
fic. In Table B-13, differences between the actual and the ideal flight
costs for each case for the 1979 July sample day are shown on a total
and per flight basis by origin and destination flow. Similar costs are
presented in Tables B~14 and B-15 for 1984 and 2005, respectively.

These differences reflect the potential for cost reductions by relaxa-
tion of system and procedural constraints.

The actual flight costs relative to the ideal costs vary as expec-~
ted. The less stringent separation requirements are closer in cost to
the ideal flight mode case. The flows which are forced to cross the OTS
have larger per flight relative costs than those which are served by the

OTs.

One anomaly obvious in Tables B-13 and B-14 is that the ideal
flight cost for the Mideas:/Africa-Caribbean/South American flow is
apparently greater than the actual cost in the 30 nmi lateral separation
cases. This flow consists of a single flight in 1979 and 1984. It hap-
pens that for this particular flight, a lower cost flight plan was
generated for the 30/2000 cases than for the 60/1000 case with hemis-
pheric-type flight levels which was used to approximate an unconstrained
system. This anomaly is to be expected because the FCM estimation of
unconstrained cost provides only an upper bound to the unconstrained
costs.

b.7 Sensitivity Analyses

Table B-16 provides results of FCM sensitivity analyses of flight
costs for the 60 nmi/10 min/2000 ft system for the July sample day. As
seen from these results, tactical control in the entire NAT does result
in a slight decrease in daily flight cost when compared to the standard
operating mode, as described in Table B-16. A decrease in the step
climb communication delay time from 6 minutes to 1 minute results in no
change in daily flight costs. This occurs because the decreased cost of
fuel is offset by the increased cost for crew and maintenance (since
true airspeed decreases as altitude increases at a fixed mach number).
It is expected that the cost sensitivities for other separacion cases
would be similar to those performed for this system.
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B.8 Manual Adjustments

Some of the flights in the Iberia-USA and lberia-Canada flows were
inadvertently constrained by incorrect input data to choose an OTS
flight plan in the FCM computer runs. For the Iberia-USA flow, flights
incorrectly constrained to the track system accounted for 14 of 27
costed flights in 1979, 16 of 32 in 1984, and 25 of 50 in 2005. For the
Iberia-Canada flow, such flights included 2 of 6 costed flights in 1979,
4 of 10 in 1984, and 6 of 14 in 2005. The flight counts and cost counts
and cost data presented in this appendix for these two flows have been
manually adjusted to reflect the results that would have occurred if
these flights had not been constrained to the OTS.

These adjustments include revision of the OTS5 versus non-OTS flight
counts in Tables B-l, B-2, and B~3, and decrementing the planned flight
costs in Tables B~4, B~5, and B~6 by the excess cost of a flight con-
strained to the OTS instead of planning a random flight track. The
actual flight costs shown in Tabies B-7 through B-9 were decremented by

this same amount. The effect of these zdjustments are carried over to
Tables B-10 through B-15.

B.9 FCM Results--November Sample Day

The number cf flighcts, planned cost and actual cost data estimated
by FCM for the November sample day are shown in Tables B~17, B-18 and
B-19. The data in these three tables were adjusted to account for the
Iberia-USA and Iberia-Canada flow constrints discussed above. These
adjustments were made in proportior. to the modifications calculated for
the July sample day. An FCM analysis ol the ideal flight costs for the
November sample day was not performed.
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APPENDIX C

FCM TRAFFIC OPERATIONS RESULTS-~SUPPLEMENTAL INFORMATION

. C.1 General

This appendix presents preliminary FCM results describing traffic
loadings, nceanic entry operations, oceanic operations and oceanic exit
operations in the NAT for the July sample day. The data presented are
entirely FCM produced estimates and are not data reports of actual (real
world) operations.

C.2 Traffic Loadings

The number of aircraft entering each NAT CTA/FIR in each hour of
the July 1979 sample day under the present 60-120nmi/15min/2000 ft
system operation is shown in Table C-1. The corresponding maximum
instantaneous aircraft count (IAC) in each hour by CTA/FIR is shown in
Table C-2. The Gander and Shanwick CTA/FIRs are the busiest areas and
handle about the same daily number of aircraft, but the Gander CTA/FIR
has a greater IAC than the Shanwick CTA/FIR because of the typically
longer flight times that are experienced in the Gander CTA/FIR.

The distribution of the maximum IAC for the entire NAT in each year
by system alternative is shown in Table C-3 for the July sample day.
Note that IAC does not vary significantly by system but increases from
170 aircraft in 1979 to 230 aircraft in 2005. The present and future
IACs by CTA/FIR are represented in Table C-4 using the 60-120 nmi/15
min/2000 ft system; the corresponding November IAC data is included for
comparison.

C.3 Oceanic Entry Operations

The distribution of OTS flight level requests and clearances at
oceanic entry by system are shown in Tables C-5 and C-6 for eastbound
and westbound flights. More than 90 percent of the eastbound traffic
requests entry at and between FL330 and FL370, while about 90 percent
westbound traffic, because of heavier weight at oceanic entry, requests
lower altitudes in the FL310 to FL350 range. Note that comparison with
actual (real world) statistics for the July sample day indicate that the
westbound aircraft weights in the FCM may be higher than normal and that
a slightly higher percent of westbound traffic may typically request
FL370 more frequently than indicacted in Table C-6.
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The entry flight level requests in Tables C-5 and C-6 show a sen-
sitivity to changes in vertical flight level assignments as in the case
where the composite altitudes are eliminated and in the case where the
vertical separation minimum is reduced by one-half to 1000 ft. The 60
nmi/1000 ft systems show a significant redistribution of requests over
the odd and even flight levels as opposed to the odd-only flight levels
of the other systems. The requests for the altitudes above FL370 in the
60 nmi/1000 ft systems are affected by directionality of the hemispheric
vertical separation rules which were assumed.

The distribution of the flight level clearances versus requests are

also shown in Tables C-5 and C-6. The clearance data in Table C-5 for
the case of the present 60-120 nmi/l5 min/2000 ft system, for example,

4" shows that 11.54 percent of the total eastbound OTS traffic receive

p FL350 clearances at entry from among the 17.58 percent that requested

that flight level. The data in Tables C-5 and C-6 indicate that a

. greater proportion of westbound (77.05 percent) than eastbound (54.40

- percent) flights in the present system receive their requested flight

b . level, but that this difference between eastbound and westbound
requested clearance satisfactions is less significant in the other

1 system operations. A general increase in the proportion of requested
clearance satisfactions is shown as separation minima are reduced with
the greatest satisfaction proportion occurring in the 30 mmi/2000 ft
system operation. Table C-7 shows the distribution of OTS flight level
clearances for each direction. These clearances are regardless of
requested flight levels; the figures represent all OTS aircraft cleared
at each flight level no matter what the flight plans requested.

In regard to OTS packing at oceanic entry, Tables C-8 and C-9 show
the preference and utilization distributions for the six most popular
flight paths (as defined by an individual track/flight level combi-
nation) while Tables C-10 and C-11 show the planned and actual pairwise
longitudinal separations (i.e., interarrival times) estimated by the
FCM. These data indicate a general tendency for aircrafc to spread out
their preferences and reduce their competition for individual flight
paths and time slots as more flight levels and tracks are made available
with reduced separation minima. Note that the cases in Table C-1l where

. pairwise aircraft longitudinal separations are less than the normal
X longitudinal separation minimum are due to the application of the Mach
number techniques to a slower following aircraft.

The impacts of changes in separition minima on OTS and non-OTS j
diversions are presented in Tables C~12, C-13 and C-1l4. As is expected, :
the severity of diversions decreases as separation minima are reduced.

] The diversions are least severe in the 30 nmi/2000 ft and 60 nmi/1000 ft
systems and are almost equal in both these systems. In Table C-13, for
example, the proportion of all aircraft cleared to within 60 nmi and
1000 fc of their requested flight path of oceanic entry is about 95
percent for both t:e 30 nmi/20C3 ft and 60 nmi/1000 f. systems.
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The severity of diversions estimated for each origin and destina-
tion flow are shown in Tables C-15, C~16 and C-17 by system for the July
1979 sample day. These data show percentages of aircraft cleared to
within 60 nmi and 1000 ft of their request of entry and the results are
similar to those given in the preceding paragraph.

The data items missing in Tables C-15, C-16 and C-17 (and in sub-
sequent Tables C-21, C~-22, C-29, C-30 and C-31) are due to improper
constraints placed on the Iberia-USA and Iberia-Canada flows. These
flights were inadvertently constrained by incorrect FCM input data to
choose OTS flight plans. As previously noted in Appendix B, the flight
count and cost data presented in this report have been manually adjusted
to reflect the proper results. However, such adjustments in the traffic
operations statistics are not possible. The data presented in other
tables in this appendix include the =Ziects of the inadvertent OTS con-
straint. But, since the Iberia-USA and lberia-Canada flows are not a
major portion cof the NAT traffic, the data presented in the Appendix C
tables should be reasonable representations of the operations.

C.4 Oceanic Operations

The percentage of flights that request one or more step climbs in
the oceanic airspace is tabulated in Table C-18. A significant increase
(15 percent overall) in step climb requests is apparent when the ver-
tical separation minimum is reduced to 1000 ft and reflects the asso-
ciated increase in the number of available flight levels. Differences
between the step climb request percentages among the other systems
(i.e., those with the 2000 ft minimum) are likely due to variations in
the interactive effects between diversions and aircraft weights.

he percentage of individual step climb requests that are approved
are shown in Table C-19 in which a double step climb profile would be
counted as two requests. The approval percentage generally increases as
gseparation minima are reduced, with the 30 nmi/2000 ft system showing
about the same approval rate as the 60 nmi/1000 ft system.

The percent of westbound OTS flights that request step climbs,
shown in Table C-18, may be higher than actual (real world) experience
because of the aircraft weight differences described previously in this
section. However, as shown in Table C-19, the proportion (55 percent)
of westbound OTS step—climb approvals does not.appear to be adversely
affected in relation to those of the eastbound flights (43 percent) in
the present 60-120 nmi/l5 min/2000 ft operation. Also the increase in
the proportion of westbound OTS step climb approvals is roughly similar
to the increase in the eastbound approvals as separations are reduced
(i.e., both eastbound and westbound approvals increase by about 16 per-
cent relative to the present system with the introduction of the 60
nmi/15 min/2000 ft system and by about 30 percent relative to the
present system with the introduction of the 60 nmi/10 min/1000 ft system.
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Table C-20 shows the average time from the instant of a step climb
request to the receipt of approval to climb (if such a clearance is
issued). The time to approval reflects the time from the first instant
of the request and could cover numerous position reports; the FM
rechecks a step climb request at successive positions along the route of
flight if the approval was not granted initially. A 6 min communication
time is assumed as part of the step climb clearance process. Table C-20
indicates a general reduction in the average step climb approval time as
separation minima are reduced.

A measure of the overall efficiency of oceanic operations is shown
in Tables C-21 and C-22 which present the time spent at flight levels
below the requested flight level by origin~destination flow. Table C-21
shows the time spent at 1000 ft and 2000 ft below the requested flight
level. The data shown in Table C-21 for the systems with a 2000 ft
vertical separation minima are representative of the OTS situation.
Hemispheric rules do not apply on the OTS and 1000 ft and 2000 ft alti-
tude diversions are routine. Hemispheric vertical separation rules are
routine on the non~OTS tracks where altitude diversions in steps of 4000
ft occur in the systems with a 2000 ft vertical separation minima.
These effects are included in Table C-22 which shows the time spent at
3000 £t or more beiow the requested flight level. The results shown in
both tables for the 60 nmi/1000 ft system show this system's ability to
provide 1000 and 2000 ft diversions rather than larger ones.

. Cs5 Evit Operations

Data describing exit operations are shown in Tables C-23 through
C-31, which are similar in format and content to the preceding tables.
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Table (-1

NUMBER OF CTA/FIR HOURLY FLIGHT ENTRIES, JULY 1979

CTA/FIR
San
Hourly Period Santa |New | Juan [ Miami
Start Time (GMT) Reykjavik | Shanwick |Gander | Maria | York KNAT) | (NAT)
0000 7 4 21 1 8 5 0
0100 2 11 48 3 16 0 3
0200 1 20 30 7 7 2 0
0300 1 43 34 7 6 3 0
0400 3 37 25 2 6 2 1
0500 3 32 16 2 9 4 0
0600 1 18 5 3 3 2 2
0700 1 17 7 1 2 2 1
0800 3 6 3 0 4 o 0
0900 3 9 6 1 3 0 0
1000 1 16 5 5 0 0 0
1100 4 32 10 1 1 1 0
1200 6 25 16 5 7 0 2
1300 9 36 30 6 16 1 1
1400 6 32 30 5 18 5 4
1500 8 16 46 1 13 4 2
1600 5 11 26 2 14 3 6
1700 2 20 12 2 14 1 3
1800 3 10 12 2 10 1 2
1900 1 4 16 1 3 2
2000 1 2 6 1 3 3
2100 0 3 5 0 15 4 2
2200 2 3 5 2 14 5 4
2300 3 3 4 1 15 2 1
TOTAL 76 410 419 61 (216 |53 39
61
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Table C-8
1979 OTS ENTRY TRACK/FLIGHT LEVEL
PREFERENCE SUMMARY, JULY SAMPLE DAY

Percent of OTS Daily Flights Requesting
Track/Flight Level Indicated

60-120 NMI 60 30 60
Track/Flight Level 15 Min X X X
at Entry 2000 Ft 2000 2000 1000

1st Most
2nd Most
3rd Most
4th Most
5th Most
6th Most

1st Most
2nd Most
3rd Most
4th Most
5th Most
6th Most

Eastbound Flights

Preferred 22
Preferred 19
Preferred 11
Preferred 5
5
4

iy

Preferred
Preferred

Preferred 1
Preferred 1
Preferred 1
Preferred
Preferred
Preferred
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Table C-9

1979 OTS ENTRY TRACK/FLIGHT LEVEL
CLEARANCE SUMMARY, JULY SAMPLE DAY

. 1
Per:ent of OTS Flights C’eared cn
Track/Flight Level Indicated

T e

PO NP ISP D R W AU I P S

60-120 NMI 60 60 30 30 60 60 60
Track Flight Level 15 Min 15 10 10 5 15 10 10
at Entry 2000 Ft 2000 2000 2000 2000 1000 1000 1000%
Eastbound Flights
1st Most Preferred 9.9 10.0 12.2 10.9 14.5 9.9 9.8 10.6
2nd Most Preferred 8.2 8.9 9.9 9.2 9.7 8.8 9.8 8.3
3rd Most Preferred 8.2 8.3 7.7 8.7 8.1 8.2 9.3 7.8
- 4th Most Preferred 8.2 7.2 7.7 8.7 7.5 5.5 6.0 5.6
5th Most Preferred 6.6 7.2 7.2 6.5 7.5 5.5 5.5 5.6
6th Most Preferred 4.9 6.7 7.2 4.9 4.8 4.9 4.9 4.4
Westbound Flights
lst Most Preferred 9.3 11.2 13.3  14.7 18.5 6.6 6.6 7.1
2nd Most Preferred 9.3 10.5 11.2 10.9 14.1 6.0 6.6 6.0
3rd Most Preferred 7.7 8.4 9.8 7.1 7.1 6.0 6.0 4.9
4th Most Preferred 6.6 6.3 7.0 5.4 4.9 5.5 5.5 4.9
S5th Most Preferred 6.6 6.3 6.3 4.9 3.3 3.8 3.8 3.8
6th Most Preferred 6.0 6.3 6.3 3.3 3.3 3.8 3.8 3.8
39
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Table C-10

1979 OTS PLANNED LONGITUDINAL ENTRY
SEPARATION SUMMARY, JULY SAMPLE DAY

Percent of OTS Daily Flight
Requests at Oceanic Entry

70

Longitudinal  60-120 NMI 60 30 60
Separation X X X X
at Entry (Min) 2000 Ft 2000 2000 1000
Eastbound Requests

0-10 40.6 35.6 29.7 36.9
10-15 12.1 13.1 11.0 10.1
15-~20 9.1 8.8 11.0 6.0
20-25 4.8 6.9 5.8 4.0
25-30 3.6 5.0 5.8 6.0

>30 29.8 30.6 36.7 37.0
Westbound Requests

0-10 29.5 25.9 35.6 15.5
10-15 10.1 10.6 11.6 7.4
15-20 5.7 5.3 7.5 7.4
20-25 8.2 7.9 5.5 5.9
25-30 5.7 5.3 3.4 7.4

>30 40.8 45.0 36.4 56.4
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Table C-11

SUMMARY, JULY SAMPLE DAY

1979 OTS CLEARED LONGITUDINAL ENTRY SEPARATION

60
10
1000*

30 60 60
] 15 10
2000 1000 1000

at Oceanic Entrxy
60

10 10
2000 2000

60
15
2000

Rastbound Clearances

Percent of OTS Daily Flight Cleavances

60-120 NMI
15 Min
2000 Fe

Separation
n

st Ent

longitudinal

- @D T
o o o ¢ o o
WOV O OO
-t -l vy
WM g
« » e & » .
VIOV MO
-t -~
NN NN~
e s & o a2
SO NN~
o~
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" s s e o o
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0-10
10-15
15-20
20-25
25-30

>30

Westbound Clearances

0-10
10-15
13-20

>30

20-25
25-30

71




N '
. (1D ]] 00l 001 001 00l 66 66 96 34 000Z/1WN 0TI YIYI|N JO Iy

3 oot ool 66 001 004 66 96 6 14 000Z/1WN 09 Vi3]~ Jo 3y
i 86 86 L6 86 L6 ¥6 68 9L 34 000L/IWN 09 UiYIIM J0 3y
£6 26 06 86 16 s6 6 99 paasenbey gy Iy
. 6 69 ] 68 6L 8 173 i8 pelsanbey el Iy
1] te 9L i3 Ll 9 99 €9 paisanbay “3|y pum ANdeIY IY
. $10 =10t 1
- 00t ool ool 001t 00t 001 66 86 14 000Z/1WN 0Z1 UIYIIM J0 Iy
i -801 001 001 ool ool 00t 86 €6 34 000Z/INN 09 UINI|A JO Iy
. 66 66 66 86 L6 (6 z6 48 34 0001/IWN 09 UIYI A JoO Iy
L 96 96 56 86 L6 96 €6 73 peisenbey “1|v Iy
b - %6 16 06 68 6L 88 6L 98 paisanbay yows) Iy p
x 06 {8 1] {8 LU ' €L y peisanbay 3|y pue ydesy Iy 4
= S10 PUROQISIN ,
oot 00! 66 001 oot 86 g6 56 34 000Z/1WN OZL UIY3Im 0O Jy
001 001 66 001 oot L6 S6 06 34 000Z/INN 09 vIYI[M 40 Iy
L6 L6 96 L6 {6 6 98 69 34 000L/INN 09 YINI|Mm JO 3y
A 6 ig L 1] 14 F19 t6 06 %S paisanbay 3|y Iy
- 06 {8 ¥8 06 08 o oL i paasanbay xowss I¥
» 18 L7 89 {8 u 69 09 41 paisanbay -1y pue ydesy Y
\ $10 punoqisey .
-
. 33 #0001 340000 240000 340002 133 000Z 3J 000Z 334 0002 11 0002 aoueiee)) Kiju)
I Uin 01 UM SL UM § UIN Ot WIW Ot uH St uiM St
. 1N 09 1WN 09 I 09  IWN OF W Of NN 09 1NN 09  1WN 0Z1-09
g POIEI[) JUIDIDG &
‘.. AVO 31dWYS 6461 AWM ‘SEHOITS S10 ¥OJ NOIANGIVASIC NOISU3AIQ A¥INI :

Z1-) o199y




4

66 66 96 %6 6 - 16 06 8 34 000Z/1HN OZ1 Uiy s Jo 3y
66 66 86 ¥6 6 16 06 {8 34 000Z/1WN 09 viyIm so 3Y
16 €6 6 ¥6 6 06 68 sg 14 000(/IWN 09 U{YI|m Jo Iy
68 16 88 ¥6 06 ég {8 €8 poisenbay -3y 3y
001 00) 001 00! ool 00¢ oot Qo1 paisenbay yowsj 3y
68 16 28 v6 06 68 1) 1] P23sanbay 3|y pur yousy 3y
S10 {e301
66 €6 86 46 £6 6 6 {8 14 000Z/1WN 021 vIYI M s0 3y
66 66 86 46 €6 z6 26 {8 34 0002/IWN 09 UiY3I|m o 3y
6 %6 6 ¥6 6 16 06 s8 14 0001/INN 09 UIYI M J0 3y
68 16 88 €6 16 06 88 18 pelsanbay -3y 3y
00t 00t 00t 001 001 004 00t 00t Paisanbay yowsy 3y
68 16 g8 €6 16 06 88 g PIisonbay "¢y pue yoess 3y
S10 punoqisapy
66 66 86 56 06 68 88 98 33 000Z/IMN 0Z1 Y1y M 4o 3y
66 66 86 S6 06 68 89 98 14 000Z/IWN 09 UjYIIM 4o 3y
06 £6 06 Y6 06 68 L8 58 14 0001/1WN 03 Y1Yjn 40 3y
68 6 68 (13 06 68 4] '8 poasanboy 31y 3y
00! 001 001 00t 00t 00{ 001 a0t pa3sanbay yowsy 3y
68 26 68 ¥ 06 6 {8 48 P2isanbay 31y pue yoea) 3y
$10 punoqise3
14 <0001 330001 30001 33 00OZ 34 0002 33 000Z 33 0OOZ 34 0002 durseat) Aiju3
uIN Of uiN 0y uiN §) uin § uiN 01 uIN ot UIN Si uIN S
1HN 09 W09 1NN 09  jun Of IWNOE  im09 109 1w 0zi-n9
Pose3]) JuIding
AVD 34WVS 6261 AN *SIHDIT S10-NON WO4 "NOLLAGINLISIG NOISHIAIG AWING
€1-3 oyqey
C APPSR
< T ey o e - da

e
o, ia ?.!\rl-

COURT S Y Wy

73

HEL STIBTTIND - I



66 001 66 {6 96 $6 L 13 16 13 000Z/1MN OZ1 VIYI(M JO Y
66 ool 66 L6 96 s6 £6 69 34 000Z/1MN 09 VIYIIM JO IVY 4
$6 96 6 96 ¥6 6 68 tg 34 0001/1NN 09 VIYIim 4O IY .
16 16 68 96 46 6 06 " poisanboy "3ty W )
96 %6 €6 S6 06 16 7] 16 paisonbay xowst Iy
ig 98 28 06 1] 1] i €L peasanboy -3iy pue Wdesl Iy :
, tty 17304 )
,. 66 ool 66 L6 96 96 $6 113 14 000Z/71WN 01 VIYIIM 4o 3y
5 66 001 €6 L6 96 96 56 06 14 000Z/IWN 09 UiWIim 1O Ty
. 96 L6 56 9% 56 ¥6 16 "8 33 000L/1WN 09 UIYI N 20 Iy
. 6 €6 z6 S6 46 €6 t6 6L paisanbay ‘v Iy
L6 96 S6 S6 68 19 06 €6 paisanbay yoei) Iy
68 68 98 06 8 i 08 8L poisanbay “3(v pue yoeuy 3y < .
——( puUnOqISIN ~ ._
66 66 66 86 $6 46 €6 06 34 000Z/1MN OZ1 VIYI|M JO Iy
66 (13 86 86 96 £6 16 88 35 D00T/1WN 09 VI3 |M 20 3y 4
B w6 S6 £6 96 £6 06 98 7 34 0001/1NN 09 U{YI|m 10 2Y :
. 06 68 98 96 £6 16 88 69 paisanbay -3y Iy
56 £6 6 56 06 88 8 g8 patsanbay yoeiy ¥
S8 1] 8L 6 £8 8L €L 89 peasanbay 3|y pue xdows) Y
] . T ] |
- 13 <0001 340000 34 000 34 000Z 34000 34 000Z 34 000 34 0002 5uraes|)y A13u3
» uiy 01 YN 0L  UIN S) viN § uin ol uiK o1 Ui S1 LIRS
‘ IWN 09 e 09 1wt 09 1w Of 1NN Of (WM 09 IV 09 W OZi-09
pIaed|) JuIdasg
. A
]
B AVQ 314WVS 661 AW ‘SIN91T (SLO-NON ONV S10) 1V ¥OJ NOILNGIVLSIO NOISHIAIQ AWIN3

¥1-) 19}




.t ., = ®

S e

«

a4

-

e R

S

I

(3%93 39s) ?|qe|iear JoN

+ :
001 0ot 0ol 00l ool ool ool 00l ®2)Iowy °S/qiie)-e1a ¥/ ISEPIN €| 1
06 56 16 €6 88 98 98 0g ed|adwy - §/ueaqqlie)-epevey/sn  “T1 .
001 0ol 001 00t 001 004 00t 001 sesozy-odoany - o
16 16 16 001 ool ool oot 001 . pusyedj-edoiny -pj y
ool 001 oot 001 001 o00{ 001 001 e3|agy-ed2[10wy YIJON 6 u
001 o1 ool ool ool ool ool 00l uwaqqie3-viaeq g : u

+ + + + + + + + Jopeved-RlIeq) </ ]
+ + + + + + + + 1 vsn-eraeq) 9 n L
€8 S8 s 6 (1] S8 8 11} uesqqpie3-sdosny ¢
68 68 68 S6 58 ¥8 L1} '8 EI|s3uy YIsoN usRIsIN-0doing ‘g g u
26 I3 3 16 L6 €8 18 st e>(sowy yioN piy-sdosny ¢ h
S6 96 €6 96 96 6 $g %9 ®3]13wy Yli0N UJOISE3-0dOIN] °Z g
56 06 98 0014 $6 001 98 $6 ®I{Ivwy yIION-B{ARUIpURIS |

34 0001 34 0001 34 0001 24 000Z 34 000Z 33 000Z 34 00O 34 0002 MO| 3 Uo|2eU[31SIg-u(B1i0

WNOI VIOl UINSt UM S UM Ol UM 0L UIN §I uIn §i

AVE 3TdWYS 6L6L ATNM ‘MOTS AR SNOISH3AI0 AWINI GNNOSLSYI L4 0001/ 1NN 9

ey

$1-) siquy

" 4




Labmr Yt S A

4
]
(Ine3 995) 3jqe|tear J0H n
001 001 oot 001 ] 001 001 oot e[omy S/q|ie)-Iragy/icepIN  £(
9% 6 9 6 8 88 68 og e3{Jowy ‘g/uveqqiiwr.epeuey/sn 2t
ool ool 06 (L] ool (] 06 06 sesozy-edoany (|
001 (] 001 s £8 11] £8 z6 pueysdj-adosn3 -0 $
ool oot 004 (1] 001 ool ool o0t ®3{Jjy-edy 19wy Ylion 6 ]
oo1 oot (1] 06 06 06 06 06 uesqqiiel-eiueq) °g %
+ + + + + + + + } BPRUeI-viueq </
+ 4 + + + + + + L YER-TISSE 9
001 001 oot 00} oot (1] 6 6 . uesqqie).adosny -G < .
58 Sg 58 001 €6 98 98 6L . *3110wy ylioN uIsIsIp-9doIng ‘g . .4
oot ool 001 6 16 26 58 8 ®3119wy yiion piH-9dosny °f .
001 001 66 86 L6 66 n S8 ®2{ 0wy YIION uleIse3-edosny ‘I
001 oot 001 00l 00t 96 (]} 88 I IOWY YIION-R|ARUIPUEIS |
14 0001 34 0001 34 0001 3d DoOr 3d 00OZ 33 000Z 33 00OT 14 0002 mo14 voIeu]Iseg-uiblig
UIW Ol w0y wMSI  uIM S UMW Ol UM 0L UIN SI T KA

4
q
4
4
4
{
a
1
«
“u
«
i
-
1
v
[
S
1
‘
c
.
A.
I

1HN 09

AV 31dWYS 661 AINC ‘MOTS A SNOISNIAIG AVINI GNNOGLS3IA 14 0001/INN 09
93 e|qu)




(Ixe1 99s) 9yqe||vAr Joy

, 4
_ 001 001 001 oot ool (] ] 001 ed(I0wy °§/q1e)-w0105¥/I503PIN  “£( ]
”. ﬂ 88 113 68 6 88 T 88 o8 edjuowy ' S/ueIqq)iel-epeuRI/sn  -Z| )
[ 001 001 £6 00t ol oot £6 £6 saso0zy-adoiny -y
’ 96 96 96 6 16 16 16 96 pue|ady-adosny -Of
001 001 001 001 oot 001 ]| ool €I 44y-ed1 1My PJow °§
001 001 00t S6 $6 §6 S6 56 uraqqiv-vi 109 °g
+ + 4 + + + + + JpeueI-RlIg) 1
+ : + + + + + .+ Jvsn-erioq) 9
. 6 26 6 96 6 6 88 88 uesqqjie3-odoiny g N
y - 88 o8 98 16 o8 58 se 28 v>1190y y3soN useIsIn-edoang ‘Y
T. 96 66 6 I73 L6 88 £8 6L v3ja9wy y140N PIN-9doany €
m 86 86 96 {6 9% %6 06 1 ®3{49wy YIIOf UsIISEI-9dOsny T
C 86 S6 €6 00l g6 86 {3 16 eI{I0WY YIION-RARUIPUEIS °{
2 34 0001 73 0001 33 0001 34 000 134 000Z 34 000Z 13 000Z 14 0002 moL4 uo1eu|3S3g-U|blIQ 1
.__._.u ww ...._n oL uMSL UINS UNOlL  UINOlL YN SI LUK 1

L]
. Isanbay jO 313 0001/1WN 09 VIVIIM Jo I¥ paues}) Jusdleg

Lo

AVO 1dWYS 6L61 AINF ‘MO AG SNOISUIAIQ AUINI (8A ONv 83) Tv1OL 14 000L/IWN 09

P——

{1-3 s\qey

[ SO NS

RPN W -8 - | PRV TRPSRETE L S A

..... v ege v - PP
[ R o U I IEPRTSY BRSNS Se AN . . ZRIXEAII




Table C-18
1979 STEP CLIMB REQUEST SUMMARY, JULY SAMPLE DAY

Percent of Flights That Request
at Laast One Step Climb
60~120 NM1 60 60 30 30 60 60 60

15 Min 13 10 10 5 15 10 10
Flight 3000 Fr 2000 2000 2000 2000 1000 1000 1000+

ors Eastbound 58 68 69 70 n 88 89 83
Westbound 84 82 8s 88 90 95 95 92

Total 7 75 77 79 80 91 922 88
Non-0TS Esstbound 31 30 30 28 29 s1 51 60
Westbound 3 29 28 27 26 % & 46

Total 31 30 29 27 27 47 47 53

All Eastbound 45 50 so 50 S0 70 70 72
Wastbound 57 55 56 s7T . 87 69 69 69

Total 351 33 53 33 54 69 70 70
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Eastbound
ors Westbound
Total
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Mon-0TS Rastbound
Westbound
Total

All Eastbound
Westbound
Total

(Percent of Step Climb Requasts)

Table C-19

1979 STEP CLIMB APPROVAL SUMMARY, JULY SAMPLE DAY

Step Cliabs Approved

60-120 NM1 60

15 Mia
2000 Fe

25
53
43

41
38
49

32
56

45

60 30 30 60 60
15 10 10 S 15 10

2000 2000 2000 2000 1000 1000
W0 56 e 80 52 60
72 719 16 81 78 85
59 70 13 81 & 15
47 53 60 66 60 66
6L 66 70 76 71 14
5 %9 65 71 6 69
43 S4 65 764 55 62
69 75 % 8 1 a2
S7 6 10 18 66 13
79

60
10

1000*

66
83
76

65
70
67

65
80
73

et mlaas el



oTs

Non=0TS Eastbound

All

Note:

21.7
15.7
17.2

13.8
20.7
17.6

17.4
17.3
17.4

Table C-20

60 30 30
10 10 5
2000 2000 2006
1.0 109 1.2
12.3 10.8 10.4
1.9 10.8 10.7
12.3 11.6 9.0
16.9 9.6 1.8
14.6 10.6 8.4
1.5 1.2 10.4
13.5 10.5 9.7
12.8 10.7 10.0

1979 STEP CLIMB DELAY TIME SUMMARY, JULY SAMPLE DAY

Ayerage Tims to Step Climb Approval (Min)
60-120 RMI 60

15 Min
2000 Pt

The data shown includes a 6 nin comsunication delay time
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