Bamed

|
]

b 5
L3

O e
OSSO NP

{

¢
A
G ECONOMIC IMPLICATIONS OF A
Q%NITED STATES SUPERSONIC TRANSPORT

e
-

5@; AIRCRAFT UPON AIRPORTS AND

ENROUTE SUPPORT SERVICES

Volume III

Enroute Support Services

PRC R-890

31 December 1966

Distrip U iz
tlon of Thiy Docyment 13 Unl1mitag)

l)rcparccl for

7\

IFconomics Staff ALY
Office of Supersonic Transport l)cvclopment d ;:)\){ \\\
2 . . N g \\
Federal Aviation f\gcncy \ ) %\
<

\\\ o -
}» PLANNING RESEARCH CORPORATION

LOS ANGELES, CALIFORNIA WASHINGTON, D.C.

ARELNE CUFY

/750



BLANK PAGES
IN THIS
DOCUMENT
WERE NOT

-~ FILMED




-

ECONOMIC IMPLICATIONS OF A
UNITED STATES SUPERSONIC TRANSPORT
AIRCRAFT UPON AIRPORTS AND
ENROUTE SUPPORT SERVICES

VOLUME I

ENROUTE SUPPORT SERVICES

PRC R-890

31 December 1966

This study has been prepored by the Planning Research Corporation for the Office
of Supersonic Transport Development, Federal Aviation Agency, under Controct
No. FA-55-66-15. Contents of this study reflect the views of the contractor who
is responsible for the facts and the accuracy of the date presented herein, and do
not necessarily reflect the official views or policies of the FAA, This study does
not constitute a standard, specification or regulation.

N

By
Ronald E. Morris
John B, Burcham, Jr.
George W.S. Johnson
Kelly J. Black
Richard C. Hannon
Katherine L.. Lehmann

PLANNING RESEARCH CORPORATION
LOS ANGELES, CALIF. WASHINGTON, D.\.

4

.
A

oI
v



/'-'rv

LI roe )
| AL R o

NOTICYS

When Government drawings, specifications, or othier data are uscd

for any purposc other than in connection with a definitely related

Government procurement operation, the United States Government

thereby incurs no responsibility noxr any obligation vhatsocver;

and the fact that the Government way have formulated, furnished,

or in any way supplicd the said dravings, specifications, ov other

data, is not to be regavded by implication or othervisc as in any =
marner licensing the hiolder or any other person or corporation, or
conveying any vights or permission to manufacture, use, or scll wny
patented invention that may in any way be related thereto. ..

Cleavinghouse for Federal Scientific & Technical Information
5285 Porl Royal Road
Springficld, Virginia 22151

DDC release to Cleariaghouse for Federal Scientific and Techaical
information (CFS11) is authorized.

?‘.h\'
}
5"
3
e

/

‘aet9

e
B B5s-T.
]

a3 Ala

B2 Ml

&

L3003 ALILSYTIVAY/ L0106

1TYI3248 B0 VY

.
'
H
]
'
|

B

co o!’,ﬂ"l’o’;nc Trane

seerch Corporet!
de of PRC, nor may
tten approval of:

This study has been prepared
Foderal Aviation Ageney

e
NSRS




PRC R-890
iii

CAPSULE REVIEW
OF THE
ECONOMIC ANALYSIS OF SST IMPACT
UPON AIRPORTS AND ENROUTE SUPPORT SERVICES

The unique public costs to be incurred in airports and enroute
support services as a result of the introduction of an SST are minimal;

i.e., — zero to $19 million.

Airports and Terminals
(25 existing, potential SST) zero to $19 million

Enroute Support Services zero

(Airways, Navigation, Communica-

tions, Meteorology and Radiation)

The public costs which would be incurred at existing, potential

SST airports as a direct result of the introduction of succeeding aircraft
types into scheduled airline service through 1975 were estimated to be
$33 million for the correction of pavement deficiencies at 25 major hubs
from the present time through the introduction of the SST in 1974-5. The
costs to government, Federal and local, for pavement improvement pro-
grams at the potential SST airports to adequately support the larger
commercial airliners through the DC-8-63 would approximate $14 million.
Airport modifications imposed by the SST would cost an additional $19
million. These potential improvements at airports represent public
investment only and do not include airline and concessioner- financed
facilities or airport modifications which are built with locally derived
funding. Airport costs attributable to the SST are for modification pro-
grams only. New airport construction costs were not assessed against
particular aircraft types because the designs of new hub airports pro-
grammed and under construction are based upon the total integrated
requirements of civil aeronautics projected to 1990. Most hubs which
serve traffic generating centers are today obsolescent—their designs
having been based upon pre-jet, pre large-capacity aircra‘t criteria,

thinking, and concepts. Limited with regard to size, location, and
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topography, the busier existing hubs are constrained within an economics
viability envelope which in turn depends upon community support for its
integrity. It is difficult, in fact unrealistic, to foresee extensive modifi-
cation and expansion of existing hubs beyond 1975. Only the construction
of wholly new commercial airport complexes to supplement or replace
the existing overtaxed, inextensible airports can provide for continuing,
orderly growth of air commerce into the supersonic and V/STOL era.

While the SST will require a $19 million investment to strengthen
pavements at airports it will initially serve, the total airport situation
within the United States during the next four years will require a mini-
mum investment of $2 billion. The air traffic (both passenger and cargo)
preference increase of the mid-1960's should continue unabated into the
1970's. Airports —without the SST as a consideration—are today a
problem of national scope.

Examination of the adequacy of enroute support services disclosed
that there are no identifiable costs which can be considered unique to the
SST, or in fact, unique to any aircraft type. The trend in airways, navi-
gation, and communications systems design is to provide independent,
accurate, and reliable avionics systems within the aircraft and to lessen
the dependency upun externally oriented systems. The expansion and
improvement of air commerce support activities to keep pace with traffic
growth are evolutionary technological advances which increase civil aero-
nautics capabilities. Meteorological and radiation systems thought to be
required for safe and efficient flight of the Concorde and SST are already
planned and programmed to be in operation prior to commercial flights by
the SST. Any unique requirements which might evolve out of future studies
in these areas (for example, the need for clear air turbulence detection
systems) would probably result in airtborne systems to satisfy these re-
quirements rather than in additional external enroute support services.
Such airborne systems would become integral parts of the aircraft and
thus become an airline expense. It may therefore be stated that the

SST will not require unique expenditures for enroute support services.
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Environmental enroute support systems requirements are essen-
tially the same for both the Concorde and the SST. Utilizing a cost
allocation technique whereby the first aircraft type to need a service is
assigned the entire investment (as well as) operation and maintenance
costs during the periods of exclusive benefit, the Concorde would be
allocated these costs since it is scheduled for commercial airline
service approximately three years prior to the SST.

Exhibit i presents the expenses identifiable only with the field of
aviation and which would be financed by Federal, state, or local funds.
This chart allocates these costs by aircraft type according to forecast

entry into commercial service.
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Costs of Airport Modifications, Pavements Only (at 25 Potential SST Airports)

{millions of dollars)

30k

25

20

15p-

L
1
%

Presently
Required

Costs of in-place improvements required
by earlier certificated aircraft

Incremental costs for additional im-
provements bevond those required by
preceding aircraft

e
o

W

1967-68 1969-70 1971-73 1974-75

Note: Highest point of vertical bar indicates total cost of pavements
(runway and taxiway strengthening and fillet enlargements) for
an airliner if that aircraft had entered commercial service
during 1966,

EXHIEIT 1 - INCREMENTAL PAVEMENT IMPROVEMENT (PUBLIC)
COSTS AT 25 POTENTIAL SST AIRPORTS
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ABSTRACT

This volume of the study to define the economic implications of

a United States supersonic transport aircraft (SST) describes the major

costs associated with necessary modifications to enroute support ser-

Vvices.,

The degree of responsiveness of existing capabilities to the

needs of the larger, faster, higher-flying aircraft which will join free

world airfleets by 1975 is examined in relation to airways, navigation

and commmunications, metcorology, and radiation. Proposed and evo-

lutionary successor systems are identified. The nature and extent of

improvements planned and the costs of their development, fabrication

and installation are presented and discussed as related to the nceds of

the four advanced high- capacity aircraft types:

stretched subsonics {DC-8-63)
high-capacity subsonics (B-747)
Concorde

United States SST
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I. INTRODUCTION

As a part of the total study effort by Planning Research Corpora-
tion, Volume III examines the economic implications to free world govern-
mental authorities of improvements and modifications in three distinct
areas where the Government may provide support to the SST. These

areas are:

e Airways, Navigation, and Communications
[ ] Meteorology
) Radiation Detection and Measurement

Each of these three areas is examined to determine the nature and
associated costs of facility modifications and improved support capabili-
ties which may be required by the existing subsonic jet family, as well
as by the improved passenger transport aircraft which may join or
succeed them., This approach is necessary so that costs of ¢ ich facility
and associated support equipments may be allocated to the aircraft type
which may require or benefit from such improvements. In this way, the
SST is assigned only the cost of those improvements which it uniquely

requires. Aircraft types considered in this examination are:

° current subsonics

° stretched subsonics (DC-8-63)

° high-capacity subsonics (Boeing 747)
° Concorde

° SST

o A



PRC R-890
3

II. OBJECTIVES

The objective of this aspect of the total study is to identify the
major costs of improvements and modifications to enroute support
services which may be required to satisfy the operational demands of
advanced, high-capacity jet airliners--especially the SST-- which are
expected to enter commercial service by 1975, Investigation of the
airborne aspect was directed toward a determination of associated
public costs and allocation of unique cost burdens among sponsoring

aircraft types.

DOEFCrAL LY
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III. EFFORT PLAN

The plan derived to identify potential costs for improved enroute
support services which may be required to ensure safe and efficient
operation of the SST is as follows:

1. Perform a comprehensive literature survey of information
regarding the capabilities of existing systems in the three areas con-
sidered in this part of the analysis (airways, navigation and communica-
tions; meteorolony; and radiation).

2. Survey all information regarding requirements for efficient
and safe operation of stretched subsonics, high-capacity subsonics,
Concorde, and SST.

3. Conduct personal interviews with appropriate personnel of
cognizant government agencies including FAA, Departments of Defense
and Commerce, and NASA.

4. Assimilate discrete inputs into total requirements for enroute
support of the SST.

5. Place the requirements into one of the enroute support sys-
tems: airways, navigation and communications; meteorology; or radiation,

6. Provide cost estimates of the discrete requirements for each

of the three enroute support systems,

7. Allocate these costs among sponsor aircraft.
-
3 B
o
<
~——
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IV. COST ALLOCATION TECHNIQUE

Because the SST will not join airline fleets until 1974-1975, it was
necessary also to investigate and identify the impacts to airports and
airways of those aircraft types which will precede an SST into commer-
cial airline service. The total study effort was directed toward allo-
cating--for each ground facility and enroute support service improve-
ment which may be required by an SST and/or by other advanced high-
capacity aircraft--the U.S. supersonic transport's appropriate share

of the estimated public costs, attributing proportionate shares among

the:
° current subsoni: family
° stretched subsonics (DC-8-63)
° high-capacity subsonics (B-747)
] Concorde

A. The Airborne Aspect-Cost Allocation

The cost allocation methodology employed is applicable only to
commercial aviation, i.e., to the common carriers, and deliberately
excepts general aviation and national defense activities. Where national
defense programs were identified which also benefit any of the above-
mentioned aircraft, costs associated therewith were separately accounted
for. An example of such a defense program is research into radiation
effects upon aircrews of very high-altitude aircraft, such as the U-2,
RB-57F, and XB-70. Costs identified in this study are those for re-
search and development and for procurement and construction.

The technique for cost allocation is straightforward. Modifica-
tions which would be required because of increased air passenger traffic,
normal programmed maintenance, and obsolescence and exhaustion of
existing facilities and systems (if only those aircraft now in commercial
service were to be considered) were made the cost baseline. Incre-
mental improvements and modifications beyond this cost datum were
identified with one of the four advanced aircraft types expected to join

airline fleets by 1675.

/o_mm
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some modifications to enroute services. Intensive invustigation di
closed however, that only for the supersonic commercial jets is this

the case. The Federal Government, having the responsibility for safety
of flight, provides whatever enroute support services are necessary,
The SST and the Concorde will require enroute support services to
70,000 feet, such as radiation measurement, prediction, and observa-
tion; weather reporting and forecasting; and continuous communication

capability between the aircraft and ground control.

B. The Airborne Aspect-Cost Recovery

Cost allocation is a management tool for guiding the decision

maker in choosing among available alternatives:

° whether to construct "system" A, B, C, or D
° whether a mix or combination of "systems" would be preferable
° whether to construct any of the proposed "systems."

Intended and developed solely as one of many predecision guide for
weighing opportunities for action, cost allocation attempts to predict
and approximate the investment (the resources commitment) which each
of the feasible options would require. Cost allocation is not a plan for

recovering the resources commitment once the (selected) system becomes

fully operational. That process is called "cost recovery." Cost alloca-
tion occurs before the fact--prior to the decision. It is a management
tool. Cost recovery occurs after the fact--after a new system becomes
operational. It is the product of a management decision. In the real
world, cost recovery defines precisely and according to sound accounting
principles the contract between provider and user in economic terms.

Within the aviation community, the rationale and procedures which
are actually observed for determining "how to pay" for an improvement
are quite different from those followed in predecision cost allocation.

In actual practice, the recovery of system improvement costs
would probably take the form of government-imposed user-charges,
such as passenger fares and fuel taxes. Where such a scheme appears

practicable, the recovery assessment might be charged only to benefitting

aircraft.

_OFFICTREUSE-ONLY |
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V. SYSTEMS STUDIES W'THIN ENROUTE
SUPPORT AREAS

In the following three sections of this volume, each of the three
enroute support areas is examined separately in order to identify the
systems improvements needed to fulfill SST requirements. The res-
pective areas are discussed as follows:

Section VI - Airways, Navigation, and Communications

Section VII - Meteorclogy

Section VIII - Radiation Monitoring

Each of ‘e present systems is examined and compared with SST
requirements to indicate deficient areas. The planned and conceptual
systems proposed for the future are then discussed and compared with
SST requirements. The modifications required to satisfy commercial
aviation needs in the particular enroute support areas are identified
and costs allocated to the aircraft types in the manner described in

Section IV of this volume, Cost Allocation Technique.
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VI. AIRWAYS, NAVIGATION, AND
COMMUNICATIONS

A. Requirements of Commercial Aviation through 1975

The effect of air traffic congestion is becoming increasingly im-
pertant to commercial air transportation. To the passenger, conges-
tion manifests itself in the form of delays at takeoff and landing which
cause late arrivals, missed connections, and unplanned stopovers. To
the airline, congestion means increased fuel and crew costs, frequent
changing of planned operations, and increased passenger service costs.

Continued growth of air travel, the planned introduction of
stretched and high-capacity subsonic aircraft, and in the 1970's the
advent of the SST will compound this problem. Predictions are that by
1975 an instantaneous maximum of 230 flights per hour can be expected
during peak season in the North Atlantic Region1 (see Exhibit 1). In-
cluded in this traffic will be a mix of current generation subsonic jets
and supersonic airliners. To illustrate the magnitude of this predicted
increase, note that approximately 300 flights per day were scheduled
during the peak summer period over the North Atlantic in 1965.'2

Practical considerations prevent a completely new and different
control system for every aircraft. The evolutionary process which has
characterized the development of the existing combination of navigational
and communication aids will continue. Increased use of automation will
be necessary in order to handle the projected air traffic. The period
between 1965 and 1975 will see the introduction of both advanced sub-
sonic aircraft and supersonic equipment. Proposed, advanced subsonic
aircraft, such a: :1e Boeing 747, are designed to carry up to 500

passengers. Eve larger airplanes have been predicted as practicable.

1System Sciences Corporation, Selected Navigation and Communication
System Concepts for 1975, April 1966 (an evaluation for NASA)

ZOfficial Airline Guide, International Edition, August 1965
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The supersonic transport will multiply the present jet aircraft speed
by a factor of three and increase cruising altitude to a level almost
twice that of today's commercial vehicles.

One of the basic ground rules imposed upon the design of the SST
has been that it must be compatible with the air traffic control environ-
ment in which it will operate. Simulated SST air traffic control problems
indicate that the airplane cannot be given extended preferential treat-
ment because of its disrupting effect on other traffic.

Expanded use of inertial navigation systems and data-link com-
munication devices by commercial aircraft will relieve a suitably equip-
ped aircraft from dependency on externally supplied data. An inertial
navigation capability is essential on long overwater flights where radio
navigation aids are inherently unreliable and inconstant. There will
still be a requirement for position verification data from external
ground sources, but this need can be filled by use of existing aids, such
as LORAN and VORTAC, or by 1975 by navigation satellites.

Thus, the major requirement on airways, navigation, and com-
munications systems through 1975 will be to serve effectively the in-
creased numbers of commercial aircraft, since the aircraft types to be
introduced through that period of time will be designed to operate within

enroute support systems which require no new technological break-

throughs.
B. Present Systems
1. Domestic Environment

As a result of Project Beacon,l the National Airspace
Utilization System (NAS) was developed and is now being systematically
implemented to provide safe, efficient handling of air traffic through
1975. Modifications are continually being made to the overall design

to incorporate improvements in technology and procedures.

lF‘cderal Aviation Agency Report of the Task Force on Air Traffic
Control, Project Beacon, October 1961
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The domestic air traffic control system (ATC) is a dual-use sys-
tem providing control and guidance for civil as well as military opera-
tions. Available military control facilities have been used to the maxi-
mum to eliminate costly duplication of men and equipment.

Spatial segregation is the hasic concept on which the NAS approach
is founded. Standards have been established which define airspace as
either controlled or uncontrolled. Each of these two areas is further
divided to monitor aircraft entering the area, in order to ascertain
whether or not they are adequately equipped to maintain safe operation.
The ceiling under positive control has been increased to 100,000 feet
with 5,000 feet of vertical separation, a procedural change1 that will
assure the SST the same degree of surveillance as that given other
traffic. No additional equipment will be required; in fact, high-altitude
military operations are routinely tracked on existing equipment. VOR-
TAC is the ground-based radio navaid used for the enroute, transition,
approach, and departure phases of flight. Coverage is provided in all
controlled airspace up to the cruising altitude of an SST. While the SST
will depend primarily on a self-contained navigation system, VORTAC
will be available for checking and updating inertially derived data.

Airports are grouped into five categories on the basis of the levels
of activity and facilities available. Although the first three categories
include most United States airports, for purposes of SST evaluation
those in Categories 4 and 5 are a matter of concern.

Characteristics of these airports are:

"Category 4 airports are equipped with terminal
radar traffic control. Radar is used in the pro-
vision of both IFR and VFR air traffic control

services. Civil and military airports of this
type number approximately 100 each."

T;‘ederal Aviation Agency, Advisory Circular Order 7100.1A, 15 June
1966
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"Category 5 airports are those located wi‘hin a

complex of airports (metroplex) where the con-

centration and mixture of high and low perform-

ance aircraft are such as to require the subdivi-

sion of airspace so that all aircraft operate under

ATC control. The airspace s 'rrounding one or

more major airports in such complex terminal

areas will be designated positive control. There

are between 12 and 20 civil and military termin-

als of this type. nl
Progress is being made in the field of all-weather landing systems. At
present, there are four airlines qualified to operate at Category II
landing minimums and five airports (Dulles, Pittsburgh, Oakland,
Atlanta, and Louisville) are currently equipped and qualified to operate
under Category II conditions.

The hub of the enroute ATC system is the air route traffic con-
trol center (ARTCC). At present, there are 21 ARTC centers located
in the continental United States. These facilities exercise control over
air traffic transiting their geographic regions and coordinate the move-
ment between regions. FEach center receives enroute primary radar
and secondary radar (transponder beacon) data within the center-con-
troiled area from remote radar sites. This information is processed
and portrayed as a composite picture of actual air activity, and potential
collisions are identified and prevented.

The primary ATC subsystem is based upon a system of sectors,
or volumes of airspace with defined boundaries within which a single
controller (assisted by other personnel and equipment) has exclusive
control over all aircraft receiving control services. Increased traffic
density has brought about the introduction of computers to assist the

controller in the routine phases of his job. Previously, when traffic

increased, modifications were made to the size of the affected sectors

lI~"ederal Aviation Agency, Systems Research and Development Service,
Design for the National Airspace Utilization System, Summezry Edition,
September 1962, p.2l

2 Air Transport World, March 1966, p.48
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rather than changes to the tasks performed by the sector controller.
In 1965, the FAA was operating 452 sectors and estimated that there
would be an increase of 20 percent within 10 years unless steps were
taken to automate the nonjudgment functions of a controller's workload.
The 1966 version of the air traffic control system is a system in
transition. Various parts of the future fully-automated system are
being introduced on an individual basis. A strong foundation exists on
which to build a control system adequate to provide sufficient control

over the traffic predicted for the 1970's,

2. North Atlantic

The North Atlantic region represents the most important
market for the SST during the introductory period. This is the area
in which the vehicle will probably be first introduced into commercial
airline service, due to the close matching of aircraft performance
characteristics and market charac‘eristics. It has been estimated that
one out of every three supersonic transports built will be assigned
North Atlantic routes.

Congestion is today a major problem over the North Atlantic
region. This congestion occurs during the enroute portion of the flight
rather than during the terminal phase, as is typical of many domestic
U.S. flights. While there may be some terminal delay backup into the
enroute segment, the major source of delay is due to separation stand-
ards. Separation criteria which are now in effect on the same or

diverging routes over the North Atlantic are:

° Vertical separation--2,000 feet
° Lateral separation--120 nautical miles
° Longitudinal separation--15 minutes of arc

These separations are necessary because of the lack of positive radar

control throughout the full transit of the ocean.

lSupersonic Aircraft in the North Atlantic, Commander Curtis J. Kelly,
United States Coast GGuard, New York, N.Y., 17 June 1964
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On November 6, 1961, the Federal Aviation Agency appointed a
team of experts to develop a systems approach to the navigation and
communications problems associated with operations in the International
Civil Aviation Organization's (ICAO) North Atlantic Region. This
"Systems Planning Approach North Atlantic Team" (SPANAT) recognized
as its major responsibility the design of a system to provide efficient
service through the 1970's. The SPANAT Staff Study1 associated the
efficiency of the present system with the ability to compress separation
standards. As a result, the Federal Aviation Agency attempted in
January 1966 to reduce the lateral separation standard from the current
120 nautical miles to 90 nautical miles, a proposal resisted by organiza-
tions representing pilots vtho operate in the affected area. After FAA-
sponsored hearings on this matter, the reduced separation proposa!
was withdrawn because of the economic hardship that would be imposed
on the air carriers by the aircrews selecting circuitious routings as
alternatives to the more efficient flight profiles under the new rules.

It is reasonable to expect that by the time the SST is operating, reduced
lateral separation of aircraft over the North Atlantic will have been
adopted with the support of (presently) contesting parties as a result of
the improved accuracy of navigational and airborne communications
equipment,

A distinct and directional peaking of aircraft flow in the North
Atlantic region occurs regularly. A disproportionate number of the
eastbound flights arrive at 50°w (transitional area) during the early
morning hours (0100-0500 Greenwich Mean Time, GMT), and there is
a corresponding westbound imbalance during late afternoon (1500-2100
GMT). Exhibit 2 presents an hourly percentage distribution of daily

flows by direction.

lFederal Aviation Agency, (Staff Study, Systems Planning Approach

North Atlantic Team), A System Design for the Provision of a Safer,
More Economic, and More Efficient Air Traffic Service for the ICAO
North Atlantic Region, August 1964

yof
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EXHIBIT 2 - AVERAGE PERCENTAGE DISTRIBUTION OF DAILY
FLOWS BY HOUR (1964 PEAKING PATTERN)

Hour at 50° Percent of Daily Flights
W (GMT) Eastbound Westbound

0000-0100 2.7 1.3
0100-0200 12.1 0.9
0200-0300 21.9 0.6
0300-0400 17.3 0.3
0400-0500 15.1 0.2
0500-0600 8.3 0.3
0600-07 00 4.7 0.3
0700-0800 2.1 v.3
0800-0900 1.0 0.7
0900-1000 0.6 0.4
1000-1100 0.6 0.2
1100-1200 0.2 0.2
1200-1300 0.2 0.3
1300-1400 0.2 2s7
1400-1500 0.2 6.0
1500-1600 1.4 9.6
1600-1700 5T 14,1
1700-1800 1.6 18.2
1800-1900 0.4 12.7
1900-2000 0.2 12.2
2000-2100 0.3 8.8
2100-2200 0.2 5.5
2200-2300 0.2 2.9
2300-2400 0.8 1.3

100.0 100.0

Source: (a) Institute for Defense Analyses, The North Atlantic Air-
Traffic Control System, Economic Analysis of Proposed
Changes, September 1965, p. 25
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The immediate problem within the North Atlantic airspace is not
the introduction of the SST, but rather the effects of the tremendous in-
creases in traffic over the route. At any given time, there are only a
limited number of available aircraft routings across the principal area.
These track choices are dependent on the airplane's performance
characteristics and winds aloft, but temperature will be the most
critical factor. The SST is less vulnerable to wind than is the subsonic
jet because of its high cruise speed. Enroute temperature is quite
critical for an SST; therefore, optimum tracks for supersonic aircraft
should be dissimilar to those which are advantageous to subsonic
vehicles.

The basic communications system available over the North
Atlantic is a combination of VHF and HF coverage. VHF communication
is used at the near-terminal sections of the flight; HF coverage is used
during the overwater enroute portion of the flight profile. These com-
munication services, as well as traffic control, are provided by the
Gander and Shanwick Oceanic Control Centers. Exhibit 3 illustrates a
typical SST flight profile for a flight between New York and London and
depicts the services available to aircraft transiting the region.

Present airborne navigational devices aboard intercontinental
airliners range from inertial devices to celestial optics. The latest
avionics suits include inertial systems on the newest aircraft. Several
airlines are considering the merits of retrofitting their entire fleets
with inertial systems in order to realize the potential savings which
result from the shorter flight time and reduced fuel consumption that
should be possible because of more precise navigation. Fuel economy
will be most important to the SST because of the exceptionally high fuel
flows of their engines. Any improvement in fuel consumption on a
range-payload sensitive aircraft could be converted into the ability to
carry additional revenue passengers.

Inertial navigation basically eliminates the crew's dependence
on electronic signals from the ground. Such a self-contained airborne
system eliminates the requirement for any new facilities and modifica-

tions to existing installations.
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C. Evaluation of Present Systems: NASA-FAA Simulation Program

A joint NASA-FAA simulation programl has been in effect since
1963 for the purpose of evaluating the problems associated with intro-
duction of an SST into the air traffic control environment. The program
is conducted at NASA's Langley Research Center at Langley, Virginia
and the FAA's National Aviation Facilities Experimental Center (NAFEC)
at Atlantic City, New Jersey. SST flying characteristics are generated
by a Langley-based simulator and the air traffic control situation is
simulated by use of equipment located at NAFEC. Through parametric
simulation, it is possible to vary both the vehicle and environmental
envelopes and thereby investigate the effect upon the overall system.

Early studies were limited to operating problems in terminal
areas and did not consider the enroute segment. Later tests extended
the simulation to include an exchange between air route traffic control
centers during transcontinental flight. Results indicate that the enroute
segment does not appear to be the primary source of difficulty for the
SST because it will be cruising above the congested subsonic airways.

The test program was designed to process, on a real-time basis,
a simulated mixed-traftic sample of arrivals and departures to and
from John F. Kennedy International Airport with the use of both present-
day and advanced ATC equipment. The controlled area was a 400-
nautical mile square and the sample was exercised during current peak
activity conditions (148 operations per hour including ¢ SST operations).

A typical distribution of this sample was the following:2

Propeller Aircraft Subsonic Jet Supersonic Jet
24 arrivals 39 arrivals 3 arrivals
22 departures 51 departures 3 departures

1 overflight 5 overflights

lJoseph P. O'Brien and Richard H. Sawyer, "Simulating SST Operations -
The Background, " Astronautics and Aeronautics, May 1966

2Department of Commerce SST Economic Analysis G Group, Preliminary A

Report, 1965 '
«oﬂm.ouu, )~
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During the early part of the prorram, it became apparent th-t
ascent and descent profiles (see Exhibits 4 and 5) would be lifficult to
maintain because of the sonic boom overpressure limitl and the sensi-
tivity of the vehicle due to a high thrust-to-weight ratio durirz subsonic
climb. Violation of the sonic boom limits occurred on many ¢ the
climbouts performed by active airline flight crews. These crews com-
mented that the workload associated with a manual flight-path control
system in conjunction with conventional instrumentation wa~ excessive
for normal airline operation and that some form of automati. throttle
control should be designed for future evaluation (Exhibits 6 anc 7). Use
of a Flight Director for flight path control guidence during the climb
and descent modes is currently being evaluated and preliminary results
indicate that this aid will improve control of the vehicle.

Tests have been conclucted2 to determine that effectiveness of a
priority SST air traffic control system. Basic changes for the priority
system were made in radar and altitude separations and priority of
sequencing for arrival and departure. While it appears that some
priority handling may be given the SST, the approach used in the NASA-
FAA simulation program imposes severe delays on the majority ot the
traffic. Increased separation standards (Exhibit 8), both in the air and
on the runways, exert a greater effect on the ATC system than do pre-
ferential SST procedures. When the simulation was operated at the
increased separation standards, severe system penalties were incurred
in the form of reduced operation rates, increased controller workload,

and overall system delay. Some of the results of this study were:

lSimulation Study of SST Terminal Area Navigation in the ATC System,
Richard H. Sawyer, Michael C. Fischer, and Joseph P. O'Brien, pre
sented at 16th International Air Transport Assnciation Technical Confer-
ence, Miami Beach, Fla., April 22-30, 1965

2Federal Aviation Agency, Experimental ATC System Branch, Air
Traffic Control and the Supersonic Transport, Donald S. Schlots.
16 August 1965
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° Subsonic traffic incurred long radar vectors and excessive
air and ground delays.

] Airport acceptance rates were reduced (in some cases to
48-50 operations per hour) from the theoretical maximum
of 60 operations per hour in the priority system.

Results of the initial NASA-FAA Simulation Program indicated

a need for the following:
. An improved pitch-trim control and flight instrumentation

for vertical flight path control.

) Automatic throttle control for climb and begin-cruise
conditions.
° Transonic acceleration track approximately 100 miles long

with neither heading nor altitude restrictions.
° Limited supersonic heading changes due to intensification

of sonic boom in a turn and the possibility of airways over-

shoot.
° Provision for separate SST approach and departure routes.
) Visual display of aircraft position relative to planned posi-
tion.

Evaluation of information generated during the initial phases of
this program has resulted in modification of the simulation. These
changes are being evaluated by NASA and FAA against both the basic
ATC system and the systems envisioned for 1970 and 1975.l The traffic
sample has been changed to make it comparable to the volume expected
in 1970. A 4-hour traffic sample has been compressed into 1-1/2 hours
to represent this increased traffic and is being exercised in the simu-
lator routine. No attempt 18 being made to land this volume of traffic
at Kennedy International Airport because today's facility does not have

the capacity to handle such a volume. The simulation is presently

concerned with the air activity in the terminal environment,

lSimulation Studies of the Supersonic Transport in the Air Traffic Con-
trol System, by Richard H. Sawyer, NASA-(Langley) and Joseph P.
O'Brien, FAA, (Paper presented at the 1965 SAE National Aeronautic
Meeting and Production Forum)

QFEICHAT USE-ONLY_
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D. Future Sys‘eins

1. Planned Systems

The planned systems discussed in this section are part of
the evolutionary change from the present, largely manual air traffic
control system to one with in. reased safety and greater systems
capacity. A step-by-stcp program to increase present-day automation
is being developed., At least partial implementation can be expected by
1970 in both the terminal and enroute environments. The program is
commonly referred to as the National Airspace System (‘\IAS).l

Under development for terminal control is the Advanced Radar
Traffic Control System (AR'I'S),2 which includes track-while-scan
alphameric identity for selected targets and automatic target-data box
association. The first field trial model is undergoing evaluation at the
Atlanta Air Route Traffic Control Center. Portions of the system are
programmed for some 23 terminal areas, and a ficld trial in the en-
route environment is planned at Indianapolis. In addition to the test
model at Atlanta, nine terminal areas will receive partial implementa-
tion of ARTS. Essentially, this portion of the program will provide
radar and becacon alphamerics for terminal area use by displaying
identity and altitude information from transponder-equipped aircraft on
bright displays. These systems will not be capable of tracking primary
radar data. Initial installation is planned for Kennedy, O'Hare, and
Los Angeles Airports,

Although ARTS is a major step forward, its limitation to inputs
from a single radar system does not permit sufficient growth for use at
large, multi-airport terminal areas. TI'or these areas (e.g., New York,
Los Angeles, or Chicago), the NAS metroplex roncept3 is being developed.
This concept will Le a follow-on to the radar and beacon alphamerics

discussed above.

Federal Aviation Agency, 5y-tems Research and Development Service,
Design for the National Airspace Utilization System, Sumiaary Edition,
Scptember, 1962

2F(*deral Aviation Agency, 5-Year Program (as revisced Feoruary 24,1964

3 - . . L
Federal Aviation Agency, \ational Airspace System, System Description,

April 1965
—
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The NAS system for the enroute environment will be implemented
in two phases. NAS Stage A will include the automation of many enroute
functions. NAS Stage B will complete the air traffic control subsystem
as envisioned by the FAA Systems Design Team. The NAS-ATC Sub-
system (Stages A and B) was designed to satisfy operational require-
ments expected to exist through 1975 and conceivably after that time.

Planned improvements to the air traffic control system for
purposes of evaluation are assessed by enroute environment and terminal
environment. Enroute environment is examined by domestic and inter-
national environments; terminal environment by transition (approach
and departure), instrument approach, all-weather landing systems, and

airport ground control

a. Enroute Control

(1) Navigation
(a) Short-Range

Presently available equipment in the short-
range class of ground-based navigation systems includes VOR (Very
High Frequency Omniranges) and TACAN (Tactical Air Navigation).
These system equipments in combination are referred to as VORTAC,
which is the basic system used by airlines in the United States. Com-
mercial aircraft rely on VOR for azimuth guidance, and on the DME
(Distance Measuring Equipment) portion of the military TACAN system
for line-of-sight distance determination to signal source.

FY 1965 implementation of the VOR and VORTAC systems numbered
873 installations in the continental United States with expansion pro-
grammed to 1,100. At completion of the program, an effective short-
range navigational capability will exist over those parts of the United
States which are regularly overflown by other than private, basic air-
craft. VOR/VORTAC equipment is also the international standard and
is being installed in many countries of the world. Complete airway
installations are programmed for the United Kingdom, France, Germany,

Switzerland, Italy, and the Middle East.

OFELCHATUSE -ONLY_
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The standard VORTAC system could be used as a navigational
aid for the SST; however, its line-of-sight characteristics would limit
its usefulness because the air crew would be continually busy changing
radio channcls. This hybrid system provides navigational data free
from static and interference, but it is limited to short-range trans-
missions. The range of the system is dependent on (he altitude of the
user aircraft. Approximate maximum range is 200 1. _utical miles with
an accuracy of 0.25 nautical miles. Lack of automatic position-fixing
is ancther limitation of this technique. The VORTAC system will most
likely continue as a basic navigational aid at lower levels and will be

available for position referenc ng of inertial navigation systems.

(b) Pictorial Display and Off-Course Computer

One early result of the NASA-FAA Super-
sonic Transport simulation program was a requirement for some form
of visual position display: The primary purpose of pictorial display
during flignt is to present thic output of the navipation system with
reference to the planned aircraft track. In the terminal area, the
equipment would provide a continuous real-time portrayal of position
and track with relation to establisnca arrival and departure corridors,
VOR/DME beacons, turning points, etc. An off-cou:sc¢ computer com-
bined with a pictorial display has been installed in the Langley flight
simulator for evaluation.

Currently envisaged SST equipment would be an integral part of
the flight control and navigation system. Displays would be generated
either by the self-contained inertial navigator monitored against LORAN,
by VOR/DME, or directly from a suitable external support system. No
additional ground equipment would be necessary. Pictorial cockpit dis-
plays (PD's) and course-line computers will not be limited to supersonic

transports but will probably enjoy wide acceptance in all aviation areas.

(c) [.ong-Range (Hyperbolic)

EEquipment in this class includes: LORAN-
A, LORAN-C, DECCA, OMEGA, CONSOL, and others. These systems

are in varying stages of acceptance and implementation. LORAN-A has

-OFFICIAL USE_ONtLY <
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been available since 1942 and is the most widely used of these hyper-
bolic approaches to navigation. According to the U.S. Coast Guard, as
of September 1965 there were 81 LORAN-A stations operational through-
out the world providing coverage over 40 percent of the earth's surface.
As is true of most of these systems, meteorological effects do not
appreciably degrade the quality of transmissions; they are considered
to be all-weather systems. LORAN-C coverage is available in the
North Atlantic and Mediterranean, off the Hawaiian Islands, in the
Pacific Polar Region, and in the Far East around Japan. The nominal
ground wave range of LORAN-C is 1,200 nautical miles, which is twice
the capability of LORAN-A. No international standard has been estab-

lished in the area of long-range navigation.

(d) Long-Range (Self-Contained)

The systems included in this area are:

Doppler, Inertial, and Inertial Combinations. Use of a self-contained
navigation system will provide the capability for worldwide all-weather
operation exclusive of any conventional radio navigation aids. With
this ability, an SST would be independent of ground navigation facilities
and thus would not require complementary external navigation services.
The primary navigation system for an SST will be inertially based and
capable of continuously providing navigational information with a high
degree of accuracy. Due to the speed of the SST, an inertial system
will be inherently more accurate than available alternatives because
accuracy in this cystem is a function of time rather than distance. It
may be desirable to combine the basic inertial system with another
self-contained approach to provide a means for rapid update of the in-
ertially derived data, in order to maintain accuracy within tolerances
compatible with projected lateral separation standards.

The improved accuracy of the inertial system (especially in the
area of lateral separation) will be reflected in added safety and economy
of operation. A series of tests was sponsored by FAA and conducted

by Pan American World Airways which utilized DC-8 equipment on
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regularly scheduled long-range flighcs.l The inertial navigator used

in these tests was basically a short-range tactical military system
converted for civil operation. The primary purposes of the tests were
to demonstrate feasibility and to establish accuracy characteristics.
The mean error for the 79 successful data flights was 2.56 nautical
miles per hour,'2 and the last 19 successful flights demonstrated a mean
error rate of 1.85 nautical miles per hour. With this degree of naviga-
tional accuracy, it should be possible to reduce the present North
Atlantic lateral separation of 120 miles to a figure closer to that of
domestic standards. Separation standards are keyed to the least
accurate vehicle in the system. The FAA has proposed the following

. 3. .
lateral separation standards™ in the niost critical areas:

Year Lateral Separation
1966 120 nautical miles
1967 90 nautical miles
1975 60 nautical miles
1985 30 nautical miles
2000 15 nautical miles

These dates and the corresponding lateral separations shown are a

general guide for planning purposes oaly.

lSidney Hirshon, "Inertial System Capabilities Applied to SST Operation,
Journal of the Institute of Navigation, Vol. II, No. 3, Autumn 1964

2One nautical mile is equal to 1 second of arc or 6,080 feet as against
a statute mile of 5,280 feet.

3Federal Aviation Agency Planning Letter to National Aeronautics and
Space Administration, dated 5 July 1966
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(2) Communications

(a) Voice

Voice communications will continue during
the next 15 years as the basic backup communication system in all air-
craft. There is a continning need to handle nonroutine messages of an
advisory or emergency nature. Aircraft, especially general aviation
aircraft, will certainly continue to rely on voice as their prime com-
munication method. A refinement of voice communications will be the
incorporation of SELCAL (Selective Calling) equipment. This will
provide for automatic callup by which a specified flight can be alerted
that a voice communication is being addressed to it. SELCAL equip-
ment provides for the transmission from aircraft of an acknowledge
signal upon interrogation by a preperly coded SELLCAL signal. This
provides a means for reducing the voice communication associated with
routine in-flight reporting; it has been considered as only an interim
stage between the area of voice communication alone and the area of a
complete automatic communication system. However, the SELLCAL
capability can be used for other purposes, such as ground-based posi-

tion determination. This will be discussed later,
(b) Data Link

An experimental automatic communication
system has been evaluated by the Federal Aviation Agency. This sys-
tem (AGACS: Automatic Ground-Air-Ground Communication System) is
being used to evaluate the modes and speeds of transmission necessary
to ensure reliable communication under all atmospheric conditions.
Studies have been carried out to determine the types of messages and
operating procedures to be used with an automatic communication sys-
tem. A final data link system is foreseen to be developed and standard-
ized prior to the introduction of the supersonic transport. Such a system
would te used primarily for the delivery of routine messages to the air-
craft and the transmission from the aircraft of identity, altitude, and
position. Requests for changes in clearances, emergencies, and other

nonroutine messages will probably continue to be communicated by voice.
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The interrogation cycle of the automatic system will be completely
ground-controlled. It will be integrated into a ground-based processing
and display system, To minimize the channel switching requirements
for the SST, non-voice communications will probably be transmitted in
the 750-1,000 bits-per-second range. The final form will depend on
the evaluation results of the present experimental systems. It is ex-
pccted that by 1970, regular users of the air traffic control system
will be required to carry some form of automatic communication equip-
ment as a basic part of the avionics complement.

The SST will use as its basic communication system some form
of data link. During overflight of the continental United States, air-
craft will rely on VHF and possibly UHF ranges. For itransoceanirs
operations, either improved HF or troposcatter VHF communications
will be employed. It is expected that direct pilot-to-ground communi-
cations will be continuously available over the routes to be flown by the
supersonic tiansport,

Antenna design and placement will be a larger problem on an SST
than on subsonic aircraft due to the thermal extremes experienced at
Mach 2.7 speeds. This will be especially true of power and sensitivity
requirements when a satellite-based communication system becomes
operational, but teets indicate that flush-mounted antennae shon’xld be

compatible with normal SST requirements.

b. Terminal Control

Terminal control includes airport traffic control

towers and associated radar and tower equipment principally:

. Air Traffic Control Towers (ATCT)

° Airport Surveillance Radar (ASR)

. Radar Beacon (ATCRBS)

° Precision Approach Radar (PAR)

° Airport Surface Detection Equipment {ASDE)

As far as the terminal area is concerned, there will be no distirction
between subsonic aircraft and the SST. The airport surveillance radar

will be able to provide the necessary information to maintain the
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established ATC separation standards. By increased use of terminal
radar beacons, it will be possible to positively detect and identify
properly equipped aircraft within a range of 200 nautical miles at altitudes
from line-of-sight to the altitude at which an SST would normally cruise.

The ohjective of the terminal control system is to provide efficient
service to arriving and departing aircraft while at the same time en-
suring safe operations. While the SST has been designed to be com-
patible with subsonic traffic, it may require greater separation in the
approach and departure modes due to vortices created by its size. Radar
procedures presently require a 3-mile separation in the approach area
beyond the outer marker. Runway intervals between aircraft are approxi-
mately 1 minute. If the SST should require greater separation between
aircraft. the service rate (capacity operations per hour) of the runways
could be heavily penalized. If a l1-minute separation standard for arrivals
and departures is assumed, there exists a theoretical maximum of 60
movements per hour per runway. Exhibit 9 shows the hourly distribution
of scheduled departures during a typical day at Chicago O'Hare Airport.
Distinct peaks exist in the distribution of departures, and future traffic
growth will probably broaden the present peaks with only slight shifts of
preference. As these peaks approach the maximum capacity of the
facility, greater holding delays will be incurred and any vehiclc which
reduces the capacity will be subject to the cost of delays.

Exhibit 10 indicates the level of activity at the potential SST air-
ports and measures the effect of increased movements on the facilities
planned to be in use. Due to the greater seating capacity of current jet
aircraft over that of piston airliners, there has not been a commensurate
increase in the number of morements in relation to the number of pas-
sengers originated. During the period F7 1960 to FY 1965, the average
number of passengers boarded per departure at the potential S© air-
ports increased from 24.3 passengers to 38.2 passengers, an rease

of 57.3 percent.
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(1) Approach and Landing

All-weather operation of commercial transport
aviation has been a goal for many years. Implementation of all-weather
landings will occur in steps. The current phase is Category II. Category
Il capability will permit operation under conditions where the runway
visual range (RVR) measures 1,200 feet or more. Aircraft will be guided
during descent to 100 feet, at which height the pilot must see the runway
or pull up and go around.

Category III has been divided into three distinct subcategories; the
following requirements are preliminary in nature and are for planning
purposes only:

] Category IIIA: RVE less than 1,200 feet and down to 700
feet; no decision height established; outside visual refer-
ence of the runway required; automatic touchdown and roll-
out; visual reference on runway and during taxi.

° Category IIIB: RVR less than 700 feet and down to 150 feet;
no decision height established; need not use visual reference
to stop; visual reference reguired to exit runway and during
taxi.

° Category IIIC: No RVR or decision height restrictions
established; need no visual reference to stop or to taxi; a
fully automatic landing system.

Category III is currently in the research and development ctage; the
first phases of this category should be available for airline use by the
early 1970's.

Pan American World Airways has specified that its fleet of Boeing
747's be certified and equipped for Category IIIA landing minimums on
delivery in 1969. Five of Pan American's most recently delivered
Boeing 707's are equipped to meet the requirements for Category II

landings, and plans exist to equip all future purchases with this capability.
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All but seven of the selected potential SST airports are presently
scheduled for qualification as Category II airports. The airports not
scheduled for Category II installations are: Dallas, Fort Worth,
Honolulu, Miami, Phoenix, San Juan, and Tampa. Predictably very
fine flying weather in the vicinity of these airports on a year-round
basis overrides an economically supportable decision for Category II
capability. Since much of the equipment required for Category II is
common to Category III, it is logical to expect that those airports quali-

fied for Category II will be the first to be upgraded to Category III.

(2) Ground Control

Airport Surface Detection Equipment (ASDE)
will continue to be the radar system for monitoring ground traffic on
airport runways, taxiways, and aprons until the introduction of Category
III operations. Under Category III, various aids will be available to
support all-weather operation' on the airport surface. No visual refer-
ence will be required for ground movement during the advanced stages

of Category III, which should be in use by the time an SST is in the air.

c. Effect of Increased Air Traffic on Potential SST
Airports

There has been a significant amount of research into

the elements of 1anding control, directed primarily to the determination
of the effect of the SST on the requirements of ATC systems. Research
has been conducted at the NASA-Langley Research Center and the FAA-
National Aviation Facilities Experimental Center (NAFEC). Simulation
of airport landing and departure demands subject to the introduction of
various numbers of SST's per hour into a mix of subsonic traffic has
provided insight into the problems associated with SST introduction.
Dynamic simulation studies have permitted multi-variable analyses of
delays as a function of air separation, climb and descent profile, and
traffic control procedures, techniques, and concepts. Simulation of an
SST high-priority concept (no restriction delays and/or holding) separate

from the no-priority concept of current ATC procedures demonstrated
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that preferential treatment of SST would impose excessive subsonic
delays. Measurements were made of airport movements per hour,
communications, subsonic aircraft delays, supersonic aircraft delays,
and total SST time in the system. The value of this type of analysis and
continued effort in the analyses of the delay elements of ATC become
apparent in investigations of the implications of SST introduction.

Before a discussion of the cost to a user for ATC delay, a short
description of the general problem and spccific considerations associated
with SST introduction are warranted. Primary emphasis in this discus-
sion is on the specification of the factors of SST air traffic control in the
terminal area which directly increase the costs to the user and indirectly
impose social costs upon the public. The effect of air traffic congestion
in terminal areas is obvious and of importance to the airline industry.
Examination of historical trends in the growth of general aviation indi-
cates that the demand for ter1minal control facilities by the general air-
craft segment of itinerant aircraft is increasing at a rate in excess of
the demand imponsed by the airline industry. This historical growth
pattern and the projected demand on the limited capacity of existing
terminals has caused air carrier concern regarding the cost of conges-
tion. Congestion is expressed quantitatively in terms of delays at take-
off and landing.

Costs associated with delay and related to direct operations are
more easily defined and computed than costs associated with missed
connections and attendant inconvenience. [t is obvious that the direct
costs of delay, such as increased fuel consumption and increased flight
personnel costs, are dependent on the type of equipment in service.

The delay cost per unit time of a four-engine commercial passenger jet
is substantially different from that for a four-engine piston airliner.
It is reasonable to expect jet delay costs to exceed the hypothetical de-
lay cost of any nominal aircraft representing the mix at air carrier

airports considered for SST operation.
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Air traffic control problems center around the derandomization
of random aircraft arrivals into the terminal area. The term "arrival"
refers to those aircraft landing and requiring control to ensure a de-
sired landing interval, and additionally, to those aircraft arriving in a
random sequence at the runway ready for departure. The ATC problem
involves the formation of efficient arrangement of takeoffs and landings
as influenced by, or as a function of, traffic demands, and the maxi-
mization of the total operation rate. Airport demand patterns are de-
pendent on passenger preference and are expressed in activity peaks
and troughs by hour during the day. The maximization of total opera-
tions can only be achieved by acting to reduce or minimize delays. The
emphasis in terminal area air traffic operations rests with the landing
flow process; specifically, the generation of accurate and reliable land-
ing intervals with maximum traffic flow. Airborne aircraft have a higher
fuel consumption rate than taxiing aircraft, as well as a finite iuel capa-
city. They are normally assigned priority over those aircraft awaiting
takeoff.

There are four functional elements in landingz control for all air-
craft. Digital computer models have been developed to simulate the
functions of buffering, regulating, funneling, and runway operations.
The buffer element in ATC is involved in the vertical stacking of air-
borne arriving aircraft at 1,000-foot intervals within designated holding
areas. The speed and path within holding areas of arriving aircraft are
regulated. The spacing of the arriving aircraft occurs prior to their
arrival at the outer marker. The regulating function achieves specific
arrival spacing at the outer marker. The funneling function establishes
actual separation for safe runway operations (a 3-mile or l-minute
separation is the present operational guideline). The runway operation
element is principally concerned with runway occupancy. The conctraints
which dictate runway occupancy time are exit conditions, runway surface,
wind condition, and time of day.

Various computerized techniques have been developed to simulate
these four functions. The programs include queuing models, holding

pattern models, laddering or stacking models, ILS funnel models, and

o



TR e -

-

=

Wﬁﬁlx

PRC R-890
44

runway operation models. Various approach standards may be rapidly
simulated and service and arrival rates and system utilization computed
within these models when utilized as an integrated program. Since the
SST is considered to be similar to existing jet aircraft in that no devia-
tion from the standard traffic control standards is envisioned, the future
ATC problem may be analyzed from the viewpoint of congestion due to
the volume of activity.

Estimates of the cost of delay to the air carrier were developed
by the Air Traffic Service of the FAA for the calendar year 1965.1
Total minutes of delay were estimated based on United Air Lines ex-
perience at 47 airport facilities. The study demonstrated that delay
times increased directly with itinerant aircraft operations. Exhibit 11
presents the resulting correlation of minutes of delay and itinerant
operations. The correlation of .982 between delay and itinerant opera-
tions for the sample of airports was used. Approximately 40 percent of
the delays in the study period were experienced by air carriers. Delay
costs were calculated by United Air Lines based upon actual experience
and projected by the FAA to represent all air carrier operations.
Exhibit 12 illustrates the correlation of estimated delay costs and
itinerant operations. The terminal delays included within this study
represent both departure and arrival delays. Departure delays are
composites of delays which may be attributed to surface traffic, taxi
deviation over and under the standard, and air traffic control. Arrival
delays are composed of delays associated with weather, ramp congestion,
and air traffic control. Air traffic control delays were considered
proportionally comparable not only for commercial aircraft but also for
itinerant general and military aircraft.

It was further assumed in the FAA studv (which is the basis for
the comparison presented) that airline fleet variation with respect to
equipment types is roughly the same for all airports and all commercial

airlines. Exhibit 13 presents the estimated delay time and cost extracted

rFederal Aviation Agency, Air Traffic Service, Staff Study, Estimated
Cost of Delay at FAA Tower Airports FY 1965, June 1966
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from the study in question for those airports considered as potential
SST facilities. Column 4 presents the computed total air carrier
delay cost per hour for a nominal aircraft representation of the air-
craft mix estimated for the total industry, based on the United Air Lines
sample. The point of this discussion is the cost of delay which may be
experienced by the SST as it is introduced into the mix of aircraft re-
quiring the use of the airport control facilities. Column 4 is the calcu-
lated delay cost per hour and may be regarded as the cost resulting
from air traffic control delays. Assuming that the SST will conform to
existing separation policy and general terminal area procedures, the
problem is reduced to computation of the cost of current airline delays
and estimations of factor increases in delay cost over the nominal air-
craft dollars -per-hour cost as shown in Column 5. Estimates for SST
delay costs were $2,800, $3,200, and $3,600 per hour. These costs
were derived from estimates of the direct operating costs for the SST.
The weighted average of all delay costs of $6.16 per minute in the 1965
sample may be compared with the SST anticipated delay cost of $53 a

minute.

2. Conceptual Systems: Navigation and Communication Satellites

Particularly attractive for transoceanic flights are
navigation and communication satellites possessiny an ability to provide
information independent of ground stations within radio range of the
aircraft. High-frequency radio (HF), while effective for long-range
communication, cannot be considered a reliable all-weather system
because of propagation anomalies. Large communication gaps exist
over heavily traveled North Atlantic routes where it is possible for
aircraft to lose contact with control facilities for periods up to half an
hour (depending upon atmospheric conditions). Lateral separation
standards in the North Atlantic Region are based on the possible excep-

tions from accuracy to which an aircraft is subject by present navigational
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methods. If a more reliable and accurate position determination tech-
nique (such as a navigational satellite network) becomes available, its
use combined with a continuously reliable ability to transmit this posi-
tion will make possible significant reductions in separation standards.

Discussions have been held between Comsat Corporation and the
FAA to explore the use of satellites for aeronautical communication.
Comsat proposed a system using a synchronous satellite over the North
Atlantic to provide air-ground communication at a cost of approximately
$20 million.l Such a system could be operational within 18-24 months
after order. Although there is much enthusiasm for this program,
several technical, political, and economic questions have arisen. In-
dications are that the FAA will defer a decision to implement this pro-
gram until results of the ATS-B tests are available,

In September 1964, the Joint Navigation Satellite Committee (JNSC)
was formed to determine possible aviation and maritime requirements
for use of satellites in the areas of navigation and communication. The
committee is composed of representatives from the Departments of
Commerce, Defense, Interior, and Treasury, the Federal Aviation
Agency, and the National Aeronautics and Space Administration.2 Re-
sults of the ATS-B feasibility tests, combined with JNSC recommenda-
tions, should provide the basic formulation of a system plan. A satellite
system for communications and position reporting is a practicable solu-
tion to the long-range over-ocean communications problem, as well as

to problems associated with air traffic control.

lAnonymous, "FAA to Defer Program with COMSAT," Aviation Week
and Space Technology, June 27, 1966, p.46

2National Aeronautics and Space Administration, Astronautics and
Aeronautics, Navigation Satellites for Worldwide Traffic Control,

Eugene Ehrlich, December, 1965
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A navigation/communication satellite system proposed for the
North Atlantic Region1 would be composed of two synchronous satellites
placed at approximately 10 to 15 degrees and 50 to 70 degrees west
longitude. This configuration would be capable of providing continuous
all-weather position data at the predicted 1975 load of 8,000 to 15,000
fixes per hour, while continuing to satisfy communication requirements
for the same period. Primary disadvantages of the dual synchronous
satellite approach are the lack of polar coverage in the 75°-.90° latitude
region and the limited equatorial coverage below 10° north latitude.

The placement of a satellite in a medium altitude polar orbit would
correct this problem, but the polar traffic demand may not warrant such
a solution. A proposed configuration utilizing six satellites placed at
synchronous altitudes around the equator in 60° longitudinal increments
could provide global covera,ge.l This system would also provide limiied
coverage in polar and equator areas.

The system incorporating synchronous altitude or geo-stationary
satellites seems to merit special consideration. The first test of the
feasibility of two-way ground-to-air voice communication by satellite
is schedulzd for late 1966 or early 1967. This satellite, Advanced
Technology Satellite (ATS-B),2 placed in a synchronous orbit over the
Pacific Ocean, will be equipped with a VHF transponder. Two hundred
watts of effective radiated power will be available, ensuring a positive
signal-to-noise ratio which should permit voice communication and
other tests related to an integrated air traffic control system. A series
of tests was conducted in 1964 by Pan American World Airways to
evaluate the transmittal of teletypewriter data by use of SYNCOM 3.3

Results of these tests indicated a need for an P &D satellite for use in

1System Sciences Corporation, Selected Navigition and Communication
System Concepts for 1975, April 19606, (prepared for Space Application
Programs Office, NASA Headquarters)

2"ATS Aid Airline Communication Tests," Aviation Week and Space
Technology, August 9, 1965, p. 117

3"An International Airline Views Navigation Satellites, Navigation,"
Journal of the Institute of Navigation, Vol. 13, No. 1, Spring 1966
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the development of an operational system. The primary research
effort to date has been directed toward the design of an antenna with
omnidirectional capability. The ATS-B transponder will have more
than 100 times the power of the SYNCOM 3 unit and will be operated
using frequency modulation (FM) instead of the normal amplitude m~du-
lation (AM) for VHF air-ground communications. Use of FM techniques

will provide a significant decibel gain in system performance.l

3% Satisfaction of Commercial Aviation Needs

No improvements to the system will be required by the
introduction of the svpersonic transport. Norrnal improvements pro-
grammed for institution by 1975 will be adequate to serve the vehicle
in a safe and reliable manner. This does not eliminate the possibility
of the need fc. special procedures under certain circumstances which
could be identified and the procedures developed during the flight test-
ing of the prototype aircrait.

These conclusions are valid only if there are no interruptions in
the design and installation of the National Airspace System for the
continental United States and the SPANAT recommendations for the
North Atlantic. These two systems are evolutionary in nature and will
provide the base on which further improvements can be made to accom-
modate increased amounts of traffic. The systems as now defined will
provide efficient service to the air traffic expected to exist during the

SST introductory period.

l"ATS Aid Airline Communication Tests," Aviation Week and Space
Technology, August 9, 1965, p.117
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VII, METEOROLOGY

A, Requirements of Commercial Aviation

The increasing number of aircraft in the skies, and the high-
speed and altitude capabilities of ine proposed supersonic transport
place additional burdens on the various devices which collect, process,
communicate, and forecaet meteorological phenomena., These devices
are currently being improved to meet the new demands for faster, more
accurate, and more detailed weather forecasting imposed by the nature
and number of aircraft using the skyways, Because the stretched and
high-capacity subsonics will operate within the altitudes and speeds of
existing subsonics, they present no unique demands on the present
meteorological systemm. Normal planning and improvements will bene-
fit these new aircraft, as well as the existing aircraft,

However, the basic design configuration and various subsystems

of the SST, such as pressurization, navigation, propulsion, and cool- /
ing, involve a number of revolutionary concepts. The cruise portion -

\
of SST flight requires more accurate and more frequent coverage of 1

the meteorological phenomena and parameters at high altitudes, Eco-
nomic considerations of fuel consumption require accurate parameter
profiles at the altitudes where transonic flight occurs, The high-
speed capability of the SST makes preflight forecasting accuracy

necessary because of the advance warning needed to maneuver.

B. Present Systems

1, Aviation Weather Service

The Analysis of National Aviation Meteorological Require-

ments through 19751 contains a detailed study of the current Aviation

lBorg-Warner Corporation, BRD-139, Analysis of National Aviation
Meteorological Requirements through 1975, Eugene Bollay, et al,,
August 1961
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Weather Service (see Exhibit 14). A systems approach is used,
which coordinates, all elements of the service--observation, communi-

cation, presentation, and processing of weather information,

a. Observation Subsystem

The ground observation system consists of 675 sta-
tions distributed as shown in Exhibit 15. At most of these stations,
observations are made hourly, except in cases of rapid, significant
weather changes. The 67 upper-air observation stations obtain mea-
surements of temperature, wind velocity, pressure, and humidity
every 12 hours; some of these stations make radio, wind, or ballon
observations at the intermediate 6-hour intervals. Rawinsondes
(special upper-air observation rocket soundings) provide information
on wind temperature, pressure, and humidity to very high levels
which are often above 100,000 feet., In addition to the 67 stations,
upper-wind measurements by balloons are made at 79 other locations.

The radar weather observations made at a total of 102 locations
(grossly distributed as shown in Exhibit 23) are extremely valuable
in short-range forecasting. A special teletype circuit at Kansas City
collects radar weather reports from the 98 radar systems in the east.
An hourly summary is prepared and disseminated on Service A.1
Further, enroute observations provide various important meteor-
ological information such as that concerning icing, location and inten-

sity of turbulence, wind speed and direction, and other factors.

b, Communications Subsystem

The communications subsystem utilizes four methods:
teletypewriter, facsimile, radio, and telephone. Television is also
being used experimentally,

The primary United States civil government systems used for dis-

tribution of aviation weather are Services A, O, and C, operated by the

lSee subsection b,
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EXHIBIT 15 - NUMBER AND KIND OF GROUND OBSERVATION
STATIONS THROUGHOUT THE UNITED STATES

Weather Bureau Airport Stations 199
Automatic Meteorological Observirg Stations 21
Federal Aviation Agency Stations 198

Joint Weather Bureau-Federal Aviation Agency
Stations 14

Supplementary Aviation Weather Reporting Stations 133

Joint Weather Bureau-Supplementary Stations 9
Stations with part-time Weather Bureau employees 36
Navy and Marine Corps Air Stations 45
Air Force Air Bases 110
Weather Bureau Stations not located at airports _1o
Total 675

Note: (1) Personnel certified by the Weather Bureau take addi-

tional observations at 108 other locations to legalize
landings and takeoffs of commercial carriers. These
observations are for local use only and are not
transmitted.

Source: (a) Borg-Warner Corporation, BRD-139, Analysis of
National Aviation Meteorological Requirements through
1975, Eugene Bollay, et al., August 1961 B
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Federal Aviation Agency, Service A collects and distributes aviation
operational information, predominantly information on the weather.
Service O network transmits data to and fro.n overseas points, and
Service C transmits weather forecast information. Further, the
Weather Bureau provides three special radar warning circuits for
severe weather conditions, a special hurricane circuit, and additional
local circuits located largely in the metropolitan areas,

The National Weather Facsimile Circuit has over 650 drops in
the United States, Approximately 110 charts are transmitted each 24
hours. A special high-altitude facsimile circuit connects 23 aviation
forecast centers and stations. Forecasts are distributed in graphic
form and describe altitudes between approximately 18,000 and 45,000
feet. The products of all seven High-Altitude Forecast Centers to-
gether cover about two-thirds of the Northern Hemisphere. The Air
Force and Navy also operate facsimile circuits oriented primarily to
their respective areas of responsibi.ity,

The Air Forcz operates three teletypewriter networks (COMET),
each of which has eight circuits over which pilot reports and military
weather observations are collected and distributed to military users
as well as over the FAA circuits, Short-period terminal forecasts
and hourly Aviation Weather Reports are collected over seven Air
Force regional teletypewriter circuits, These are transmitted in a
special format for direct input into the Semi-Automatic Ground Environ-
ment (SAGE) computers and displays of the Air Defense Command.

Although not exclusively a weather communications system, the
worldwide U,S., Naval Communications System includes observed
weather information such as area and severe storms, and high seas
as part of the Navy's General Broadcast.

Continuous transcribed radio broadcasts are disseminated from
46 Weather Bureau Airport Stations and Flight Advisory Weather Ser-
vice forecast centers over FAA L/MF navigational aids in the 200 to
400 KC band. The telephone communications involve a recorded mes-

sage broadcast over a pilot's automatic telephone weather answering
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service at 30 Weather Bureau Airport Stations and Flight Advisory
Weather Service forecast centers, This service provides a 12-hour
forecast of significant weather information within a 250-mile radius
of the station. Miami International and Kennedy International airports
are experimenting with closed-circuit television which links the brief-

ing areas with the Flight Advisory Weather Service Station,

C. Presentation Subsystem

Both visual and aural flight information are presented
to the various airspace users at Flight Service Stations, Weather Bu-
reau Airport Stations, Ground Remote Areas, and in aircraft. Air
Traffic Controllers and managers receive weather information at Air-
port Traffic Control Towers, Air Route Traffic Control Towers, Radar
Approach Control Centers, and Flight Service Stations.

Pilots may receive continuous broadcasts of weather information
for a radius of 250 miles over many of the low- and medium-frequency
FAA navigation aids, The Pilot's Automatic Telephone Weather An-
swering Service operated by the Weather Bureau provides information
similar to that of the continuous weather brozadcasts., Person-to-person
telephone briefings are provided by the Weather Bureau on both listed
and unlisted telephone numbers, It is likely that briefing by closed-
circuit television will be used more commonly in the aviation weather
service of the future.

In-flight weather briefing services exist through the Flight Ser-

vice Stations of the Federal Aviation Agency,

d. Processing Subsystem

The processing subsystem receives and processes
observations. At each step in the processing function, the geograph-
ical coverage decreases, the detail in the information increases, and

the period of validity narrows.
The National Meteorological Center (NMC) at Suitland, Maryland

supplies a total of 140 products from its processing function. The

Severe Local Storm Warning Center and the Hurrican Warning Centers

L USE ONLY
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at Miami and San Francisco add to the NMC's products by furnishing
specialized forecasts to the aviation meteorological processing sub-
system.

The next step in the subsystem is the Guidance Forecast Center's
processing of the NMC's analyses and prognosis. The United States
is divided into eight regions for this purpose. These guidance fore-
casts cover smaller areas, but are still designed to assist meteorol-
ogists in preparing more detailed forecasts. The Flight Advisory
Weather Service Forecast Centers further refine the data for aviation
in general. One center is assigned to each of 25 areas,

The final step in the processing subsystem are the Weather Bu-
reau Airport Stations. Forty-six stations and forecast centers pre-
pare forecasts for continuous transcribed weather broadcasts, Cur-
rently, 350 airports receive terminal forecasts from these stations,
The rr‘meteorological satellite program augments the observation
function of the Aviation Weather Service, Exhibit 16 compares the

relative capabilities and potential of aircraft and satellites.

2, Meteorological Satellites

The National Environmental Satellite Center (NESC) cur-
rently receives data from six satellites, Three of these, ESSA 1 and
2 and Nimbus 2, send extensive information. The other three are
older satellites and send information intermittently, The Weather
Bureau maintains approximately 15 receiving stations, the Air Force
about 12, and the Navy about 3. Cloud pictures are gent out and re-
ceived immediately as are some radiation data, Other data (such as
temperatures of cloud tops) are stored on magnetic tapes which
deposit this data at the Fairbanks, Alaska and Wallops, Virginia
stations. Because of the rotation of the earth, the satellites pass
these stations every 2 hours. The stored data they deposited is there-
fore 2 hours old at most when received at Fairbanks and Wallops
stations.,

Experimental balloons have successfully transmitted atmos-

pheric temperature to the degree that mean temperatures have been

.
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computed for each of five 2-mile layer segments of the atmosphere.
Current temperature-sensing devices cannot collect data from any
atmosphere lying below a cloud cover. Future research will be
directed toward overcoming this limitation, These temperature-
sensing devices have been used only in balloons to date. Present
technology can detect precipitation and measure temperature in detail,
but the cost of such observations is prohibitive at this time., Current
stations receive cloud cover pictures, radiation data on five different
channels, and temperatures of cloud tops. Plans to refine temperature
data collection will be implemented within the next 18 months., The

gathering of precipitation data from satellites is still experimental.

C. Adequacy of Present Systems

IS Stretched Subsonics and High-Capacity Subsonics

Stretched and high-capacity subsonic aircraft will require
no unique improvements to the existing meteorological system., Sev-
eral existing deficiencies should be corrected to improve the meteor-
ological networks, however.

Borg-Warner1 recently underiook a 2-year study to identify the
weather information required for national aviation operations through
1975, The major conclusions concern three existing deficiencies in
current subsonic operations, The two other deficiencies are considered
as requirements of the Concorde and SST.

The following methods of improving the current subsonic weather
system were suggested, First, the meteorological products of the
aviation weather service should be of a nature that can be immediately
used for operational decisions without further interpretation. This
suggestion evolves from findings that objective weather observations
were not always received by the processing subsystem, and that meth-
ods for processing these observations could not always provide opera-

tionally useful products, Secondly, the observation grid should be

lBorg-Warner Corporation, BRD-139, Analysis of National Aviation
Meteorological Requirements through 1975, Eugene Bollay et al.,
August 1961
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reduced, particularly in the Pacific Ocean, to ensure that all phenomena
(including such local occurrences as squalls, icing, and severe to ex-
treme turbulence) are reported for immediate use. (Also, the Weather
Burcau suggests that additional ground weather radar observation
stations be provided, particularly in the western United States, to
complete the observation network.) Third, smaller airports that fre-
quently lack instrumented weather observations should be provided
with instrumentation. Approximately 800 civil airfields currently
make and disseminate terminal observations, No instrumentation is
available at some 3,000 smaller airports used by general aviation
pilots.

Finally, objective methods of measuring icing and turbulence
should be developed to eliminate inaccuracy or inconsistency because
of differing types and speeds of aircraft and varying pilot experiences.
Such inaccuracy and inconsistency results in a lack of standardized
reports, Improvements in methods of measuring wind speed and
direction, cloud heights, and visibility should be sought,

The existing FAA Weather communications Networks (A, C and

O) have several drawbacks:

° Selectivity

Receiving stations are supplied information which they do

not need; only 50 to 60 percent of the received information is utilized.

° Volume

The existing system has 300 circuits, and is estimated to
be 30 percent overloaded, Thus, some 90 additional circuits are
needed currently, Additional or special requests cannot be granted
because of the mechanical difficulty in switching wiring, and because
the circuits are so loaded that the addition of information to one circuit

would mean the deletion of information elsewhere.

° SEeed
The increase in the number of subsonic aircraft in com-

mercial service places a demand on the communication system for

- .
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more data to be transmitted more rapidly. The existing system pro-
vides little extra time for special forecasts or observations which are

particularly necessary in periods of bad weather.

2. Concorde and SST

The present network needs improvement for commercial
SST operation, Commercial supersonic high-altitude aircraft require
detailed upper-air observations and rapid communications, along with
detailed terminal area forecasts, The two Borg-Warner recommen-
dations1 applicable to Concorde and SST operations demand improved
detail and increased altitude for the parameters observed.

As previously discussed, the ambient temperature profile through
which the SST passes while in ite transonic flight phase is a critical
factor because of the great degree to which temperature influences SST
performance during this portion of the flight, Increase in the detail
and accuracy of forecasts, particularly in and around terminal areas,
would significantly aid Concorde and SST flight, It is further stated
that where radar is not currently available at potential SST terminals
it should be provided, and where it does exist, it should be upgraded.

The last improvement necessitated by high-altitude flights is
the collection of high-altitude data. Preliminary Weather Bureau
estimates of meteorological support for SST operation utilizing any
configuration of Ocean Station Vessels approach a prohibitively high
figure. (This is presenied in subsection E,below). It is consequently
suggested that alternative means for providing meteorological support
be investigaled. One of these means might be airborne support in the
form of satellites, rocketsondes, onboard aircraft equipment and the

like, capable of "direct interrogation from the groundz. " This,

lBorg--Warner Corporation, BRD-139, Analysis of National Aviation
Meteorological Requirements through 1975, Eugene Bollay et al.,
August 19561

2Merrxorandum of 8 December 1965 from M, Fechter, Director, Wcather
Bureau Systems Development Office to G. Baughman of the SST Project,
Department of Commerce,

e &
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together with increased data from land-based upper-air stations and
with the provision of several ocean station vessels reporting from the
truly data-sparse ocean areas, considerably lowers the amount of

capital needed as well as the operating costs.

s Future Systems

1. Expression of Need

a, Turbulence Data

Air Force experience with high-altitude flights indi-
cates that turbulence does, in fact, occur at altitudes over 40,000 feet
to the degree that it must be considered in SST operations. A recent
Department of Commerce study states that in Air Force flights pilots
involved in high clear air turbulence resecarch experienced 10 hours of
significant turbulence out of 98 flight hours over Puerto Rico., Further,
Weather Bureau studies of U-2 data showed that 25 percent of the flights
between 60,000 and 70,000 feet experienced moderate or greater turbulence.

Although data seems to indicate that the SST will be responsive to
gusts of greater wavelength than those experienced by the U-2 aircraft,
data on the complete turbulence spectrum is necessary., Research into
methods of detecting turbulence (particularly that which occurs in clear

air) should be continued.

b. Temperature Data

Research indicates that temperature will be a critical
consideration in the economic operation of the supersonic transport,
Nelms concludes from his study of the effects of atmospheric tempera-
ture variations on SST performa.m:e1 that performance associated with
hot-day conditions will be of greater consequence to the SST flight crew
than to that of current subsonic jet transportation aircraft, He states

further:

qational Aeronautics and Space Administration, NASA TM X-54, 040,
Some Effects of Atmospheric Temperature Variations on Performance
of the Supersonic Transport, Nelms, Walter P., March 1964, p. 12
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"Because of the severe losses in performance as a result
of increased temperature during certain phases of the mis-
sion, the operators will need more frequent and accurate
temperature information than that which is supplied today,
particularly in and around the terminal areas,"

A subsequent document,1 reporting the results of further research
into the effect of ambient temperature on SST performance, states that
off-design operation (due to hot-day conditions causing a reduction in
Mach number) can increase the amount of fuel used during the cruise
portion of {light by as much as 10 percent,

"This increase in fuel will approximately double the total

effect of temperature on fuel used as compared to the
results presented in Nelm's paper,"2

Further, the support panel document stresses the importance of pre-
flight forecasting accuracy and flight planning,

A Hughes Aircraft study considered the operating economics of
the SST as influenced by route temperature, In a flight simulation
using a fixed geometry canard-delta airframe designed for Mach 3.0
flight, and taking into account a hypothetical aircraft configuration,
weight, and atmospheric conditions, the Hughes program evaluated
the effects on the SST flight profile of flying directly through an area
of hot-day conditions,

"A simulation of the aircraft encountering a 30° hot atmos-
phere at optimum standard-day cruise conditions at Mach
3.0 shows the flight profile would require only minor alti-
tude changes to reach the new optimum altitude for the non-
standard conditions,"3

Exhibit 17 shows the effect of temperature gradient on Mach 3,0

optimum cruise altitude for a constant nominal cruise gross weight,

1Supporting Report of Panel on Meteorological Problems of Supersonic
Aircraft to Aviation SC/ICMS, Some Meteorological Considerations of
the SSA Temperature Environment, 15 October 1965

2Credit within Supporting Report of Panel on Meteorological Problems
of Supersonic Aircraft given to Mr, Joe Stickle of National Aeronautics
and Space Administration, Langley Space Center

3Hughes Aircraft Company, The Influence of Route Temperature Effects
on SST Navigation, Fuel Management, and Operating kconomics, D, W,
Richardson, etal., June 1964
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EXHIBIT 17 - EFFECT OF TEMPERATURE ON CRUISE ALTITUDE
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The simulation revealed that the increase in 1:emperaturesl investi-
gated resulted in an increase in overall fuel consumption and a decrease
in total mission time, It was further revealed that if the nonstandard
temperature conditions could be restricted only to the cruise portion of
flight, the overall effects of the pertinent paran.eters of the flight would
be small, although not inconsequential.

However, it was found that if the SST were operated in a region
of elevated temperatures during the climb and acceleration phase, the
overall fuel consumption would be greatly increased, the maximum
thrust would be decreased because of elevated temperatures, and the
performance of the aircraft would deteriorate markedly, Exhibit 18
illustrates the above effects in addition to the various other results of
tt « flight simulation,

The study concluded that direct operating cost (DOC) and fuel con-
sumption would be significantly affected by temperature gradients ex-
perienced in supersonic climb and acceleration, while these parameters
would be only mildly affected by nonstandard operation when restricted
to the cruise portion of the flight, It was noted that unacceptable pen-
alties in CQC and total fuel consumption result when the SST is con-
strained by total temgarature limitations.

Therefore, reliable meteorological data on temperatures, par-
ticularly in the climb and acceleration regions, must be available to
allow serious consideration in preflight planning.

Again it is emphasized that a lack of upper-air temperature data
over parts of the world must be corrected. Additional ground observa-
tion stations as well as more frequent upper-air observations can cor-
rect the deficiency. FPlanning for long-range upper-air temperature
forecasts and more precise climatology route manuals, in addition to
more reliable short-term and spot predictions will significantly facil-

itate more accurate and economical flight planning.

1(Temperature = 15°C, + 30°C during cruise. )
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c. Jet Stream and Wind Shear Data

(1) Jet Streams

The FAUSST! meeting of June 1964 identified a
data deficiency in respect to the incidence and intensity of jet streams
above 40,000 feet. In spite of the fact that the jet stream may shift posi-
tion daily, patterns have been identified which facilitate its forecasting.

Special upper-air observation stations employing electronic de-
vices to track the flight of a free balloon ascending into the atmosphere
are usually spaced "well in excess of several hundred miles" apart.Z
For this reason, it is possible for a jet stream to lie between adjacent
stations and not be evident from their reports. Additional stations would
contribute quantitatively to the improvement of the observations.

In addition to its effect upon the revenue-producing factors of pay-
load and range, the jet stream has been found to be associated with clear
air turbulence.3 This turbulence is believed to be caused by the shear-
ing effect of adjacent air currents moving at different speeds. Research

should continue to explore the specific nature and extent of this relaticnship.

(2) Wind Shear Data

Because of its accompanying turbulence, a con-
sideration of wind shear is important in SST flight planning as well as
in planning for all other aircraft in the sky. An extreme form of wind
shear associated with strong temperature inversions near the ground4
is a potential hazard to aircraft immediately after takeoff or on the final

approach for landing.

'FAUSST is a working group of Weather Bureau and FAA personnel and
their British and French counterparts.

2U.S. Department of Commerce, Weather Bureau, GPO 904-285, The
Jet Stream: A Band of Very Fast Winds Found at High Altitudes

3Eastern Air Lines, Inc., Meteorology Department Cwb-10674, A Study
of Flight Conditions Associated with Jet Stream Cirrus, Atmospheric
Temperature Change, and Wind Shear Turbulence, Paul Kadlec, June 1964

4U.S. Department of Commerce, Weather Eureau, GPO 927515,
Turbulence ... Its Causes and Effects

-
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Crutcher1 states that current atmospheric motion detection bal-
loons are not sufficiently high and that rocket data are not sufficiently
low as yet to produce adequate information in the layer between 50,000
and 100,000 feet., In June 1964, FAUSST identified a need for increased

magnitude and extent of vertical and horizontal wind shear data,
d. Ozone

Some individuals are sensitive to ozone when there is

1 molecule in 25 million molecules of air, When ozone concentration
reaches 1 part in 2 million, the nose, throat, and air passages are
irritated. Increase of the concentration to about 10 parts per million
may cause sic:kness.1

A 1963 ozone measurement survey2 in commercial jet aircraft
detected appreciable quantities of ozone during some of the flights in-
vestigated, This report concluded that the ozone concentration varies
with altitude, latitude, and season, Internal ozone concentration on
flights below the tropopause (Exhibit 19) was found to be negligible.
The ozone-enriched masses were located and identified as segments of
the lower stratosphere, Therefore, those routes which are consistently
flown above the tropopause3 will have a higher-than-average ozone ex-
posure (see Exhibit 20), The SST will be one of these later aircraft.

Crutcher identifies the potential hazard to SST passengers and
crew from higher-than-average concentrations of ozone in the air they
breathe in flight.l He adds that small, light, and effective filters are
available to destroy ozone in the air and offers this as a solution to
the problem, whether the transport cabin is supplied with air from the

outside or sealed and supplied with an artificial atmosphere,

1U.S. Department of Commerce, Weather Bureau, Climatology of the
Upper Air as Related to the Design and Operation of Supersonic Air-

craft, Harold Crutcher

lelinois Institute of Technology Research Institute Technical Report
ADS-5 for Federal Aviation Agency, Robert Brabers, November 1963

3’I’he region at the top of the troposphere, about 7 to 10 miles (37,000
to 53,000 feet) above the earth's surface,
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EXHIBIT 19- A SCHEMATIC CROSS SECTION OF THE ATMOSPHERE
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Source: (a)

Sounding taken at 1709 GCT on May 11, 1962 at Sterling,
Virginia. Data furnished by Mr. W.D. Komhyr, Office
of Mcteorological Rescarch, U.S., Weather Bureau,
Washington, D.C.

U.S. Department of Commerce, Weather Bureau,
Climatology of the Upper Air as Related to the Design

and Operation of Supersonic Aircratt, H.L. Crutcher

EXHIBIT 20 - OZONE DISTRIBUTICN IN PARTS PER HUNDRED

MILLION BY VOLUME(1)
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A report1 issued by the Panel on Meteorological Problems of
Supersonic Aircraft states that an onboard monitor with appropriate
instrumentation will be required by supersonic aircraft. Controls will
allow the crew to close packs delivering air with high ozone concentra-
tion as indicated by the instrumenc viewer. Thus, no requirement for
forecasting the ozone content of ambient air is anticipated to satisfy the
U.S. requirement for a maximum ozone content of .2 ppm inside the SST

pressurized compartment.

e. Precipitation

One of the many problems which will affect the SST
operation presents a serious hazard to its structural integrity. This
problem arises from encounters at supersonic velocities with particulate
matter which includes clouds, rains, and aerosols,

General Electric2 reported supersonic aircraft penetration of
clouds which resulted in considerable structural damage. External
sensors were rendered inoperative or caused to malfunction and wind-
shields, radomes, painted areas, and the leading edges of lift surfaces
were damaged by erosion.

It was further found that ae:2sol content (dust, sand, rain droplets,
etc.) has a serious effect on high-speed flight at low altitudes. This
evidence indicates that the aerosol distribution in the region of transonic
and supersonic speed should be known, In addition, probability of
cloud occurrence at operational altitudes should be ascertained,
composite particles identified, and particle size noted,

The following phenomena associated with clouds were identified in
a report on the FAUSST meeting of June 1964 as areas in which research

was needed to fill gaps in existing knowledge.

lPanel on Meteorological Problems of Supersonic Aircraft Report No. 3,
March 1966 )

ZGeneral Electric Valley Forge Space Technology Center, GEN-10294,
Particulate Matter and the Supersonic Transport, A. F. Petty, February
1963
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(1) Hail

(a) The range and size of hailstones

(b) Their distribution in and around storms

(c) The frequency of encounter of various
sizes of hailstones as a function of altitude
for different geographical areas

(d) The extent of the area to be avoided if hail
is detected by radar.

(2) Rain

(a) The intensity of rain at different altitudes
and geographical areas and its frequency

(b) The range of raindrop sizes

(c) The maximum altitude at which rain can be
encountered as a function of temperature, geo-

graphical area, and other related parameters.

(3) Ice Crystals

The question of possible erosion from ice crystals
requires study. In addition, the possibility of ice formation due to ice
crystals even at supersonic speed may have to be investigated. Ice crys-
tals are not considered to present as difficult problems as rain or hail,

however.
fi. Sonic Boom

Although not a hazard in itself to supersonic flight, the
sonic boom is an area for further study. FAUSST reports that sonic boom
focusing can be caused by changes in wind field and temperature beneath
the aircraft. Teweles and McInturffl state that along with wind and tem-
perature, the effects of atmospheric pressure gradient and to a lesser
extert humidity, cloud cover, and hydrometeors on the sonic boom ne-

cessitate the forecast of atmospheric conditions along and under the

lWorld Meteorological Organization, Physical and Synoptic Meteorology
in Relation to the Special Requirements of Supersonic Aircraft Operations,
Sidney Teweles and Raymond Mclnturff, May 1966
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flight path. They comment further that "in the vicinity of the transonic
phase corridors, a particularly detailed forecast will have to be made."

SST cruise altitude will generally be far above the maximum wind
level and, in general, shock waves will be greatly attenuated in moving
into and through a level of maximum wind (see Exhibits 21 and 22). This
reduces the chances of sonic boom damage by an SST in level unaccel-
erated straight flight at cruise altitudes.

However, it is the opinion of Teweles and MclInturff that substan-
tial changes in sonic boom intensity at the ground resulting from wind
gradients and vertical temperature will not be observed unless the speed
of the aircraft relative to the ground is no greater than the speed of
sound at the ground.

There is a need for further theoretical study and experimental
flight testing to determine the relationship between sonic boom intensity
and turbulence near the ground, aircraft maneuvers, buildings and top-
ographical features, and sonic boom focusing under various conditions

of atmospheric structure.

g. Other Needs

In addition to a requirernent for collection of data on
various meterological phenomena, several other needs are evident.
Upper-air observations in the U. S. and eastern Europe quite regularly
reach 80,000 to 100,000 feet. However, data collection from other parts
of the world lacks regularity and accuracy above 50,000 feet. Addi-
tional stations are needed to close existing gaps in the observation sys-
tem. Currently operating stations outside the U.S. and eastern Europe
should upgrade their observing capabilities to ensure frequent and accu-
rate coverage to 100,000 feet.

Exhibit 23 illustrates a lack of radar coverage in the western United
States. Additional radar weather stations are needed to complete the
U.S. observation network.

Borg-Warner Corporation specified a need in cominercial aviation
for more detailed terminal area forecasts. This is particularly impor-
tant for large terminals where a single instrument may not be adequate
to cover local variations. For example, at an airport where large hori-
zontal gradients persist, a single sensing element is inadequate to meas-

ure temperature representatively.

W,.
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Distortion of shock wave by headwind increasing with height and/or
normal temperature lapse rate, The shock front is shown as bent
forward until it is vertical and so cut off from the ground.

Source: Federal Aviation Agency, Some Considerations of Sonic Boom,

Power, J.K., 1961

EXHIBIT 21 - EFFECT OF HEADWINDS ON SONIC BOOM
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Distortion of shock wave by tailwind increasing with height and/or
temperature inversion at lower levels. The shock wave tends to
become more convex; the boom reaches the ground, but is attentuated
as energy is dissipated over an expanding sector of the wave.

Source: Federal Aviation Agency, Some Considerations of Sonic Boom,
Power, J.K., 1961

EXHIBIT 22 - EFFECT OF TAILWINDS ON SONIC BOOM
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2% Planned Successor Systems
a. Teletypewriter Communications

To help meet the need for rapid communications ex-
change, the FAA has proposed a teletypewriter communications system.
This system design centralizes, consolidates, and automates the mes-
sage switching functions of the existing weather teletypewriter Services
A, O, and C within the Weather Message Switching Center.

The existing system has 300 circuits and is 30 percent overloaded,
which means that 390 circuits are needed. If the proposed computerized
system is operational in 1968, it will provide 150 percent of the present
requirements, or 585 circuits, The proposed system has a potential for
expansion to twice its 1968 capacity, or 1,170 circuits. Comparison of
the possibility of 1,170 circuits with the present capability of 300 circuits
yields a potential of almoest 400 percent of present service networks,

The Air Force maintains its own circuits (COMET) and receives infor-
mation over FAA circuits as well. The computer would eliminate the
redundancy »f their receiving their own reports back, Annual operating
expenses would decrease with use of the computer because of the shut-
down or elimination of relay systems and the need for attendant personnel.

Along with the introduction of this National Weather Communications
System Network, the FAA plans to commission the Aeronautical Fixed
Telecommunications Network (AFTN), designed to replace message-
switching functions now performed manually or by semiautomatic elec-
tronic equipment at New York City, Miami, San Juan, Puerto Rico, and
Balboa, Canal Zone. Communications circuits between these cities and
points in the Atlantic, the Caribbean, and in South America which now
operate in the high-frequency radio range will be placed in submarine
cables and - ‘ended by land lines to computers. Under this system,
Kansas City (11 be the central point for routing of aeronautical and
meteorological traffic between the United States and stations in the
Caribbean. Although military and civil cooperation in use of the AFTN
during times of emergency is expected, it will be funded entirely by

the FAA,

5
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b. Satellite

A promising solution to the deficiency of upper-air
data collection is through the use of weather satellites, Temperature-
sensing devices have been used only in balloons to date. Current de-
viceg cannot collect data from any atmosphere lying below a cloud
cover. Future research will be directed toward overcoming this
limitation,

Within the next 18 months, temperature-sensing devices will be
sent aloft in satellites to test operating capabilities from higher altitudes,
as well as to receive data on temperatures of the upper atmosphere.

One such satellite program is the Apollo weather mission schedule,
Tanks normally used for fuel in a moon flight will house men and equip-
ment and the craft will orbit the earth in several test flights before the
actual moon probe, Weather-measuring devices will be among the var-
ious equipments carried on the rocket, thus providing an excellent op-
portunity to test collection techniques as well as equipment,

Current commercial receiving stations cost approximately $30,000;
however, a receiving station can be built for as little as $1,000, Current
stations receive cloud cover pictures, radiation data on five different
channels, and temperatures of cloud tops, Plans to refine temperature
data collection will be implemented within the next 18 months and will
include infrared cloud pictures taken at night. The gathering of precipi-
tation data from satellites is still experimental,

One of the most important developments within the satellite pro-
gram is that of a synchronous satellite to make possible continuous world-
wide coverage. In the past, a satellite has rotated about the earth so that
a given location on the earth's surface is observed once for each orbit of
the satellite, The time between observations has depended on the rapidity
with which the satellite circled the earth, The synchronous satellite has
an orbit speed matched to the rotation speed of the earth, so that it ob-
serves continuously the same point on the earth's surface, In this way

weather movements can be more accurately predicted and more rapidly

reported,

_ OFFTCIAL USE-ONLY
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C. World Weather Watchl

Today, in any 24-hour period, about 100,000 surface
weather observations and 11,000 upper-air observations are recorded
at some 8,000 land stations, 3,000 transport and reconnaissance air-
craft, and 4,000 merchant ships around the world., The methods of
collecting pressure, temperature, humidity, visibility, clouds, etc.,
conform to internationally agreed-on practices. A network of national,
regional, and continental centers collects and retransmits information
which is used for maps generally produced at 6-hour intervals. The
existing meteorological telecommunications system works to ensure
prompt collection and dissemination of the basic weather data,

The term "World Weather Watch" is the name given to a new
world weather system which the World Meteorological Organization
(WMO) is now planning. Recent developments in technology such as
computers and satellites require more than simple readjustments in
the existing worldwide systems. The various components of the sys-
tem must be analyzed so that it will utilize the scientific advances in
the most efficient manner. Plans for the World Weather Watch which
are now being prepared may be divided into three broad categories:
Global Observational System, Global Telecommunications System, and
World Weather Watch centers of various kinds.

The development of a Global Observational System will be ap-
proached in several ways, Conventional ocean observations will be
increased in number and their altitude coverage will be expanded by
the introduction of radiosonde observations, Satellite coverage, special
aircraft reconnaissance flights, and the use of dropsondes-radiosondes
which transmit observations as they parachute after release from an
aircraft will further add to global observations. Many techniques are
still experimental, and the final working mixture of the device:; will
depend on the cost and efficiency of each type in different parts of the

world.

'World Meteorological Organization, No. 183, TP 92, World Weather
Watch, 1966
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The planned Global Telecommunication System is based on a high-
speed circuit called the '"main trunk circuit" which will connect the
three World Meteorological Centers., A number of Regional and National
Meteorological Centers will be linked directly to the main trunk circuit,
In designing the system, the fullest possible use will therefore be made
of cable and land-line circuits or other telecommunication methods
with similar technical and operational characteristics,

Current developments in satellite technology will result in signifi-
cant improvements, of which one will be satellite interrogation of un-
manned weather stations, buoys, and floating balloons. These will in
turn be read out to selected ground command stations or broadcast for
reception by a number of stations., Although these new techniques will
not be available during the initial stages of the World Weather Watch,
they will undoubtedly take their place once their full potential has been
established.

To collect and process the wealth of material obtained from the
new system, complex and costly equipment will be needed. A logical
solution to this problem is the establishment of a small number of cen-
ters to serve the world. This plan has begun with the establisht: ent of
World Meteorological Centers (WMC's) in Moscow, Washington, and
Melbourne, They receive and distribute conventional as well as satel-
lite data from all over the world. In addition to the foregoing functions,
the WMC's will prepare analyses of prevailing weather conditions and
prognosis. They can also promote research and training and serve as
archives for the quantities of data passing tiirough them.

A system of Regional Meteorological Centers (RMC's) will provide
a link between world and national centers. The practical responsibilities
of the RMC's will vary with the countries they serve and the physical
and climatic characteristics of the region. In spite of this probable vari-
ety of responsibilities, raw data for the whole of the hemisphere in which
the RMC is located is likely to be channelled through it, It will work in
close association with the NMC's in their sphere of operation, by pro-
viding them with the matrrial they need and by serving as centers through

which incoming observations are fed to the world centers,

. OFFICTAL USE ONLY
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Planning a world system of the kind described is a task of great
magnitude and complexity., In order to ensure the orderly and system-
atic development of the plans, the work has been divided into three
phases., Phase one, which concerned the establishment of the broad
lines of World Weather Watch, was completed in the middle of 1965.
Phase two calls for the preparation of a world plan in a more or less
complete form and will be finished in 196¢.. Phase three involves the
completion in full detail of the plan which must be ready for submission
to the representatives of the countries of the world at the Fifth World

Meteorological Congress in 1967,

d. Global Network Configurations

In a study conducted for the United States Weather
Bureau,1 Radio Corporation of America described several alternative
worldwide observation, communication, and processing subsystem con-
figurations in terms of both cost and performance criteria. With a
goal of 600-nautical mile grid coverage throughout, RCA established
the following configurations.

Configuration I includes 189 ocean station vessels and 15 contin-
ental upper-air stations. At the continental stations, in addition to the
standard synoptic surface observations, rawinsondes will provide verti-
cal profiles of pressure, temperature, humidity, and wind up to 10
millibars (approximately 20 miles altitude), No significant develop-
ments are required for this system configuration and the coverage pro-
vided therein could be expanded quite rapidly. The major problem
involved in Configuration I is the assignment of responsibility for
maintaining the OSV's in international waters, A formula would have
to be found to fix this responsibility on a continuous basis,

Configuration II utilizes merchant ships for most of the ocean ob-

servations., Thirty-nine ocean station vessels cover areas in which

rRadio Corporation of America, Cwb-11014, World Weather Watch
Cost/Performance Analysis Study, 15 May 1966

L 4

' OFFICIAL USE ONLY



s

OFFITTAL-USE-DNLY

-
PRC R-890
86

shipping routes are infrequent. As in Configuration I, 15 continental
upper-air stations will provide the land-based observations with 200

to 400 merchant ships (600- or 300-mile grid coverage) providing sea
coverage in addition to the OSV's. No technological barriers exist to
impede the implementation of Configuration Il. However, funds should
be allotted for a ship traffic analysis so that system costs are minimized.

The third Configuration proposed utilizes merchant ships, OSV's,
and land stations in a similar manner as Configuration II, but hori-
zontal sounding balloons (HSB's) are deployed at three levels. A low-
level sounding system would replace the conventional rawinsonde sys-
tem. To cover 400 grid points, 520 HSB's would be needed at each of
the three levels; thus, a total of 1,560 HSB's would be needed in the
system at all times, This configuration further assumes that the HSB
observations will be collected by satellites, Balloon safety with respect
to air traffic is currently being studied.

Configuration IV implements a global observation system utilizing
new technology. All upper-air data will be obtained from HSB's deployed
at five levels, Two of these are below 600 mb, and three above 600 mb.
Included are 3,160 or 3,960 HSB's,l 200 or 400 merchant ships, 26 buoy
stations, and 15 automatic land stations. Associated with the idea of
utilizing numerous HSB's is the problem of maintaining their required
distribution, Consequently, the systermn would have to be monitored
continuously,

Along with the four configurations for a worldwide observation
network, RCA proposed a communications subsystem utilizing the con-
cepts set forth in the World Weather Watch of three World Mete-
orological Centers, Regional Telecommunication Hubs (RTH's), and
National Meteorological Centers., Data collected from merchant ves-
sels at sea, OSV's, and surface land stations would be sent to collection

centers and relayed to NMC's. The NMC's would, in turn, transmit

lThe number of HSB's depends upon the clustering factor used.
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the collected data to RTH's to be relayed on the WMC's, The WMC's
would also exchange data. The collected data would be edited, properly
formatted, and checked for error at the RTH's or WMC's before being
distributed. This processed data would be distributed to all nations in
a standard code agreed on by the World Meteorological Organization.

Linking this communication subsystem with low-altitude satellite
data collection, RCA derived a 3-satellite and a 5-satellite configura-
tion. Most important to the successful operation of low-level satellites
is the timing of interrogation and readout.

As an alternative to the low-level satellite data collection, RCA
proposed the use of a synchronous satellite system for both data col-
lection and distribution. It was found to be the "alternative providing
both the greatest performance capability as well as the lowest cost in
the system utilizing synchronous satellites for both collection and
distribution,"” Costs associated with the various subsystems are pre-

sented in subsection E.

3, Satisfaction of Commercial Aviation Needs

The planred systems are adequate to satisfy the previously
expressed needs of commercial aviation. The FAA teletypewriter cir-
cuits, together with the worldwide circuits, will provide the necessary
rapid communications,

Improvement is sought in aviation weather communications,
measuring devices, processing and forecasting, and methods of pre-
senting appropriate weather information to controllers and pilots, In
addition, efforts toward improving terminal weather forecasting are
expected to continue through 1971, Computerized forecast techniques
will be developed for predicting ceiling, visibility, and wind velocity.

The satellite prograin, and the increase in horizontal sounding

balloons, radiosondes, and dropsondes provided in the World Weather

1Radio Corporation of America, Cwb-10014, World Weather Watch
Cost/Performance Analysis Study, p. IV-62
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Watch System will have the capability to provide upper-air observations
which are adequate both in number and in geographical distribution,

The provision of research facilities at the Regional Meteorological
Centers and the growing awareness of future aviation requirements offer
excellent opportunity for development of techniques to most efficiently

and adequately record, transmit and analyze meteorological data.

E, Required Modifications and Related Costs

The U.S. Weather Bureau developed estimates for the Department
of Commerce for a meteorological support system adequate for SST op-
erations. Several ad hoc estimates, based on the best information avail-
able, had to be employed because of a time constraint at the time the
estimates were prepared. These estimates are based on the require-
ments in Exhibit 24, Costs are summarized below:

1. The cost of providing a typical 2,400-mile oceanic route
with six ocean station vesselsl to cover 300 miles to either <ide of the

route with 600-mile grid spacing would be:

Floating Operations of Stations: 6 x 3,000,000 = $18,000,000
Observing, Expendables, etc.: 6 x 300,000 =$ 1,800,000

Total Annual Operating Cost $19,800,0002
19,800,000
2,400

Cost per Route-Mile: = $8,250/ year
2 The cost of adding upper-air meteorological stations to
satisfy requirements for enroute accuracy of temperature and wind

data would be:

1Each ocean station vessel consists of three ships.

ZEstimated data on number of Coast Guard support cutter vessels for
the ocean station vessels and their costs have not been confirmed by

the Coast Guard.
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Capital (Building and Equipment) $200,000/station
Operating Costs
Personal Services $ 80,000/station/yr.
Expendable Supplies $110,000/station/yr.
Maintenance and Depreciation $ 20,000/station/yr.
Total Operating Cost: $210,000/station/yr.
3. Costs for terminal weather where radar is not available
would be:
Capital
Surface Instruments $ 20,000/station
Radar $250,000/station
Total: $270,000/station
Operating Costs
Personnel $ 80,000/station/yr.
Maintenance and Depreciation $ 27,000/station/yr.
Communications $ 2,000/station/yr.
Total: $109,000/station/yr.
4, The provision of computer time for forecasting purposes

would cost:l

Operating Cost

Computer Time for Chart
Analysis $100,000/year

Oceanic Cable Costs
(rental, personnel, and
computer time) 108,000/ year

Total $208,000/ year

lReadjusting the duties of existing personnel is assumed to eliminate
the need for additional employees., No increased cost for personnel is
included.
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The above costs are summarized as follows:

Capital
Ocean Station Vessels $15,000,000/vessel
Observing Equipment
(Land Stations) 200,000/ station

Observing Equipment
(Terminal) 270,000/terminal

Annual Operating Costs

Terminal Observations 109,000/ station
Enroute Observations

(Land Stations) 210,000/ station
Enroute Observations

(Ocean Stations) 8,250/ 0cean

route mile

Forecasting Services 208,000

As a follow-up to its original estimates, the Weather Bureau
submitted a second, alternative set of costs. These costs comprised
"the most promising alternative" to the first (extremely high) figures
that resulted from the original estimates. The second estimates, enu-
merated below, are based on the utilization of airborne meteorological
data recorders capable of direct interrogation from the ground, together
with increased emphasis on the gathering cf higher and more accurate
data from existing land-based upper-air stations around the world,

A minimum number of ocean station vessels report from the truly
data-sparse areas such as the tropical Atlantic, where data from a
single route could not be expected to provide sufficient area coverage
to make accurate forecasts for succeeding flights.

The following costs are based on the assumption that forecasted
accuracies of + 5°C to one standard deviation will meet the meteoro-
logical requirement for support to SST operation. The Weather Bureau
recommended verification of this assumption before any use of this data.
It was recommended that such a verification consist of an evaluation by

SST aircraft designers and a separate evaluation by Weather Bureau
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analysts and forecasting personnel regarding their ability to meet
such a requirement with the data described.
The gross worldwide cost estimates follow.
Capital
Data Acquisition

Airborne Data Systems ($100,000 each for $ 20,000,000
200 aircraft)

OSV's in Data Sparse ($30,000,000 each 180,000,000

for 6 OSV's)
Improved Terminal $270,000 each for 8,100,000
Weather Data 30 airports
Total $208,100,000
Increased Operating Costs:
Data Acquisition
Operation of Capitalized Equipment $ 8,000,000

Increased Frequency and Accuracy
from Current Stations 4,000,000

Data Processing and Dissemination

Computer Rental $ 100,000
Communications Cost 125,000
Personnel Costs 100,000
Total $ 12,325,000

° In addition to the 3 climatological studies1 already prepared

by the Weather Bureau, atleast 10 more are estimated to be required,
at a cost of $500,000, Most urgent would be a study of the equatorial
regions and one or more studies of the conditions from the equator to
the pole.

° A joint UK-US-French effort was suggested at a cost of
$10,000,000 over a 2-year period to include upper-air balloon obser-
vations, radar coverage, and actual research flights data collection

in equatorial and tropical regions.

lU.S. Department of Commerce, Weather Bureau, Climatological
Summaries from SST, New York-Paris, New York-San Francisco,
and San Francisco-Thule-Stockholm, July 1964 LN
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° Additional high-level turbulence research flights were sug-

gested to supplement the Wright Patterson Air Force flights, Costs
could approach $500,000 over the next 5 years,

° Theoretical temperature-density discontinuities studies
should be undertaken during the next 3-5 years. Such studies might
cost $500,000,

The establishment of the AFTN switch and the implementation of
the National Modernized Weather Teletypewriter Communications Sys-
tem should cost approximately $6.4 million.

The establishment cost of a centralized AFTN switch at Kansas
City is estimated at $1.95 million. In addition to providing operational
benefits, consolidated switching will permit a net annuzal savings of
$436,740 resulting from reduction of 72 positions and discontinuance
of existing leased equipment, There will be a concomitant reduction
in administrative, maanagement, and housing problems.

A comparison of annual operating costs for the four existing

systems versus the planned consolidated AFTN system is as follows:

Location Present System Planned System

New York $ 324,000 =

Miami 441,280 -

San Juan 175,600 -

Balboa 243,860 -

Kansas City - $300,000

Cable/ Landline costs 213,832 661,092
$1,397,832 $961,092

Annual savings from Consclidated Switch $436,740

Exhibits 25 through 31 specify the costs associated with the various
RCA communications configurations described in subsection D.2.d. To
complete their cost/performance analysis, RCA combined the four obser-
vation configurations with the two communication configurations, present-
ing six proposed worldwide systems. A graphic presentation of the char-
acteristics of each of the observation and communication systems is found

in Exhibit 30, The annual and development costs associated with these
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(1)

Long-Term Equipment

15 Continental Upper-Air

Observation Station at $88(2) 1,320
189 Ocean Station Vessels at $96 18,144
Total 19,464

Annual System Costs (2 observations/day)

Ocean Station Vessels
Annual Cost Per Ship 1,188
System Cost (189 ships) 224,456

Continental Upper-Air Observation Station

Annual Costs

Inhabited Area 114
Remote Area 153
System Cost 1,904
Total 226,360

Notes: (1) Costs are in thousands of dollars.

(2) There are 10 stations in inhabited areas, and 5 stations
in remote areas. Coverage by upper-air stations in
U.S. is adequate, so the proposed additional stations
would be outside continental U.S.
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EXHIBIT 26 - OBSERVATION CONFIGURATION II COSTS(I)

Long-Term Equipment

15 Continental Upper-Air

Observation Stations at $88 1,320

39 Ocean Station Vessels at $96 3,744

200 to 400 Ships at $96 19,200 - 38,400
Total 24,264 - 43,464

Annual System Costs (2 observations/day)

Moving Ships with Rawinsonde 127
Annual Cost Per Ship 127
System Cost (200 Ships) 25,460

(400 Ships) 50,920

Ocean Station Vessels

Annual Cost Per Ship 1,188
System Cost 46,316

Continental Upper-Air Observation Stations

System Cost 1,904
Total Annual System Cost
(200 Ships) 73,680
(400 Ships) 99,140

Development Costs

Ship Traffic Analysis 125

Note: (1) Costs are in thousands of dollars,
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Long-Term Equipment

15 Continental Upper-Air
Stations at $68

39 Ocean Station Vessels at $61

200 to 400 Merchant Ships at $61

25 to 50 HSB Launch Sites at $22
Total

Annual System Costs (2 observations/day)

Annual Ccst Per Ship
System Costs (200 Ships)
(400 Ships)

Ocean Station Vessels
System Costs

Continental Upper-Air Stations
Low-Level Sondes

System Costs
Buoys

Unit Cost (Deployed)
52 Buoys Per Year

Horizontal Sounding Balloons

Unit Cost
6-Month Life at $310 Per Year

1,020

2,379

12,200 to 24,400
550 to 1,100

Merchant Ships with Low-Level Sondes

3-Month Life at $6,240 Per Year

16,149 to 28,899

80
16,000
32,000

46,316

1,410

27
1,399

1,800 to 2,800
5,616 to 8,736
11,232 to 17,427
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Total Annual System Costs (2 observations/day)

Long-Life HSB's Short-Life HSB's

200 Ships/OSV's 69,343 - 72,063 74,959 - 81,199
400 Ships/OSV's 85,343 - 88,463 90,959 - 97,199
200 Ships/Buoys 24,425 - 27,545 30,041 - 36,281
400 Ships/Buoys 40,425 - 43,545 46,041 - 52,281

Development Costs

Horizontal Sounding Balloons 6,050
Low-Level Sonde 300
Subtotal 6,350
Buoy(s) 2,200
Total 8,550

Note: (1) Costs are in thousands of dollars.
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EXHIBIT 28 - OBSERVATION CONFIGURATION iV COSTS“)

Long-Term Equipment

25 to 50 HSB Launch Stations
200 to 400 Merchant Ships

Total
Annual System Cests
Horizontal Sounding Balloons

High-Level Balloons
Unit Cost
System Cost (6-mo. life)
System Cost (3-mo, life)
Low-Level Balloons
Unit Cost
System Cost (2-wk. life)
System Cost (4-wk, life)

550 to 1,100
1,800 to 3,600

2,350 to 4,700

1.8to 2.8
5,616 to 8,736
11,232 to 17,472

1.6 to 2.6
66,560 to 108,160
49,920 to 81,120

Buoys
Total System Cost (52 per Year) 1,398
Cost for 126 Buoy Stations
(252 Buoys per Year)
Unit Cost (Deployed) 23.4
System Cost 5,897
Automatic Land Stations
Unit Cost (Deployed) 26.3
System Cost 394.,5
Merchant Ships, Surface Observations
Unit Cost 4
System Cost (200 Ships) 800
(400 Ships) 1,600

SusaSeTY
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EXHIBIT 28 (Continued)

Total System Costs

Long-Life, Low-Level HSB's

200 Ships 58.1 to 92.4 63.7 to 101.,2
400 Ships 58.9 to 93.2 64.5 to 102.0
Buoys 61.8 to 96.1 67.4 to 104.9

Short-Life, Low-Level HSB'S(Z)

200 Ships 74.8 to 119.5 80.4 to 128.2
400 Ships 75.6 to 120.3 81.2 to 129,0
Buoys 78.5to 123,2 84.1 to 131.9

Development Costs

HSB's 6,050

Buoys 2,200

Automatic Land Stations 450

Shipboard Surface Observation

Equipment 50
Total 8,750

Notes: (1) Costs are in thousands of dollars.

(2) If 25 to 50 HSB launch sites are assumed, and are located
in remote areas, additional annual cost is $700 to $1,400.
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EXHIBIT 30 - CHARACTERISTICS OF THE OBSERVATION AND

COMMUNICATION SYSTEMS

Observation Configurations Comfnumcgtmn
Configurations
Configuration I New Stations Conventional:

Configuration II

Configuration III

Configuration IV

189 osv's(1)
15 Continental Upper-
Air Stations

Utilize 200-400
Merchant Ships

New Stations

39 osv'sl)
15 Continental Upper-
Air Stations

Utilize 200-400
Mercihant Ships

New Stations

39 Osv's(l)
15 Continental Upper-
Air Stations(Z)

1,560 HSB's{3) in Flight
at Any One Time

Utilize 200-400
Merchant Ships

3,160 or 3,960 HSB's(4)
26 Buoy Stations

15 Automatic Land
Stations

(Leased Commercial
and Govt. Facilities)

Synchronous Satellites:

(Four Provide
Data Collecticn
and Distribution)

Notes:

(1)
(2)

(3)
(4)

Ocean Station Vessels,

Coverage up to 600 mb. only with low-level sondes
above 600 mb, HSB's provide the upper-air data.

Horizontal sounding balloons.,

All upper-air observations provided by five levels

of HSB's.

4
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worldwide systems are set forth in Exhibit 31, Information presented

in these exhibits was derived from RCA's World Weather Watch Cost/

Performance Analysis Study of May 1966,

144
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VIili. RADIATION MONITORING

A, Requirements of Commercial Aviation through 1975

Introduction of the Concorde and the SST into scheduled com-
mercial aviation service by 1975 will necessitate the development and
implementation of radiation forecasting, detection, warning, and
measuring systems prior to the aircrafts' respective scheduled com-
mercial operation dates, 1971 and 1974, This development is neces-
sary because of expressed potential radiation hazards at the Concorde
and SST cruising altitudes of 50,000 to 80,000 feet.

On the basis of present estimates of expected radiation levels at
these altitudes, safety considerations indicate the need for adequate
warning systems to prevent unnecessary radiation exposure to passen-
gers and crew. Through 1975, commercial aviation requires a
national space environment monitoring and forecasting system which
can provide daily radiation information and forecasts as a routine
operation, and a pilot advisory warning service to direct enroute SST's
to descend to safer altitudes or to advise rescheduling of subsequent
flights.

The complexity of systems to fulfill these requirements will de-
pend in part on the developments in the next 2 to 4 years of present
research efforts to define more accurately the extent and type of
hazards involved and to improve high-altitude radiation forecasting
techniques. The ultimate demand on these systems will be the pre-
vention of passenger and crew exposure to radiation dosage rates in
excess of those deemed safe in the guidelines established (and by that

tirne in effect) by the Federal Radiation Council.

/5 Present Systems

There is presently no operational system to continuously monitor
and detect radiation levels as required to provide adequate informatic:

for the SST program. Efforts to date Lave primarily been research of

- - > S e
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the radiation problem at SST altitudes in order to determine whether
a hazard exists and if so, its extent; feasible monitoring, alerting, and
protective systems; and a plan for implementing these systems or
services,
The several government agencies which require information
relative to space radiation are the Department of Commerce, Depart-
ment of Defense, National Aeronautics and Space Administration,
Federal Aviation Agency, and Atomic Energy Commission.
A number of individual and joint programs and activities have
been undertaken by the various agencies to assist in solving their
specific problems. Some of the programs and activities closely re-
lated to the scope of this study are:
° The Institute for Telecommunication Sciences and Aero-
nomy's (ITSA) Space Disturbance Laboratory and Forecast
Center (Environmental Science Services Administration
(ESSA) of the Department of Commerce) in Boulder,
Colorado

° NASA's Apollo Space Radiation Warning System--seven
optical observation stations and three radio observation
stations spread around the world

° The U.S. Air Force Air Weather Service daily solar

activities forecasting service

° Solar research and develecpment to increase reliability

and accuracy of predicting proton flares at the Air Force
Sacramento Peak Observatory

. Thke combined 2-year USAF/FAA/NASA High-Altitude Ra-

diation Environment Study (HARES)

° Naval Research Laboratory solar radiation satellites
° Air Force VELA satellites
o NASA Tiros and TOS satellites

1. ITSA - Space Disturbance Forecast Center

Now under the Environmental Science Servic = Admin-
istration, the Space Disturbance Forecast Center cu as a

tentative three-fold mission:

QEMNersI T Stetr—
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If so, to indicate what services are necessary for
human beings flying at very high altitudes
C. To set up necessary services,

These efforts are performed in conjunction with the Air Weather
Service, NASA, and FAA,

The service of providing solar radiation forecasts has been in
operation for over a year and its performance accuracy has been
reasonably good. This service began 24-hour operation in July, 1966,
There are presently 10 Operating Optical Flare Patrol Stations, three
planned (by NASA) and two proposed. Exhibit32 shows the location of
the stations and Exhibit 33 shows the percent coverage these stations
will provide., Forecasting will improve with addition of these Optical
Flare Patrol Ground Stations and with increased utilization of such
equipments and techniques as high-altitude riometers, forward scatter
very-high-frequency detectors, ground-based super neutron monitors,
and solar radio observatories,

The monitoring aspect of the operation is practically the sole
source of information for forecasting. As more knowledge is gained
about the beginning and evolution of sun spots, forecasting techniques
will be advanced and reliability improved.

It could conceivably be as late as 1969 before enough data from
the many programs have been collected and evaluated to make accurate
assessments of the radiation hazard at SST altitudes, If the monitoring
and forecasting service is found to be necessary, ESSA will probably
provide pre-flight service {forecast, briefing), alerts or warnings of a
sizable event (including electromagnetic characteristics and particle
information), and an ex post facto report on the event.

Planned ESSA facilities should be adequate for forecasting flares
which might necessitate grounding of an SST, warning aircraft in

flight to descend to lower altitudes, and ex post facto reporting.

a -
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EXHIBIT 32- WORLDWIDE DISTRIBUTION OF OPTICAL FLARE PATROL

OBSERVATORIES CAPABLE OF MONITORING AND
REPORTING REAL-TIME DATA
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2. NASA Apollo Space Radiation Warning System

NASA is developing a worldwide solar flare monitoring sys-
tem to support the manned space program. The system is designed to
provide real-time data to the Manned Spacecraft Center in Houston and
ESSA's Space Disturbance Forecast Center in Boulder and will consist

of seven optical flare patrol stations and three radio telescope stations.

3. USAF/FAA/NASA High-Altitude Radiation Environment
Study
The joint USAF/FAA/NASA High-Altitude Radiation Environ-

ment Study which began in the summer of 1966 and will terminate in

July 1968 gathers appropriate data during high-altitude RB-57F flights.
Some of the objectives of the program are the measurement of direct
radiation doses received by human tissue, measurement of linear energy
transfer, correlation of data with balloon-gathered data, and measure-
ment of neutron and proton spectra. Results from this program will be
extremely helpful in developing specifications for SST radiation instru-
mentation. These flights will help determine the need for systems to
give dose profile, accumulated dose, and danger warning. Such data
may also contribute significantly to the knowledge of the biological
effects of various particles,

Since the program will be conducted through the peak of the 11-
year solar cycle, it is expected that special flights will occasionally be
conducted to collect data during relatively large solar flares.

The Air Force Air Weather Service Solar Forecast Center lo-
cated in Colorado exchanges data on a routine basis with the ESSA Space
Disturbance Forecast Center at Boulder, Colorado.

The goal of the solar research and development effort at Sacra-
mento Peak, New Mexico is an increase in the reliability and accuracy
of predicting proton flares which originate on the sun. This research
includes the study of events on the sun and in space which precede solar
flares. Equipment is being designed and developed to aid data reduction,
to provide control systems for monitoring the events, and to develop

a system for transmission of solar-flare pictures.
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C. Adequacy of Present Systems

1. Stretched Subsonics

Space radiation forecasting and monitoring is not featured
in flight plans for current commercial subsonic airliners because there
has been no need to date for radiation services at the normal operating
altitudes. The stretched subsonics (Douglas DC-8-61, 62, 63) will
operate at approximately the same speeds and altitudes as present com-
mercial aircraft. Their introduction will impose no requirements for

radiation information services or warning devices of any type,

2, High-Capacity Subsonics

High-capacity subsonics (Boeing 747, Lockheed 500) will
also operate within the same general parameters as present-day com-
mercial jet aircraft. Their introduction will not impose a requirement

for radiation information services or warning devices.
S Concorde

The British-French cord hich is expected to be the
first commercial supersonic aircraft in the free world introduced into
scheduled service, will cruise at altitudes high enough to cause a
possible need for radiation forecasting and monitoring systems. The
Concorde design includes provisions for an in-flight radiation warning
meter. An experimental radiation meter has been developed to give
in-flight warning of abnormal radiation situations.

The British conducted extensive investigations on galactic cosmic
radiation hazards via balloon flights from Fort Churchill, Canada, during
a solar minimum year (1964) and concluded that passengers and crews
will be exposed to "the same low, acceptable, and safe biologically signi-
ficant dose due to galactic cosmic secondary radiation whether they fly
low (35,000 feet) and subsonic for 5-6 hours o high (65,000 feet) and
supersonic for 2-3 hours."l

The British plan to fly stratospheric balloons at times when large

solar flares are considered to be probable, Experiments will be

lWilson, I.J., Aldermaston, Our Work for the Concorde
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conducted on radiation detectors, tissue-equivalent ionization chambers,
and the linear energy transfer spectrometer.

An experimental in-flight radiation warning meter will be included
in order to measure its response. Further tests of the warning meter
will be carried out in 1969-70 onboard the prototype and pre-production

Concordes as they undergo air-worthiness flight testing.
4, SST

The United States SST, the second major aircraft type de-
signed and manufactured in the free world planned for scheduled com-
mercial airline service, will cruise at altitudes which may be hostile
because of radiation hazard. The SST is scheduled for Civil Aero-
nautics Board certification in 1974--approximately 3 years later than
the targeted entry of the Concorde into airline fleets.

The two competing SST airframe manufacturers have devoted
considerable effort to investigating the potential radiation hazard prob-
lem at altitude and tc determining adequate safety measures for air
crew and air travelers.

The Boeing report, Some Radiation Problems in the Supersonic

Environment, concludes that the radiobiological problem for super-

sonic aircraft is not serious and that neither passengers nor crew will
experience doses in excess of recommended tolerance levels1 in nor-
mal flying schedules.

In Lockheed's Horizon magazine, Dr., Charles I. Barron, Medi-
cal Director for the Lockheed California Company, concludes that '"the
findings are most encouraging in indicating a low-level hazard, which
was safely tolerated by man."‘2

Until more precise information on the biological effects of cer-

tain types of radiation is available, it cannot be said categorically

lThe Boeing Company, Boeing D2-90391, Some Radiation Problems in the
Supersonic Environment, Sheldon, W.R. and Dye, D.L., November, 1963

’Ba rron, Charles I., "Of Airmen Exposed to Supersonic Transport
Altitudes", Horizon, Summmer, 1965
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that no hazard exists and that no forecasting, monitoring, warning and
protection systems are required. Normal safety protection should be
provided within the limit of reasonable cost, Even for the worst cases of
radiation dose expected, however, the ground observatory network in
process appea s adequate to provide monitoring, warning, and protec-

tion to passengers and crew.

D. Future Systemc

1. Background

a. Involrement of Federal Agencies

Various government agencies have mission-associated
needs for information about potential radiation hazard at high altitudes.
These agencies are the Department of Commerce, Department of De-
fense, National Aeronautics and Space Administration, Federal

Aviation Agency, and Atomic Energy Commission.,

b. SST Involvement

The panel on Space Environmental Forecasting of the
Interdepartmental Committee for Atmospheric Sciences, Federal Council
of Science and Technology has summarized the cominon needs for space
radiation information which exist or are anticipated to exist. There are

common n: ~ds for:

. ptical observation of solar events

) adio observation uf solar events

° Monitoring of solar X-ray emission

. Monitoring of solar proton flux

° Monitoring of trapped particle flux

° Measurements of atmospheric structure

A joint program to satisfy these needs would aid1 the FAA in pro-
viding adequate information relative to SST flights at the high altitudes
of 50,000 to 80,000 feet.

lFederal Council of Science and Technology, Final Report of the Panel
on Space Environmental Forecasting of the Interdepartmental Com-
mittee for Atmospheric Sciences, December 1964
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There has been no need to date for an operational system to fore-
cast or continuously monitor radiation levels at SST altitudes. Normal
commercial flights rarely reach an altitude over 40,000 feet, a level
below which the atmosphere has effectively blocked ionizing radiation.
Reconnaissance and tactical aircraft flights often exceed these altitudes,
but the relatively moderate number of flights, the usually brief duration
of such excursions, and number of persons exposed has not yet warranted
the expense of extensive operational monitoring systems.

Neither has there been demonstrated to date a need for monitoring
radiation levels at SST altitudes to protect passengers. However, unless
the need for radiation monitoring systems can be thoroughly refuted on
scientific and medical bases, all possible means must be exercised to
obtain the data upon which such a determination can be based in order
to provide maximum assurance that SST crews and passengers will be
afforded adequate protection firom any ambient and potential radiation

hazard.

c. Identification of Problem Areas

The overall problem of radiation hazards at SST alti-
tudes must be examined in discrete parts in order to determine the total
radiation effect. The hazards of fission fragments, galactic cosmic

radiation, solar radiation, and total radiation effect are discussed below.

(1) Fission Fragments

Data collected from high-altitude military flights
are essentially sufficient to permit dismissal of fission fragments from
past nuclear explosions as a contributing factor to the radiation hazard
at SST altitudes. The residual rauiation level from manmade nuclear
detonations has diminished to the point that it may be ignored, and this
condition will prevail unless the moratorium on upper-air nuclear test-
ing is abrogated or violated. The remainder of this study assumes that
residual radiation levels will not change to a point at which they will
contribute to the potential radiation hazard. Even if fission fragments
increase in number, the cabin air filtering systems on current commer-

cial airliners can prevent the passage of excessive amounts of radio-

OIeI=Ge-ONTT—

active materials.



OFFI '

PRC R-8%0
117

Thus, two primary sources of radiation remain which must be
studied in depth to determine the existing and potential hazard to which
SST passengers and crew may be subjected, i,e., galactic ccsmic ra-
diation and solar radiation, These two sources will be discussed sep-
arately. General background information on each type will be presented
and a broad statement of present ability to identify and measure the
dose level exposure to SST passengers and the concomitant damage

will be made.

(2) Galactic Cosmic Radiation

Galactic cosmic radiation consists primarily of
energetic protons, alpha particles, and heavier nuclei, and is dcrived
from sources other than the sun.

The degree of biological hazard from cosmic radiation is a func-
tion of altitude, geomagnetic latitude, and solar activity. Generally
speaking, the dosage from primary rays (energetic protons, alpha par-

ticles, other heavy nuciei) decreases:

] near the earth because of increased shielding of the
atmosphere
° at the lower latitudes due to the lessened effect of the mag-

netic poles
. with increased solar activity because the dose from galactic
cosmic radiation in a solar minimum year is about twice
that of a solar maximum vyear
Aside from primary galactic cosmic radiation, nuclear interac-
tions in the atmosphere produce secondary radiation in the form of sec-
ondary protons, neutrons, and alpha particles of low energy. This re-
sulting scatter is sometimes called a "nuclear star." Toward the end
of the star track (known as a "thin down"), local dose may be very high,
although the total dose to the body would be very low. The overall bio-
logical effects of such hits are not yet fully understood. This type of
radiation exposure might be most serious, for example, in the case of

a newly pregnant weman.

M
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Because of this secondary radiation effect, total dose rates due
to galactic cosmic radiation are generally at a maximum at altitudes
between 50,000 and 80,000 feet.

(3) Solar Radiation

The last type of radiation to be discussed which
contributes to ambient radiation at SST altitudes is solar radiation. The
intensity of solar radiation varies considerably and is dependent on the
intensity of solar flares which emanate from sun spots. Present tech-
nology is not adequate to predict accurately the likelihood or the inten-
sity of solar flares, though it is known that the intensity of these flares
varies generally through an ll-year cycle. Doses from solar flares,
added to the relatively constant intensity of galactic cosmic radiation,
are the cause of most concern regarding the potential hazard of exces-
sive radiation exposure in SST flights. As solar flares develop, solar

radiation flux may change greatly.

(4) Total Radiation Effect

It is not intended to discuss here the complex
process of determining or defining dose rates, but rather to identify
the costs which may have to be incurred in order to give reasonable
assurance that SST passengers and crews will not be subjected
to radiation exposure higher than that level deemed safe by the Federal
Radiation Council. This report, therefore, will state the existing rec-
ommended maximum levels of exposure and discuss the SST radiation
problem in relation to these guidelines.

For the population at large, the Federal Radiation Council recom-
mends that the maximum exposure be 0.5 rems a year1 and that radia-
tion workers be permitted a maximura dose of 5 rems a year. Studies

to date indicate that SST crews flying 10 hours per week at 75,000 fcet

1A rem (roentgen equivalent man) is a unit of ionizing radiation dose
which consists of 1 rad (a unit of absorbed dose of ionizing radiation)
multiplied by the relative biological effectiveness of the specific type
of ionizing radiation under consideration.
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over polar routes with no special precautions during a solar maximum
year will receive ionizing radiation equal to about twice the amount al-
lowed the general public, and yet less than that amount allowed for

workers in radiation laboratories.

2. Description of Systems Planned

a. ITSA, ESSA Program

Most of the data used by the Space Disturbance Fore-
cast Center in preparing its forecasts is furnished by existing ground
observatories, Some data are received from satellites, but more ad-
vanced data interpretation techniques must be developed to improve the
quality of the information. The initial operational system for space
radiation detection will be comprised of ground observatories with
satellite backup. By 1968-69, a TOS satellite with a proton detector
should be in operation,

By the early 1970's, both geo-stationary and orbiting satellites
which can monitor radiation levels and relay the information to the
Space Disturbance Forecast Center may t.e in operation, By 1973,
the Center will probably depend on satellites as the primary source of
data, and use the ground observatories as a backup system, The Cen-
ter would then disseminatle the appropriate data to the rcquesting groups
on a continuous schedule or as the frequency and severity of solar
events dictates, The most energentic particles would probably be
detected by ground neutron monitors.

It is expected that the information available from the forecast
center will satisfy the radiation monitoring requirements for Concorde
and SST flights. This information will be available without a separate
and distinct system designed solely to meet the requirements of the SST.
Withinthz next year, the Center expects to expend about half of a man-
year to investigate satisfaction of SST requirements for forecast, warn-

ing, and reporting services.

b. NASA Apollo Space Radiation Warning System

The addition of the three planned and two proposed
ground observatories to the existing NASA Apollo Space Radiation
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Warning System (as shown in Exhibits 32 and 33) will provide almost
100 percent assurance of worldwide coverage for the monitoring of so-
lar flares. The existing observatories of this system are already in
use as part of the national space environment forecasting effort.

In order to be fully effective, these observatories would have to
be manned on a continuous basis, rather than just during Apollo missions.
They should have the capability to make immediate reports of large
flares and daily reports of small flares, and to provide data on solar
observations to the scientific community according to a reasonable
schedule. The inclusion of the solar radio observatories in this world-
wide network will contribute to its effectiveness,

The total NASA operational system will consist of seven solar opti-
cal observatories and three solar radio observatories. The radio observa-
tories will give 100 percent worldwide coverage and the optical obser-
vatories will give about 98 percent coverage. LESSA currently provides
people to man these sites on a continuous basis. There is close coordi-
nation between NASA and ESSA on the program.

Equipment and installation costs for the sites can be broken down
to: radio telescope--$100,000, optical telescope--$50,000, and average
site installation--$100,000. Operating costs will be approximately

$60,000 per year per site.

c. U.S. Air Force Programs

The Air Force Air Weather Service operates a daily
solar forecasting service which furnishes a summary of present solar
activity, a forecast of solar flares and proton events, and descriptions
of present and forecast solar radio flux and geomagnetic activity. Pro-
grams have been undertaken to improve solar forecasting technijues.

Basic studies of the sun and its radiations will be carried out at
the Sacramento Peak Observatory in New Mexico. These studies will
contribute to man's knowledge of space radiation and ultimately to a

better understanding of the radiation hazard associated with high-altitude

aircraft flights.
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d. High-Altitude Radiation Environment Study

The joint AF/FAA/NASA High-Altitude Radiation

Environment Study began in the summer of 1966, The Air Force role
is to provide operational support to collection of radiation data for FAA
and NASA, The FAA is investigating direct dose received by human
tissue and linear energy transfer, and is correlating data received
on test flights with other data collected (balloons, etc.). NASA's pri-
mary effort is the collection of data on neutron and proton spectra,

An interim report on the study which closes in July 1968 will be
presented in July 1967. The data received should help to consolidate
opinions on the extent of the radiation hazard well before scheduled
flight operation of either the Concorde or the SST, and should signi-
ficantly aid the determination of radiation detection instrumentation

needed onboard the aircraft,

e. Onboard Radiation Monitoring Systems

In addition to the ground support systems which aid
high-altitude aircraft in radiation detection, there will be airborne
equipment to warn when a threshold dose rate is approached, thus
alerting the pilot to descend to a safe altitude, Present plans demand
that both the Concorde and SST be equipped with such warning systems.

It is also possible that crew members of high-altitude commercial
aircraft will be required to wear radiation film badges during flights
in order that an accurate record may be kept of individual cumulative
exposure over a period of time. This determination would be made by
the AEC after an assessment of the radiation hazard to which crew
members would be exposed. The film badge service would necessitate
no initial investment, since it is normally available on a rental basis
from various radiation services companies.

Other types of radiation monitoring equipment may be installed
on these aircraft as a result of the findings of the High-Altitude Radia-
tion Environment Study. Onboard systems should be able to provide
danger warning, accumulated dose (if it is significantly great), and dose
profile. Interchangeable systems may have been developed for the

Concorde and the SST by the time both aircraft are operational.
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3. Conceptual Systems

a. Satellite Warning System

By the mid-1970's, solar radiation detection and mon-
itoring systems onboard satellites will probably have replaced ground
observatories as the primary solar radiation data source. The ground
optical radio observatory network will probably continue to operate

as a supplement to the satellite system.

b. Ground-Based Neutron Monitors

A worldwide network of highly sensitive neutron moni-
tors is needed to detect moderately hard solar events,1 because hard
events cause increases in ground-level neutron count. This network

would help to provide necessary monitoring services for the SST.

c. Nerve Center for Radiation Forecast and Warning
sttemsz

Rapid notification of the imminent onset of a solar

flare is of utmost importance if the information is to be useful to an
SST. A national or international nerve center for systematic data dis-
semination would be necessary to assure real-time aircraft alerts based
upon satellite or ground observatory information. Such a center would
correlate data received from participating agencies and disseminate
appropriate announcements to all requesting and using organizations.
Such a nerve center would reduce communication requirements and

eliminate the need for redundant programs and systeias,

1A hard solar event is an event in which the energy levels of the particles
in the solar flare are approximately 200 MEV (million electron volts) or

greater.

2'SC/AMS Panel on Meteorological Problems of Supersonic Aircraft,
Initial Statement of Requirements for Additional Meteorolo%ical Serviceg

Specifically Designed to Support Supersonic Aircraft (Panel Report No.2),

20 December 1965
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Many other programs are in progress and planned which will con-
tribute to increased knowledge of the upper-atmosphere radiation envi-
ronment., None of the costs of these programs can be attributed to SST
requirements, but the knowledge gained from them will be of benefit to
SST high-altitude operations. Some of the programs and their operational
objectives are:

(1) Air Force satellites to identify the types and
energies of solar radiation. Two satellites are scheduled to be launched
by the end of 1968,

(2) National Science Foundation programs to monitor
the effects of solar activity, These activities ",,..will continue in modi-
fied form in the next few years, and among other things, will contribute
to the eventual improvement of the forecasting abilities of the mission-

. . 1
oriented agencies."

4, Satisfaction of Commercial Aviation Needs

As stated previously, commercial aviation does not require
radiation systems prior to the introduction of the first aircraft scheduled
to cruise at altitudes above 40,000 feet. The numerous investigations
sponsored by several government agencies are increasing knowledge of
the radiation environment at high altitudes and are contributing to the
subsequent development of systems adequate to permit routine use of
this space for commercial aviation. Even with the conclusions reached
by scientists as to maximum expected dose rates based on relatively
conservative and pessimistic assumptions, the future radiation systems
expected to operate before the first scheduled high-altitude commercial
flights seem adequate to prevent undue radiation exposure to passengers

and crews.

lFedera.l Council of Science and Technology, Final Report of the Panel
on Space Environment Forecasting of the Interdepartmental Committee
for Atmospheric Sciences, December 1964
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High-altitude flights would probably not be afiected more than
three or four times a year, and then only during one or two solar
maximum years. The consequences would be to reroute flights to _—
lower cruising altitudes or to reschedule flights during the brief
periods of maximum solar activity, The periods of solar activity
affecting high-altitude flight plans would last no more than several
hours each, and each event could be detected and observed by onboard

radiation warning systems as well as ground observatories.

E. Required Modifications and Related Costs

The worldwide radiation detection and warning system scheduled
for operation by 1974 will adequately meet SST requirements for sup-
port of the radiation warning system onboard the aircraft, Tlis world-
wide system is being financed by NASA and will require no capital out-
lays to permit use of the data for SST flight planning.

Many programs and systems, however, may ultimately contribute
to increased understanding and better definition of the high-altitude
radiation hazard as well as to refinements and improvements in radi-
tion detection and forecasting techniques, Some of these programs

or systems and their estimated costs are listed below:

NASA Apollo Space Radiation Warning

System (10 stations) ‘
Procurement and Construction $1,650,000
Annual Operation and Maintenance
at $60,000/station 600,000

HARES Program
FAA Instrumentation 100,000
FAA Data Reduction (3 years) 50,000

SST Airborne Radiation Detection

Equipment/Aircraft
Dose Profile 5,000
Accumulated Dose 2,000
Danger Warning (may have to Not yet
measure LET) available
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NASA Balloon Flights $ 350,000/yr.
Continuing NASA Space Radiation Studies
from the Office of Advanced Research
and Technology Indeterminate
Solar Proton Monitors on TOS Satellite
(2 years of continuous observation) 300,000
Riometers (Proton Bombardment Detection)
(-ESSA has about 12 in operation) 20,000 ea.
VHF Forward Scatter
(three links now in Arctic, three in Antarctic) 20,000/1link

In addition, ESSA is developing a satellite plan to satisfy its
future needs in space disturbance detection and forecasting, The plan
is scheduled to be fully developed before the end of 1967.

.
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SERVICES AND RELATED COST ESTIMATES
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X. CONCLUSIONS

Thorough examination of the economic implications of an SST on

enroute support services has resulted in the following conclusions:

1. The SST will impose no significant unique requirements on

airways, navigation and communications systems. Operational require-

ments imposed upon the SST designers dictate that the SST will perform
within the limitations and capabilities of the air traffic control system
programmed to be in operation. SST avionics will incorporate highly
accurate onboard inertial navigation systems thereby negating the need
for more sophisticated externally dependent navigational aids. No unique

SST costs are identifiable.

2. Although meteorological systems improvements are not

operational necessities, they are highly desirable for reasons of im-

proved safety and economy. While the experience of supersonic military

aircraft at SST altitudes has established that current meteorological
technology is adequate to permit safe, programmed operations above
40,000 feet without undue risk to aircrew members, inauguration of
scheduled, commercial, supersonic service will--for reasons of passen-
ger confidence and operational and economic efficiency--impose require-
ments for an improved meteorological forecasting capability. There
will be a need for better terminal area forecasts, more complete high-
altitude data on such phenomena as temperature, turbulence, jet streams,
wind shear, and particulate matter, and more rapid communication of
meteorological data.

Indeed there presently exists the desirability for these flight plan-
ning and operating improvements. Study and research into these aspects
are being intensively pursued, and systems to alleviate existing deficien-

cies in these areas should be operational prior to the first scheduled
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commercial flights of the Concorde. Therefore, their costs would not
be primarily attributable to high-altitude supersonic commercial avia-
tion needs.

3% The extent and exact nature of the radiation hazard at SST

cruising altitudes is yet to be determined. Current knowledge indi-

cates a need for both onboard radiation warning systems and ground-
based solar observatories. The warning system is considered a neces-
sary and integral part of the aircraft. The cost of the installation of
ground-based solar observatories is being borne completely by NASA
as part of the Apollo Space Program and is expected to fulfill SST re-

quirements. No unique SST costs can be identified.
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XI. RECOMMENDATIONS

Aside from the conclusions which have been drawn as a result of
this study of the enroute support services, there are certain recommen-
dations which can be made. These recommendations are intended to be
primarily reinforcements to planned programs which conceivably could
be delayed to the point that their contributions to optimum enroute sup-

port systems for the SST might occur later than is desirable.

A, Worldwide Meteorological Network

The establishment of a worldwide meteorological network is recom-
mended as a means of improving the efficiency and safety of worldwide
SST operations. Accurate and current preflight forecasting and enroute
weather information would also contribute to flight economy. Present
efforts should be continued at a pace that can ensure achievement of an
operational worldwide network prior to scheduled commercial supersonic

flights.

B. High-Altitude Radiation Research

Research should be continued in the fields of solar flare forecasting
and determination of biological effects of certain high-altitude ra-iation
components so that more realistic solar flare avoidance procedures
may be developed and better definition of radiation dosage guidelines

established.
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