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The Supersonic Transport was originally printed as a Library of
Congress multilith (HE 9901 U.S.A., 71-78 SP). The multilith was
updated and appeared as chapter three in the April 15, 1971 revised
version of Technical Information for Congress.* This reproduction
of the paper as it appears in Technical Information for Congress
is printed with the permission of the Committee on Science and

Astronautics, U.S. House of Representatives.

* Technical Information for Congress, Report to the Subcommittee
on Science, Research and Development of the Committee on Science
and Astronautics, U.S. House of Representatives, 92nd Congress,
April 15, 1971.
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CHAPTER THREE—THE SUPERSONIC TRANSPORT
1. IxtropUuCTION

This chapter examines some of the considerations governing public
acceptance or rejection of the supersonic aireraft (S5T) as & commer-
cinl transportation vehicle. ;

Mass public transportation by air has been & development of the
last half-century. It is today the primary mode of long distance com-
mercial travel. Its primary characteristic is speed. Each successive
generation of passenger aircraft has achieved higher speeds coupled
with larger carrying capacity than its predecessor. The issue at hand
is whether by action of the United States Government this process
should be continued bevond a natural barrier, the speed of sound.

The purpose of this study, bused on a 1eview of the literature of
the controversy, is to provide a factual perspeetive from which to
assess tangible and intangible costs and benefits of the S3T.

The underlying question: Static versus dynumic technology

The controversy over the SST may not be so much over the political
question as to the social worth of a particular technological inmovation
as over the broader question as to whether the processes and results
of technological innovation generally are a social good that should be
continued into the indefinite future. The literature of “technology
assessment” has identified this question us salient for the United
States today. Studies of the issue, most notably that by the Commit-
tee on Science and Public Poliey (COSPUP) of the Nutional Academy
of Sciences,! sugeest that even if the achievement of a stable condition
is the gonl, the level of technological achievement of today’s society
is inadequate to provide it, so that further technological progress is
indispensable in any event. The findings of students of technology
assessment reach a consensus on two further points:

(1) Each major technological innovation needs to be assessed in
ereater detail than ever before, and not once but repeatedly, to assure
that its second- and third-order consequences are tolerable to society;
and

(2) The social consequences of a technology need to be assessed
along with the technical and economic consequences.

Opponents of techinology appear to take various positions: (1) that
technology is itself undesirable because its side effects are inescapably
adverse, (2) that the pace of technological change is too fast to be
accommodated to the socio-political structures of human organization,
(3) that technological innovations oceur so rapidly that human orga-
nizations are unable to sort out the good from the bad, or (4) that
the variety of innovations produced by technology imposes such a
burden of choice in the individual as to impair the quality of life.

I 17.§. Congress. House, Comraittee on Scisnce and Astronautics, “Technology: Processes of Assessment

and Choice.” Report of the Committes on Seience and Public Polley, Natioual Aeademy of Sciences,
July 1969, (Washington, U.5. Guvernment Printing Office, 1964), page 115,
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Any substantial body of thought that opposes techuologicul inno-
vation per se, would be inclined to join forces with those who oppose
specific innovations on their own merits. While this study 1s coneerned
with the specific advantages and disadvantages of one technology,
viz., the 55T, the issue as to the general merit of technologv needs
.to be disposed of. The NAS Committee on Science and Public Policy
has put the matter in perspective with its conelusion;

The future of technology holds great promise for mankind
if greater thought and effort are devoted to its development. If
society persists in its present course, the future holds great peril,
whether from the uncontrolled effects of technology itself or from
an unreasoned political resction against all technological change.?

Although the economic aspects of technology tend to be decisive in
determining whether or not seme particular innovation should be
pursued, the ultimate values and costs— which are hard to quantify—
are environmental. As the COSPUP Report notes, “* * * technology
* * *is nothing more than a systematic way of altering the environ-
ment.” Accordingly, the report states: =

The choice * * * is between technological advanee thal proceeds without
adequate consideration of its consequences and technologieal change that is

influenced by & deeper concerit for the interaction between man’s tools and the
human environment in which they do their work.?
Moreover, the assessment of technology requires—

* * * not [for society] 1o congeive ways to curb or restrain or otherwise “fix”
technology bul rather to-covecive wavs to discover and repair the deficiencies
in the proees<cs and institutions by which society puts the tools of seience and
technology to work.4

If it be granted that techuology should not—and indeed cannot—
be generally arrested and frozen i today’s mold, then the question of
aceepting or rejecting a particular innovation rests on two subsidiary
questions. One is whether the system itself is or can be economically
self-supporting. Will it pay for itself? Ts there an economie demand
for its serviees, sufficient to justify the investment? This issue needs
to be answered quantitatively, and if the finding is adverse, the
1ssue usually becomes weademie.

The second question is whether the adverse effects of the innovation
on man and on the human environment negate the beneficinl effects,
and also the econoinic values of the innoviation. Since the adverse
environmental effects (unless they are unmistakably eatastirophic) do
not automatically generate s negative decision, the jssue becomes a
matter for poliey determination by the Government, This decision
rests nationadly with the Congress. Also, there is @ residual regulatory
concern, now being delineated in the courts, that rests with the States
atdd municipalities. No mechanismis yvet available for the international
assessment of a technological innovation.

With respeet to the SST, sinee a substuntial ontlay of funds is
required of the Federal Govermuent, snd sinee the asserted environ-
mental effeets are national—indeed global—the technoleey assess-
ment decision of whether or not to proceed with this innovation rests
with the Congress. It is both an econemic and an environmental issue.
Meanwhile, two other projects are already well along toward develop-
ment of commercial supersonic aireraft, one jointly by the British

4 Ibid., page 118,
3 Ihid., pages 2-3.
4 Ibid., page 15.
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and French, and the ather by the Soviet Union. To some exteut, these
competitive activities seem likely to reduce the scope of the decision:
it may be not whether the global environment s to reccive a civil
SST, but rather whose S5T.
Eeconomie considerations of SST development

The economic questious that confront the Congress are for the most
part those of straightforward costietlectiveness and demand fore-
‘easting. They are similar, for example, to aspects of the long-range
planning problem that snnually confronts top management in the
automobile industry,

What will be the costs of achieving cominercial supersonic
alr transportation?

What level of engineering design risk is involved?

What dollar benetits will accrue from this capability, to the
carriers, to the aireraft industry, to the using public, and to the
United States Government-—in other words, to the taxpayer?

How relinble are the estimates of future demand for the nse of
the l)l’{:j:ose'-d hardware?

What cconomic adjustments are implicd by the introduction of
supersonic flight, and what eosts and benefits are implicit in
these?

What is the proper form of management of the enterprise, if it
is decided upon?

What is the appropriate method of funding of the enterprise?

What would be the effect of banning the Concorde and TU-144
from the U.8.?2 Would the countermessures in international
economic competition caution against such a unilateral aetion?

Is participation of the Federul Government in the funding of
the enterprise the best use of its fiscal resources? Is there an
adequate financial return? In essence, does the SST assure an
approprinte net advantage in both tangible and intangible
factors, to the Nution and 1ts citizens?

Environmental considerations of the SST

The environmental consequences of the S5T appear to be both
complex and eontroversial. Some of these tend to interact with some
of the economie issues, Ifor instance, verhaps the most salient environ-
mental question grows out of the fact that the supersonic atreraft, by
virtue of its capuability to move at supersonic speeds, causes souie
booms. The question s thus raised as to whether these high-altitude
effecis will be an intolerable nuisance; the tacit understanding has
apparently been established that the proposed atveraft would travel
at supersonic speeds only over (he oceans —a constraint that would
seem to deprive the vehicle of a part of its petential ¢conomic ad-
vautage and flexibility.

The high power requirements fer supevsonic flicht, and the conse-
quent large consumption of fuel, imply that the sivevalt should be large in
size and carrving capacity if it 13 to pay its way. This requirement
leads to environmental questions which invelve the effeets of the
eflfuent of the aireralt: air polintion resulting from the necessazily
high level of cfiluent during take-off, and the conjectural climatie
consequences of high-altitude discharge of water vapor and particulate
matter. The nowse of the (necessarily highly powered) SST engines
on and near the ground is also cited as an environmental degradant.

TR
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Against these allegations of undesirable effects, there are such
positive factors as the reduction in number of aireraft per thousand
passenger miles {or per number of passengers transported), the saving
of time, the general benefits that are alleged always to result to a
nation’s technology {rom a large effort in some one direction, the
undeniable benefit to the nation’s technological posture where tech-
nology correlates increasingly with diplomatic influence, and the
probability that increased speed capability of wircraft in the air would
generate pressure on the airlines, as well as other participants in
transport services, to improve the lugging efficiency of on-the-ground
operations, toward making air travel a true system.

Another consideration, often overlooked, is thut a vigorons effort
in the advaneed technology of large-seale, supersonic flight, siming to
make it compatible with the preservation of a congenial environment
for man, can be expected to yield muany beneficial developments in
environmental science and technology that can be useful in other
problems and activities of environmental enhancement.

1I. BREAKING THE BARRIER oF SOUND

The first manned vehicle to explore the vegime of supersonic speed
was the Bell X—1, an American aiveraft piloted by Charles Elwood
Yeager.? During a sequence of 41 flights, all of brief duration, he
took the rocket-powered X—1 to speeds exceeding Mach 2,° and to
altitudes above 70,000 feet. The first flight through the sound barrier
oceurred Qct. 14, 1847,

The shupe of an airplane is a combination of blunt and shallow
curves, sloping planes, and edges. Air flows over each surface at a
different speed, sll related to the speed of the aireraft. The shape of
the aircraft is designed so that the air will flow smoothly by it, whether
the aireraft is moving slower or fuster than the speed of sound. How-
ever, there is a critical range of speed, the transonic region, which ex-
tends a few miles per hour on both sides of Mach 1. In this region,
parts of the air flow move subsonically and others move supersonically.
While in this regime, the aircraft 1s buffeted by shock waves and
turbulence. Yeunger found it advisable to pass through it quickly: to
remain in it too long was not only uncomfortable to the passenger but
hazardous to the structural integrity of the aireraft. However, once
the aireraft passed through this “transonic zone,” the air flow became
smooth again.

Yeager’s flights resolved the long debate among aerodynamicists
over the possibility of controlled flight beyvond the sonic barrier. Also,
he opened the supersonic domain as a useful realm to any aireraft

were marde by World War 11 pilots that they had broken the saunie barrier with their
as high g3 S00 mph, sometimes ac-
1, methods were not available for
s spomed pinusible at the tine,
cnoabout the transonic regime.
ler-driven aireraft, designed for
speed of souid,
ound. Mach 1 s
e of sousnd |

3 Numerous elan
propelier-driven aireraft in full power dives fton high aitituoe. Speeds
companied by sonic boums, were repovted. However, durine World War
nieasuring acenrately the speed of diving aireralt. Aithough these clain
Enowledge of compressibility effects was limited, sl nothiz
Sthsequent analysis has hiished that none of e Wo
subsonie Hight, could have exceeded 550 mph, a speed

s Speed is often given in multiples of, or fisetions
The name is that of the Aus isl, Ernst Mact
is not a constant: it varies prinmart L funetion of b sture and to a function of pres-
sure. With inereasing altitude, the air pressure deciines In v, but temperatare revs direetion spveral
times. As temperature declines, so does the speed of sound. The relutionship is expressed by the formnla;

ar 11 prog

the speed of sound,
1ot Mach 1) i air

spwied of
1016, The

Mach 1 (in mph) =33.54/T (in dezress Rankine)

At a cruising altitude of 60,000 feet, (the cruising altitude proposed for the S8T), the normal temperature is
minus 70° F, Mach 1 at this temperature is 650 wmph. At an altitude of 150.000 feet, temperature has risen
again, and is normally about 50° F. At this teraperature, Mach 1 is shout 750 mph, which is nearly what it
would be at the earth's surface on a 5° F day.
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with enough power to reach 1t. His experimoents signaled the beginning
of a vigorous research program to achieve supersonie flight routinely.
Military advantages of this capability scemed obvious; although the
commercial advantages were less so, acronautieal enthusinsts ob-
served that just as subsonie aireraft had drawn the four corners of
the United States conveniently elose, stupersonie aireraft would do
the same for the whole globe.

Importance of tnrbojet engine for supersonic Hight

The key to general supersonic flight was the turbojet engine. A
principal obstacle to the achievement of supersonic speeds with pro-
peller-driven aiveraft had been the aerodynamic Jimitations of the
propeller itself. The tip of the propelior entered the transonic regime
long before the speed of the aireraft did; at that point, loss in efliciency
through turbulence wasted power so that a speed ceiling of around
500 mph was generally accepted by acronautical engineers as the
ultimate top for propeller aireraft.”

Concern over the inherent speed limit imposed by the propeller led
two independent investigators to seek and find v =olution in the
turbojet engine. The first suceessful turbojet-powered aireraft, the
He 178, was produced by Ernst Heinkel in 1839; soon afterward,
Frank Whittle’s engines were used, in 1941, to power the Gloster
E-28. The Heinkel and Whittle engines both used a centrifugal com-
pressor as a fivst stage: air was compressed, expanded by burning fuel
m it, und then discharged through a turbine which drove the com-
pressor; forward impetus was provided by the jet thrust of the hot
combustion products after they passed through the turbine.

The turbojet engine offered a solution to the problem of propeller
speed limitation. Thrust and efficiency of this new system, contrary
to that of the propelier, were actually inereased with inereased forward
speed.

Early in World War [1, Whittle’s insistent warnings to U.S. military
authorities, together with the appearatice in combat of the ME 262
(a twin-engined German fichter whose top airspeed exceeded by 100
mph the speediest planes of the Allies), persuaded the Army Air Foree
that the turbojet was worth examining. A Whittle engine was obtained
and after a brief test, the Air Force asked the Genergl Electric Com-
pany to produce an improved version compatible with U.S. industrial
practice. An airframe was designed and built to receive the engine,
The project was condueted with incredible speed under high security,
camouflaged by preempting the project nomenclature of another
secret aireraft developiment, the Bell XP-59 which was subsequently
shelved. In 1942, the Boll new XP-59 reeeived its engine, flew sue-
cessfully, and introduced U.S. military and industrial aviation to
the jet nge.

w=driven piveralt wis 483 nipth, The record was
et ool wing was removed, leaving o span af

nele. of wlibeh alnos | s ot ih-
istid 30 8 ears earlie German

achieved by o modified Gritniman Fap “Heareut,”
250 feetsweight was redieed from o norad Erass of 10,
uted by the oversized etivine. The prior record, 400 mpt T 1t 1 :

ME 2R, swhich took it from the Ttalian Muechi A = Sedplane (40 mph in 1984Y, This 39 85 vears tie
speed of propeller-driven sireeaft bad been raised 43 sph, The Lerofe measures reguired to accompdish this
smlq:\l !!'m‘l'v:::-i-nl. of extra speed make further advances witlt piztoteigined, propeiier driven aircrafl,
unlikely.

* The [alisn engineer, Campini, in 1940 tried a workalbile
1le used a piston engine to drive n large
open tubular body of the aireraft wh
WS & trie jet, but the system was metlicient and Wus

TAs of Augnust 16, T, the oflicis] speed reeord for propells
135

hut inipractieal aliernative in the Caprowi N-1.

air compressor, air fion the compressar was cischarged throoeh the
= additional fuel was spraved into the air biust and jgnited. This
abundoned,
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It took 11 wears from that point to bring about the first U.S.
military aireraft capable of routine supersonie flight, This was the
first of the so-called “Century” series, the North American F-100°
which flew in 1953, six vears after the brief flichts of the rocket-
powered X~1A had breachied the sonic barrier for the first time.

ITI. Scaring vp tHE TECRNOLOGY oF SurersonNic FLianrt

Military efforts to.extend the application of supersonic seronautical
technology to larger aircraft produced an uninterrupted sequence of
misfortunes and controversies. When the Air Foree undertook a
supersonic replacement for the subsonic B-52 bomber, the first result
was the short-lived B-58. This three-man bomber could reach Mach
2.1 at 44,000 feet; it could cover its full range of 2000 miles in less than
2 hours. However, the B-58 was marginally useful; it fell short in
payload as well as in range for its intended inission as an interconti-
nental strike vehicle. .

The development span of the B-58 averlupped that of the B-70, of
which only 2 units were actually built and flown before the program
was dropped. More will be snid of this development, which had
consideruble sionificance for the evolving proposal later on to build
a prototype commercial transport for supersonie flight.

Meanwhile, efforts of the U.S. Navy to produce a large supersonic
seaplune centered on the P6M, under development by the Glenn L.
Martin Company in Baltimore. This design encountered several

tragic misfortunes in flicht before the project was terminated.

The last stage in the sequence was the F-111, a smaller supersonic
fighter-bomber system intended (in various versions or modifications)
for both Air Force and Navy use. The ¥-111 has remained contro-
versial sinee its inception.

I view of the fact that large commerciul airceaft traditionally
grew out of military antecedents, it may be useful to examine the fate
of one of these large supersonic bombers. :

The development of the “all-purpose’” B-70 bomber

Proposed as the world’s first large aireraft capable of long-range,
sustained, supersonic flight, the B-70 was envisioned as the logical
replacement for the subsonic B-52. It was also seen as fulfilling the
need for a super-performance surveillance aireraft. The further pos
sibility was later suggested that the geaeral prototype micht be
modified into a commereinl version o compete with conteinporary
(1859) Euvopean schemes to produce a funnly of short-range, inter-
medinte, and long-raiere supersonice aireraft for commercial service.

Tnitial desigin specifications for the B-70 were issued by the Al
Force in October, 1954, with an invitalion to aireralt companics to
compete for the job of prime contractor, The Air Foree plan was to
develop and deploy a fleet of these siveraft as long-range, multi-mach
bonmbers by the mid-1960°s. The plan fell vietim to prolonged con-
troversy. At first, problems centered on the wide variety of teehnieal
approaches advanced by the bidders. Then, as these were resolved,

* The North Americen Fo180 was o single sear fgliter poswered by a Pratt & Whitnay I57 turbolet. Tts
top speed was 253 mph ar 35000 feet altitnde, Tis engine conld produee 0000 potnds of statie thenst in
eridsivg, mid was equippe:dt with an “aserbnrner'” which fnereased the thrast to 16,000 s for short
periods, such as an takeotf. (An afterhnraer is a tubnlar extension or tailpipe, added to a et engine, In i
use, fuel is spraved dnto it and fEnited; the already hat exhanst gas is thus turther heated and expanded,
greatly increasing the exbaust velocity and resalting thrust of the systen.)

R e ae——
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the project nexi came under attack s an expensive and unnecessary
military alternative to the mtereontinental ballistic missile. Develop-
ment of the intercontinental ballistic missile, armed with a nuclesr
warhewd, had provided o weapon competitive in destruetive capability
with the long-range strategie bomber, 1t also reduced the striking time
of an intercontinental attack from hours to minutes. The military
commitment to bomber aireraft was undoubtedly lessened by tlns
alternative techrology, and with it the willingness (or neeessity) to
make the heavy investment required for its sucecesstul development.

Opposition to the B-70 program grew steadily from the time the
Air Foree relessed its Request for Proposal in 1954, By 1958, the
embryo aireraft was under attack by both missile advoeates and others
who saw it consuming an inercasing share of the deelining aireraft
budget in the (also declining) budget of the Department of Defense.
Presidential action came to terminate the program, November 30,
1959, slthough the President later granted the Air Force permission to
continue the B-70 as » minimum-cost, acrodynamic research program.
Somte Members of Congress were critical of this decision to drop
the program. The development was viewed as both an essential re-
placoment for the aging B-52, and a prototype for a eommereial SST.10
However, the President’s decision was firm, and the program eame
to a close with a few experimental and test flights of the two prototype
vehicles,

Lfforts to eommercialize the B=70 technology

The possibility of a commereial version of the B-70 was raised in
1959 when General Elwood Quesada, then Administrator of the Federal
Aviation Agency, called the President’s sttention to plans of the
British aireraft industry to build two models of commercial super-
sonic SSTs, one for short-range domestic service and another for
intereontinental service; as well as the pluns of the French aircraft
industry to build & medium-range SST, to be called the “Super-
Caravelle,” 8

General Quesada noted that the beleaguered B-70, by then jocalarly
referred to us the “paper airplane which would fly in u eardbouard sky,”
was in fact superior in technology to either the British or the French
SST concepts {independent at that time), The B-70 desien called for
continuous Mach 3 flight over a range exceeding 7000 miles; the foreign
firms were proposing smaller vehicles, to cruise ut speeds of less than
Mach 2. He therefore urged the President to consider the possibility
that o commercial version of the B-70 be designed to be the US.
entry in the emerging international competition.

In Quesada’s view, the eivil application woulld be derived {rom a
technology developed to satisfy a purely military requiremient. This
had historically been the conventional pattern of innovation of com-
mercial aireraft. As he put it—

Lver since the Wright brothers’ memorable aceomplishnent in 1903 the
Military Establishment had had a vigorous development progsram desiened to
meet their needs for inereasingly high performance aireraft. The pressing denunds

" For example, the Preparedness Tavestigating Suben tee of the Senate Armed Services Committes,
chaired by Lyndon B, Tohnson, reparted at the time: “Tranepertation of people snd cargo ar three tinnes
the speed of sound and above the wenther conld be attained throuch the ntilization of 370 technology in
;ﬂ::oiumerci:d air vehicle.” (Cited in “'Cougress and the Nation, 194531064, Congressinnal Quarterly, nisge

1 The Caravelle, built by the Snd-Aviation company, was France’s lirst comunerein! iet tratisport airpiune.
Its fivst flizht was May 27, 1055, 1t entered commercial serviee May 18, 1438, with Air Franee. Tha workd's
first commercial fet transport was the De Havilland Comaet, DH-106, which first few in 1445 and entered
ecommercial service with BOAC May 2, 1452,
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of national defense have characteristically given precedence to military budgets
for this purpose.

After designs were fixed and quantity production established to meot military
retpiirenients, it was often possible to build adegptations for purchase by air
carriers und use in the eivil fleet. This has been especially true in the development
of erugial components stuch as engines and propellers, as well as materials and
techniques of design. Thus, for over 35 vears commereial aviation has had the
advantage of leaning on and borrowing from a strong military developmient
program.*?
firaluation of the B-70 conrversion plan

There were technical advantages and disadvantages of this proposed
course. The value of the B-70 as a prototype lay in its advanced
aeradynamices, control methodology, high-temperature-resistant struc-
tural design, and techniques of fabrication. These were all gains that
derived from a substantial history of applied research spousored by the
Department of Defense. Application of these advances, acquired at
considerable cost, would give an American SST a significant edge over
the foreign competition. However, Quesada’s proposal had disad-
vantages as well, The long, slim body of the B-70 would not convert
well to civilian use. In the various proposals for this conversion, the
passenger sealing capacities ranged from 15 to a very erowded 100.
A converted version with the required upgrading for reliability and
design modifications for airline service was judged likely to cost about
the same as s completely new design for the specific purpose of com-
mercial service. A study for FAA, by United Research, Ine., reported
in October, 1960, that the development of a civil SST, based on the
B-70 prototype, would require about $1 billion, a fizure beyond the
financing capebility of individual firms in the aircraft industry, even
if based on a backlog of firm orders.®

At the close of his tenure as FAA Administrator, Quesada placed
contracts with two engine companices for 33T power plant studies, and
recommended an acceleration of the FAA program of studies of the
entire system. i

When President Kennedy took office, in January, 1961, he named
Najeeb Halaby as Quesada’s replacement. At the request of the new
President, March 3, 1961, Halaby organized a team to develop a
statement of national goals for aviation in the 1960s. One of the find-
ings of this team was a recommendation for intensified efforts to
produce o “Mach 3 transport.” It called for an SST design with
double the possible passenger accommodation of the B-70, featuring
a swing-wing concept.

As to funding, the study proposed that—

Government funds should be utilized through the research, design, develop-
ment, prototype and probably production stages. Every effort must be made to

recoup the Government's financial investment through some type of royvalty
system to be paid by the operators. !

Changing role of military technology

Beginning with the aftermath of World War I, civil acronautics in
the United States (and elsewhere as welly had leaned heavily on

1 ULS. Congress, House, Committes on Setencr and Astrouautics: “Supersonic Afr Transports,” Hearings
Pefore the Special Investizating Subeonunittesof the | .., 86th Cong., 2nd sess., May 18, 1960, (Washington,
U.5. Government Printing Ollice, 184} page 43,

B Don Dwigging. “The S8T: here it comes, ready or not.” (Garden City, New York, Doubleday and
Company, 198), page 117, (4 pages.)

" This was “Project Horizon,” a report of 4 task force consisting of Fred, M. (Flass, Stanfey Qerwitz,
Selig, Altschul, Leslic A. Bryan, Gerald A, (Juseh, Frances T. Fox, John F. Looshrock. and Peul Reiber.
The report of Project Horizon wus submitted to the President Sept. 5, 1461, and made public Sept. 10, 1961,
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surplus military equipment and on military-trained personnel. By
November of 1818, the United States possessed 10,510 aiveraft—
6,972 at home—and a large inventory of engines and spare parts.
Military trained personnel i the air arms, being demobilized, num-
bered 228,368. All this surplus aeronautical hardware deterred new
development or production, but provided an inefiicient means for a
precarious and subsidized air transport industry. Meanwhile trained
fliers and mechanics sought ways of using the skills they had been
taught. Further military development of aiveraft in the United States
lagged, and most of this activity was conducted in Europe and later
Japan.

During the two decades between the two World Wars, considerable
progress was made toward the development of commercial teansports.
Gradually, designs departed from the straitjacket of military proto-
types. This trend was epitomized in the development near the end of
that period of the DC-3. This wus a true trail-blazer, remarkably
economical for its time to operate and maintain. It spurred the pro-
liferation of many new feeder airlines and contributed immeasurably
to the spread of air service all over the world. Although it was a far
cry from combat aireraft, the military services made extenszive use of
it for transport purposes in World War I (the C—47).

The translation of the military advances in World War 11 into
civil aireraft designs was more involved and complex than it had been
20 years earlier. Under the spur of military neeessity the principles
of aeronautical design had been vastly improved. These principles, of

course, were the same, regardless of whether the function of the

design was military or civilian. However, the conficuration of an air-
craft was profoundly influenced by ils function, so that the same
seronautical design prineiples led to different final produets. Speeds of
postwar propeller-driven aircraft were not notably different for mili-
tary or commerciul service but cabin space was.

The powerplant as ley to aireraft cvolution

From the Wright Brothers to the present day, developments in
heavier-than-air craft have derived most importantly from innova-
tions of engine and power-train. Without the gasoline-fueled recipro-
cating engine, the Wright Brothers’ aireraft would not have been
possible. During the period following World War 1. important progress
was made in improving the horsepower-to-weight ratio of engines,
culminating in the turbo-compound reciprocatory power plant that
made Coast-to-Coast nonstop flight a commercial practicality. Again,
military requirements justified and paid for the advances in engine
technology. The eivil market was an cager but secondary outlet for
these products.

Wit]h the advent of the aircraft gas turbine engine, however, the
suitability for commereial purposes of military power plants become
less obvious or practical. The turbo-prop engine,'® while first used in
military aircraft, in England, in 1945, was quickly discarded for mili-
tary purposes. Its efficiency was highest at moderately low altitudes.
The aerodynamics of the propeller limited the speed of prop-jet aircraft
to the subsonic regime. However, beeause of its fuel economy, freedom

% The turbo-prop engine has a propetler attached throngh o gear hox to the front end of the suaft that
extends through a compressor stage, 8 fuel burning stage, anrd a turhine stage. The turblue provides the
power to rotate the entire assembly. There |5 also some residual throst from exhanst gas emitted from the
turbine into the tail pipe.
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fromi vibration in flight, and capability of delivering many times the
horsepower of reeiprocating envines r)f <0m]m able weight, it moved
suecessfully into the comuner LLLI field. The Viscount, powered by four
Rolls-Royce turbo-prop engines, becume operational in 1953. The
cOMINer (ml utility of the twrbo-prop, it should be noted, was not
and still is not fully exploited because its performance characteristies
did not warrant substantial military R&D investment.

The primary form of military gas turbine engine for aireraft is the
turbojet.’ This engine, which was operationally employed in both
Briti.ﬂ‘ix and German military aireraft by 1242 (the Gloster Meteor
and the Messerschmidt 262), derives all of its thrust {rom the exhaust.
At low altitudes, the turbojet is inefficient but at high altitudes its
efficieney is excellent. The principal problem is that it pumps in more
air than it can use, so that—especially at low altitudes—adjustable
restrictions are needed to linut the air intake. Although this kind of
engine is now being propesed for use in the SST, which would operate
wredominantly et high speed and alditude, its fuel consumption at the
ower speeds and altitudes of post-World War 1T commereial air travel
have made 1t marginally useful for lower-performance eivil aireraft.
The first commercial transport to use the engine was the British
Comet, in 1952, (Faulty cabin design of the Coret enused its with-
drawal after two years of service; a redesigned model appeared in
1958, still using turbojet engines.) The first U.S. aivliner to use turbojet
engines was the Boeing 707, in 1958; it was {ollowed 1n a few months
by the Douglas DC-8. In the ewrly ve rsions, both aireraft used un-
modified military jet engines. The eneines were turbojots (“pure”
jets) which were fine for high speed flight (speeds beyond the design
capability of the 707 and DC-8) but, in stressing this vital military
assel, the engines were not designed [or [uel economy.

Fortunately, a sideline investigation of little military interest was
Lo appear. One early device to deal w ith the surplus air which all ]tt
engines must. either use or defleet once in flight, was the “by-pass”
in this model of engine, surplus air is ducted sround the combustion
chamber and then added again at the tail pipe. The result is ang-
mented thrust and reduced fuel consumption especially at moderate
speeds and low altitudes.

Further increases in efliciency were offered by tapping the surplus
energy in the turbine gystem to increase the mass flow of air by
accelerating it with a large, front-end fan and then dueting it around
the rest of the engine 'hsembl\‘ This was the turbo-fan. Now in gen-
eral service in U.5. .nrhnvrs, 1t has un engine front that is larger in
diameter than the rest of the engineV

A belated commercial development, the turbo-fan appeared in the
United States in 1961 when the Pratt & Whitney Company modified
their military engine, the J-57, by adding a fan to the front end and
ducting the air stream around the body of the basic engine. This

18 The turkeiet, or true jet engive, ﬂvr]vu:u all af its thrust from its exhansg. Aidr i ".(!(:upf':i info an intake
aperture, is compressed by s comy ] el injected into the rampre -seed adr andl tenited, and then the
eombustion products foree r e which powers the comipressor gtage. (Com-
pressor and turhine are tior the simme tentral shefl,) Finally, the cotnburtion products are expelled
through the tul pipe o pe iet ghri
B The turbo-fan wis n.!.rrnrlu(‘Ld 1'\ the 1

thipugh a turhine s

sh Metropolitan-Vickers Company, In 1943, T'his was done
by modifying a turbojet engine, adding a twe stage, vontiprotating fan. ¢ 1uther primitive engine
inereased the thrist of the hesic tus wiet by £ pereetst, without additions! fuel consumption. 1lowever,
for military purposes, this conent was 1ot attinetive. The largs frontal area would luve too much drag for
speeds approaching Mach 1. Conversely, the sconomy and power provided by the turbo-fan at lower specds
made it important for cemmereial appitoetiong. But sinee the deve ent of gzs turbine engines was

i

funded al most entitely by the military services, the turbolen was lute i1l coming into use,
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modified version, designated the JT 3D, incressed thrust 5095 while
simultanconsly decreasing fuel consumption 139, The commercial
airlines quickly moved to take advantage of the innovation, Existing
equipment was retrofitted, and new aireraft were equipped with turbo-
fans. By 1965, virtually all nen-propelier-diiven eivilian jets, foreign
and domestic, were using the turbo-fan,

The rapidity with which the turbo-fan was adopted, once available,
suggests the importance of a substantinl R&D capability for the pur-
pose of advancing the state of the art of commercial airfvames and
engines, ‘Althougly the mulitary version of the turbo-fan had been in-
vestigated more than two decades earlier, its fuilure to offer significant
military advantage had resulted in a long and costly technological
lag in commercial application.

IV. Dereraixine Namionan Poriey Issues ov 15 SST

When President Jolm F. Kennedy took office, early in 1961, the
SST came into sharper focus. Deseribing limself as determined to
“get America moving again,” the new President invited opportunities
for active causes. Respending to this opportunity, Nujeeh Halaby,
FAA Administrator followed his predecessor’s initiative and urged
consideration of a civil supersonie transport program, He forund the
President receptive.

As the 88T project began to tuke o more tangible form, three inter-
locked questions became salient: (1) Should the Federal Government
assume responsibility for thie program? (2) If so, who should be in
charge? (3) What fiscal srrangements woull be sppropriate? All
three questions, of course, hinged on the overriding issue of Should
there be such a program?

Previously, in the devel pmoent of acvenaution] lurdware the mili-
tary services hnd mude all these decisions, subject of eourse to ultimate
congressionel vatification through the appropriantion process. Military
procedures followed o weil-worn pathi: preparation of a strategie
requirement, survey of techuologicnl alternatives, feusibility studies,
preliminary design competition, selection of @ prime econtracior, ne-
gotiation of & contraet with time-phased rarget objectives, and con-
currently the presentation of an over-all bill to the Congress in which
the specific project would be only one smull element among many.
But the SST project could not take this ronte.

Necessarily, it was a commercial project that needed to be compati-
ble with the commercial environment. Instead of satislying o strategie
military requirement, the SST proposal was offered to matceh the less
structured reguirements of meeting and surpussine foreign eompetition
operating from a different economic and politicul base, on o different
time scale, with a different state-of-the-uvt. 1t raised the kinds of
questions that private business orgsnizations normally 1y to an-
swer-—and profit only by answering perceptively, such as:

Would the end product find an adequate market for suffieient
numbers of units to go above the break-even point?

At the time it became available for sealed-up production, would
it be able to compete successfully in price, performance, and
maintenance with rival aireraft already on the drawing board?

What level of improved performance would be needed for it to
supersede existing subsomic aiveralt and outperform the new

ST-30T—T1——46
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foreign competition without incurring an excessive degree of -
engineering risk?

Risk is an inherent element of the eommercial environment, But
in the appropriation of public money, elimination of risk is a compelling
consideration. With the magnitude of the SST investment exceeding
the capacity of available sources of private funds, to make the project
go would require Government funding. How was the aspect of risk to
be dealt with?

Criteria for the decision to proceed with the SST

President Kennedy announced the SST as a national objective in a
Commencement address to the Air Force Aceademy, June 5, 1963, He
had taken time out for this visit in the middle of the delicate maneu-
verings that preceded the negotiation of the Limited Nuclear Test
Ban Treaty. Five days later, he would deliver his detente proposal at
The American University, in Washington, D.C., that he hoped would
lay the groundwork for an era of global peace and nnderstanding. It is
possible that he saw in the SST a dramatic illustration of the “plow-
share” principle, as well as a peaceful alternative to oceupy the uero-
space indusiry. However, he also expressly interpreted the SST as
evidence that the technology of manned flight—military as well as
commercial—retained its vitality. The commitment to the SST, he
declared, was “* * * essential to a strong and forward-looking
Nation, and indicates the future of the manned aireraft as we move
into a missile age as well

The President sketched briefly the terms of reference of the project.
It should be a partnership of Government with private industry. The
project management should be pressed to “develop at the earliest
practical date the prototype of a commercially suceessful supersonic
transport superior to that being built in any other country of the
world.”

An open, preliminary design competition will be initiated immediately among
American airframe and powerplant manufacturers with a more detailed desizn
phase to follow. If these initial phases do not produce an aireraft eapable of
transporting people and goods safelv, swiftly, and at prices the traveler can
afford and the airlines find profitable, we ~hall not go further.18

Soon after his visit to Colorado Springs, the President sent a letter
to Congressional leaders in which he discussed the eriteria and the
method of financing of a Government-sponsored SST. He enlarged
somewhat on the last item.

The cost of sueh a program is large [said the President]—it would be as greal
as one billion dollars for a development prouram of about six vears. This is bevond
the financial capability of our aircraft manufacturers. We cannot, however,
permit this high cost, nor the difficulties and risks of such an ambitious program
to preclude this eountry from participating in the logical next development of
commercial aircraft. In order to permit this partieipation, the United States,
through the Federal Aviation Ageney, must proceed at once with a program of
assistanee to industry to develop an aireraft.

The program proposed would call for a participation to at least 25
percent of the development costs by the manufacturers, and & further
contribution (amount unspecified) by the airlines through rovalty
payments. The ceiling on the Government investment would be $750
million, although additional eredit assistance might be extended to

B U5, President. Jolin F, Kennedy, “Remarks at Colorado Springs to the Gradoating Class of the 1.8,

Alr Force Acaderny, June 5, 1963."" Public Papers of the Presidents of the United States, 1963, (Washington,
U.8. Government Printing Otfive, 1), prge 441,
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manufacturers during the production process. The President stressed
that “participation by industry as a risk-taking partner is an essentisl
of this undertaking.” The objective was to build a commercially
sound wireralt, as well as one with superior performance characteris-
tics. The test of its economic soundness would be measured by “in-
dustry’s willingness to participate in the risk-taking.”

Thus, the project would be “principally & commercial venture,”
although it would “yield much technological knowledge.” The Pres-
ident summarized the further objectives of the 85T as—

To “muintain the historie United States leadership in aireraft
development”’;

To “demonstrate the technological secomplishments which ean
be achieved under a democratice, free enterprise system’’;

To “expand our international trade” through both its manu-
facture and operation;

To “strengthen the United States aireraft manulacturing
industry * * * and provide employment to thousands of Amen-
cans,” 19

The lag in U.S. aeronautical technology =

The President’s decision that the Government should participate
in the development of an advanced civil aireraft had followed several
expressions of concern that eivil aviation was failing to advance at a
rate commensurate with the domestic and mnternational markets. On
September 1, 1961, President Kennedy received a report prepared at
his request by the Task Foree on National Aviation Goals (Project
Horizon).?® The report was intended to “define the technical, economie
and military objectives of the Federal Government throughout the
broad spectrum of aeronautics.” 1t identified the emergence of the
spuce program and the reduced emphasis by. the military on the
development of manned combat aircraft as major causes for the lag
in civil aeronuutics development, Said the Task Force:

An adequately funded, prudently managed, continually updated research and
development program is essential to the maintcnance of U8, world leadership
in aviation, Federal Governuient responsibility for aviation research has long been
recognized and its participation in such research has been extensive. However,
in the past Government-sponsored acronautical rescareh has largely been stimu-
lated by military requirements for advanced manned airerafr, In recent vears this
stimulation hus declined as a result of the growing concentraiion on development
of missiles and space svstems br the military and by the National Aetonautics
and Space Administration. It is no longer possible for eivil aviation to progress
mainly by reliance on the byproducts of militarv-related researeh and develop-
ment programs,

There is no guestion that acronanties is running a poor second to space tech-
nology in the time, talents, facilities, and funds expended on it within NASA.
Steps must be tken to upgrade recognition of an activity in support of this
national requirement.

With the deeline of military emphasis on manned eombar aireraft, some shift
toward a more centralized eoordination of civil aviation researeh and development
in the United States appears needed. This need is sharpened by the fortheoming
requirement for more extensive Government finaneizl participation in essentially
civil acronautical development programs, such as the supersonie trangpore.t

B LS. President. John F. Kennedy., “Letter to the President of the Senate and to tha Hpeaker of the
House an Development of a Civil Supersonie Tranzport. June 14, Iwd” Public Papers of the Presidents
of the Lnited Srates, 1003, (Washington, 1.8, Goverminent Printing Otfies, 14}, pages 47557

# U, Task Force ou National Aviation Goals. ““Prolact Horizon. " Report of the . . .

deral Avistion

Aganri-_v. September, toal. (Washington, U8, Government Printing Oftice, 1961}, 230 pages. See pspecially
page 17,
U Ihid., pp. 48-40.
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These views were echoed in Congress vhere a staff report of the
Sengte Commitiee on Aeronautical and Space Seieneces noted that US.
aeronautical technology was falling behind: “Other countries of the
world, with less responsibility than the United States for peacekeeping
and international prestige, have continued developments in aeronautics
which could commmand substantial markets and adversely affect our
balance of trade.” # The report expressed concern over the assertedly
diffused responsibility for natioua]l policies for aeronautics and par-
ticularly the want of a federal poliey for sustained technologieal
development of civil aeronautics. The need for an integrated national
system of air transportation was real, un-met, and under-valued. Said
the report, in part:

An obvious contrast may be hoted when the rescarch and development program
for acronautics is compared with the total NASA appropriation (£124 million
out of $35,012 billion or about 2 pereent for fiscal year 1967). A more meaningful
: question is whelher the funding and the program for aeronauntics are adequate,
- regardlesg of the magnitude of the space program.

Also—

Civil acronauties is an inerensingly important part of our economic system
with great potential for our international balance of trade and technological
prestige. [Moreover], There is a notable absence of national transportation

- system poliey to define the role of various modes, 1o study the problems of inter-

:1 fices between modes, and to choose among technological alternatives®

: Operationally, civil acronautics seemed on the threshold of an
3f unprecedented potential for growth, both in the United States and
"l - abroad. The United States dominated the world market {or aero-
4 nautiesl goods and serviees, vet, seronautical services, domestically,
4 were steadily declining in quality as unsolved problems of congestion

intensified. New development activity seemed to be stagnant. The
Nation, Congress was told, eould ill afford cither the deeline of domestic
service or the relinquishing of its position in the world aeronautical
; muarket.

Representative Ken Hechler, speaking for the House Subcommittee
on Advanced Research and Development, wagned that the US.
position in world aeronautics could casily be lost:?

The impact of acronautics on our Nation and on our global soeiety over the past
two decades is dramatie. Those areas we onee ealled independent geographie
rezions have vanished. Salf-snificient nations are alzo a part of the past. The art
of flight has drown the world together and whether we like our close neighbors
or not, the effect is not reversible. To the eontrary, the effects of aeronautical
technolosy on the way our world functions will become even greater with time.
Thix is un enviable position for a technology. It is ¢ iable beeanse it provides a
view of the fulure in which the world's societies ean aceept nothing less than the
rapid growth and improvement in all aspects of acronantical products and services.

This eommittee jooks at this prospect of great crowth and development with
enthusinsm but also with deep coneern. These bright prospeets are predieated on
the rizsing world requirements for acronantical produets and services, However,
the number of participants i the acronautical community, competitors if von
will, is also rising. This bright period, as it applies to the acronautical future of
any nation, inelnding onr own, is neither automatic ner inevitable=?

Studies by the executive branch and in both Houses of Congress
found the rate of progress in acronautic technology inadequate for =
future domestic requirements or to preserve the Nation’s position as

2 4Poliey Planning for Aeronautical Research and Development,” on. ¢it., pugs 1.

23 [hid,, page 3.

2 L8R, Congress. House, Commitiee on Scienee and Astronautics, “Avronautical Hesearch." Hearlngs -
before the Subeommittee i Advaneed Research und Techndln fthe ., . Decemlber 1, 2,4, % 49, 10,
and 11, 1464, (1st Congress, first session. { Washington, Uz, Government Printing Oflies, 197y}, pages 2-3.
O pages.)
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the world's prime exporter of scvonautical coeds. Hitherto, the flow
of advanced technology into the eivil sector from military R&D had
nourished eivil acronsutics and had enabled it to dominate the world
market: in the deeade of the 1250°s the low of military RE&ED ne longer
served this funetton. To an incressing extent, militery aireraft were
being developed as one component of a completely interrated weapons
system. The “systems approach” wis o sharp contrast to the former
practice of developing an sdvanced aireraft and then ontfitting it
with weapens. Highly speciafized military aireraft as system com-
ponents were inapproprinte for conversion te eivil uses. Aloreover,
missile systems were far more competitive thun complementary to
airceraft. Advoeates of new missile systems challenged manned aireraft
as obsolete. The inipetus for missile development and employment
was a major faclor i diverting emphasis from aireraft development.
(Ci'r:zll‘ﬂ\“ it had contributed to cancellation of the B—:f} originally
scheduled to 1‘:1])| we the aging B-52 in the carly 1060’s.) With demise
of the B-70, Air Foree interest in large supersonic sireralt was blunted
for almost a decade.

Other aress of military aecronauties in which de \‘:'lu;nucuh would
nave served eivil needs were also set aside. These included VTOL.
and STOL systems for tuctical fighter support, as well as for heavy
aerial logistics to locations lacking conventional runways

NASA {and its precessor ageney. the National Advi 15:}1‘5‘ Commitice
for Aevonnuties) had served hoth ‘the military and the civil sector as a
resotiree for research, but not for the development of whole aireraft.
Here too, aeronautics was now being superseded by th @ SPACce Program.

Studiecs leading to the President's SST decision

President Kennedy in his Air Foree Academy speceh and the sub-
sequent messuges to Congress had resolved for the timie being the three
policy issues (1) There was to be an 83T: (2) the program would be
under the direction of the Federal Aviation Acency, aud (3) it would
be funded mainly by the Federal Government, with private industry
assuming one-guarter of the risk, and the Fede ral funds ultimately re-
captured from user royaltics. Many studies and analyses had led to
these decisions,

The first of these was the Task Force on National Aviation Goals.
Lts study, “Project Horizon.” had recogrized in 1961 that support
funds by the Govermment would be necess: iry, but also that they
should be recovered:

Government funds [said the report] should be niilized through the resesreh,
design, development, prototype, and probably prodietion stuges. Every “ffort

must be made to recoup the Government's finaneinl investmont Iiar(mcvh =0me
type of rovalty system to be puid by the operators

Even before the Task Foree had 1 ade its formal report, & separate
three-membor 35T Steering Group” had proposed m‘pm.ltel\' that a
Qupvrmmc Transport \nr.nsmt\ hv formed cither independently or
within the structure of an existing ageney. ‘

In November, 1961, Halaby establishid another advizory body to
serve the 53T -«tvmmg group. it was called the Supersonie Transport

# Don Dwiggins. "The S5T: Here 1t Comes, Heady or Not." (Garden City, New Yok Pouhleday &
Cnmpm\ Ine boprage 120 Memdiors of the steeriug gronp were N Halahw, FAA Adnvinistritor
John Stack, NARK Dircetos of Ao rienl Rose -lcl' und Brockway MoAtilinn, Assistant Sceveiary of
the Air Foree for Rescareh and Developnient. !

-y
T

S Projoet Horizon." op. eit., paee 15,
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Advisory Group (STAG).Y This group recommended Federal manace-
ment for the SST program and rvepeated Halaby's recommendation
for a Supersonic Transport Authority, headed by an individual -
pointed by the President with adviee and consent of the Senate. The
S5T Authority, it said, should be placed within the FAA.

As between the FAA and NASA [reported STAG] we belicve the choiee is a
close one. NASA has the greater expericnee in aerodynamic rescareh and in miatag-
g large research and development programs. FAA has the creater knowledge and
experience in the desizn eriteria for efficient transport aireralt, and in the diffeult
problem of inteprating such aireraft into “he air trafiic patterns already under
FAA supervision. [Aceordingly, FAA should s=sume primary respousibility for
SST development, but not in the sense of competing with either NASA or private
industry.]

The SST design visualized by STAG ** wus quite different from
the version finally selected for construetion, The Group judged speed
rather than size to be the primary criterion for market competition
with the Concorde, and wccordingly recommended an aireraflt of
siinilar size and weight (about 175 tons) bt capable of Muach 3.5 as
against Concorde’s design speed of Mach 2.0 (2360 mph versus 1350
mph). STAG predicted & range of 2400 miles, too short for non-stop
transatlantic service. They foreeast a pre-production development
cost of $1 billion, recommending that industry furnish 10 pereent.
Finally, they suggested an early announcement by the President that
the development of un SST receive the status of a national objective.

STAG’s report came to the President in January, 1963, at about
the time Congress appropriated $31 million for SST studies. He asked
Viee President Johnson to form a Cubiset committee for a final as-
sessment; a favorable report was returned June 1, 1963, Four dayvs
Jater, at the Air Foree Academy he announced the SST as a nationul

. L4 . *
objective.

Repeated Presidential endorsement of the SST program

Lyndon Johnson as Vice President was instructed by the President
to continue the effort, which he had begun in the Senate, to foster
plans leading to the developruent of the SST. To aid him, the President
established a Cabinct-level committee, chaired by the Viee President,
whose mission was the coordination of plans to initinte the nationsl
program to build an 337,

Johnson assumed the Presidency on Nov. 22, 1963, only a few
months following initintion of the progrwm. In Junuary of 1964,
adhering to the timetabie established by President Kennody, a 210-
member, governmental evaluation group. drawn from FAA, NASA,
USAD, Navy, CAB and the Dept. of Commerce reviewed the pro-
posals submitted by three airframe and three engine companies.
The review team found all designs inudequate aud reported their
findings to the President.

In April 1964, President Johnson announced the negative results
and simultancously announced the formation of the President's
Advisory Committee on the Supersonie Transport to be chaired by

7 8TA G owas chalred by Orval R, Cook, General, U8 A F. (rer.), president of the Aireraft Industies
Associatior

W4 The 8571 Here 1t Comes, Readvoor Now” Op.eit., p. 128

2 The STA G report discussed an 5T of Mach 2.5 st A7 for the enrrent 88T version, the Bomng
2707-300, Aside from this ditfereee, the STA G report e lower estimated performance eriteria. In

fact, the curtent Hoeing version wader consideration at tHieelose of the ealendar year WL is desivued to bave
twice the range and payload of the model judged feastile by STA G in 1063,
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the Secretary of Defense. He instructed his committee and the Ad-
ministrator of FAA (a2 member) to provide further recommendations.*?

He received an interim report, recommending design study awards
to Boeing and Lockheed May, 1964, Then, May 21, 1964, he asked
Halaby, FAA Administrator to make the awards™

On July 1, 1965, at the swearing-in ceremony of General Wm.
MecKee, to replace Halaby as FAA administrator, President Johnson’s
welcoming speech to General McKee was also a mandate to proceed
with the SST program. The President stressed the importance of the
SST as a part of his new assignment. That assignment, he said, was
“ok x % {6 develop a supersonie transport which is, first, safe for the
passenger, second, superior to any other commercial aireraft, and
third, economieally profitable to build and operate.” ** The President
devoted most of his welcoming speech to detailed instruetions for
the program over the following 18 months. He explicitly reconfirmed
FAA’s responsibility for the guidance and full management of the
program.

The final selection of Bocing and General Eleetrie as the preferred
airframe and engine suppliers for the S5T was announced by Mellee
on Dee, 31, 1966, On April 29, 1967 President Johnson authorized
the Secrctary of Transportation, rather than the FAA, to award
prototype contracts to these firms®

This action transferred the primary responsibility for manage-
ment of the SST from the FAA. Presumably it was in recognition
that as a regulatory agency over air transportation, the FAA would
encounter a conflict of interest if it engaged in the development of
a vehicle for use in air transport which it would later be (-ullled on to
certify and regulate. This problem had been foreseen by the Super-
sonic Transport Advisory Group (STAG) in urging that an inde-
endent office be ereated to manage the program. However, during

resident Johnson’s terms of office, management of the ST remained
with FAA.

The 1967 design offered by the Boeing Company encountered an
unexpected set-back in final design evaluation. It offered a “swing
wing”’ or variable geometry airfoil structure which, at the present
state of the art, was judged to present an msoluble proablem of exeessive
weight. President Johnson’s goal of an economically sound and com-
petitive vehiele would be jeopurdized by the design constraints
amposed by the swing wing. Accordingly, the Boeing engineers asked
for a vear’s delay to go “back to the drawing board.” This delay,
through 1968, ran to the end of the Johnson Presidency.

On coming to office, in January, 1969, President Nixon asserted the
same favorable view of the SST as had his two predecessors in office
and established an Ad Hoe Committee to review the status of the
program for him.* On January 15, Boeing submitted a new design,

Y5, President. Lyndon B. Johnson, “The President's News Conference of Apvil 25, 1" Pulilic
Papers of the Presidents of the United States, Lyndon B. Johnson, 106364, Book 1. (Washington. 1.5,
Government Printing Otlice, 1463}, pages 530-1,

# 1.8, President. Lyndon B, Johnson, “Statement by the President in Response to a Report ou the
Supersonic Transport Program,’’ In Thid., paee 702, 5

32 UL2, President, Lyndon B, Johnson, ** Remarks at the Swearing in of General McKee as Administrator,
Federal Aviation Ageney.'" July 1, 1335, Public Papers of the Presidents of the United States, Lyidon B,
Johmson, Book 11, 1665, (Washington, U8, Government Printing Office, 19661, page 714,

# U5, President. Lyudon B. Johnson, “Statement by the President Upon Authorizing Construction of
s Prototype SBupersomic Transport Afreraft, April 20, 1967 Public Papers of the Presidents, 197, Book L,
{Washington, U.5. Government Printing (flice, 1968), page 478

M “Zupersonic Transport Program,” February 27, 1064, Weekly Compilation of Presidential Documents
(March 3, 1964), pages 324-330.
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calling for a “fixed wing”, and FAA commenced a design review. This
design satisfied the criteria and on April 1, 1969, the Secretary of
Transportation sent proeram recommendations to the President.
After further study in the Executive Office, the President sent to
Congress, September 23, a request for $96 million for the fiscal yvear
1970 and for an anthorization of $622 million for use through the fiseal
year 1964, to support the SST program. In answer to eriticisms that
were beginning to be expressed in the Congress, the President said:

What is involved here is not just 150,090 jobs which will be lost if we don't
build ir, not just the fact that hillions of dollars in foreign exchange will be lost
if we do not build it; but what is lost here iz the fact that the United States of
America which has been first in the world in eommercinl aviation from the time
of the Wright brothers decides not just to be second but not even to show.

Now not out of any sense of jingoism but becanse this plane is going to be
built, because it’s going to bring, for example, Asia, no only Japan but China,
in the last third of this century 3 hours from the West Cosst to Asia—T think
the United States should build it and I believe that we ean answer the argutients
of the conservationists
Transfer of Government responsibility for SST management

On April 1, 1970, an Office of the Supersonic Transport vwaos estab-
lished as an independent entity within the Department of Trans-
sortation, reporting directly to the Secretary. As its Director, the

resident designated Williamn M. Magruder,  with a background
as an acionautical engineer and experimental test pilot, and experience
m executive management with Douglas Aireraft Company and the
Lockheed California Company. Formation of the new Office coincided
with completion of preliminary phases of the SST design, up to the
point at which commitments could be made for actual construction
of prototype siveraft.

Estabhshment of the new Office of the Supersonic Transport was
consistent, with the responsibility of the Secretary of the Department
of Transportation to conduct programs to advance the fransportation
art. It ulso complied with the recommendations of various presidential
advisory groups that the SST should be under a separate office. The
possibility of conflict of interest was also removed, since under the
previous arrangement the FAA would be in the position of certifying
}01' comuercial service its own aireraft.

Although the anthorization of President Johnson for prototype con-
struction had zone to the Seeretary of Transportation, the manage-
ment role of FAA had not been changed in response to this redirection
of authority. However, it should also be noted that the involvement of
Presidents Kennedy and Johnson in the SST program had been so deep
that they, in effect, along with various special advisory groups report-
ing to them, were practically managing the program. Both Presidents
had turned to FAA as the only aeronantical office in the Department
of Transportation, and as an agency under the immediate supervision
of directors appointed by them, as an appropriate resource to carry the
program through its formative stages without the loss of impetus that
reorganization might cause. President Nixon came into office as this
formative stage drew to a close. Accordingly, establishment of the
new Office and the transfer of the program from FAA constituted a
maturation process along lines envisioned from the start.

B 4The President’s Wews Conlerence of Diecember 10, 1570." Weekly Comnpilation of Presidential Docu-
ments (December 4, 10700, page 1652,

¥ From 1967 until the joiped the 38T program, Mr. Magruder was chief preliminary design encinesr of
Lockheed™s Tritet L-1011 program. Prior to that, he served as technical dirsctor of Lockheed’s S3T design
in competition for the prototype contract, awarded in 1967 to Boeing Company.
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Change in national aeronautics policy evidenced by the SST program

Although both NASA and FAA had long participated in or sup- 3
ported research, FAA in navigation aids and NASA in the proving of
aireraft concepts by the use of experimental wireraft and design
systems, they had always stopped short of actual development of
civil aireraft. Historically, the burden of cost had been borne first 4
by the military services, and then by the private scetor of the aircraft
industry. The formative years, during which aeronautieal systems
had developed to their present technical level and economic status,
while never smooth, had been reasonsably effective.

However, by the mid-1960s, parts of the air transportation network
became overcrowded., Acute congestion began to distress the public
and erode airline profits. Passenger safety became of concern to the
public and to the Congress,

Out of this evolving concern there emerged & new national policy
for aeronautics, more taeit than explicit. In essence, it ealled for civil
aeronanutical development as well as research to be funded and man-
aged by federal agencies, for joint analytical and anticipatory studies
of needs and solutions by NASA and DOT, and a redirecting of
advanced research and development to meet needs and solve prablems. ]

As the poliey took concrete form, it represented a funded atiack k-
on three sets of tasks; (1) improved productivity of aircraft through
the large, supersonie transport, (2) improved compatibility of aireraft
with the environment through improvements in engine acoustics and
combustion, and (3) evolution of an alr transportution system on 8 :
point-to-point basis instead of from airpori-to-airport; this task un- ;
plicd the evolution of “short-take-off-and-landing” (STOL) and *“ver- i
tical-take-off-and-landing” (VTOL) aireraft. The economice and en-
vironmental aspects of the 88T, the first target objective of the
changed policy, is the subject of the rest of this chapter.

T P e e s B M i

V. Ecoxoyic CoNSIDERATIONS OF SupErsonic Frigur

This seetion assesses the economies of the SST in the overall context
of the air trausportation industry, applying the cardinal prineiples
which have determined the evolution of today’s aerial transports.
Since the earliest days of the 88T program, the rationale for building
the aircraft has been a major issue. Is the program driven by an
economically wasteful desire to win in an international competition or ]
15 the SST an essential part of a strictly practical business vonture? =
The price tag for the Boeing S5T as now envisioned is nearly twice
that of the most expensive subsenie jet® Can such an investment
pay—or does it represent a generous gift to the aflluent air pussenger?

Capacity and speed as prime determinants of proyit
Some of the single engined mall planes of the 1920’5 could carry a
paying passenger. It quickly became obvious that a slightiy larger
plane would have whout the sume fixed costs, shelter, maintenance, and :
crew, but could carry more paying passengers. Sinee the fixed cost 1
. would be about the same, the higher price of the plane could be weighed
against the work it would do. If it could earry four fares instead of
one, the higher earning rate would usually more than justify the higher
purchase price.

!

- T The 22T i estimated to cost about $42 million (with spares) as compared with $22 miliien (with spares) 2
for the Boeing 747 (1968 dalisrs).
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Suceessful operators (those with enough available paylond to merit
the purchase of two aireraft) discovered another advantage of larger
cupacity: A slightly larger aireraft could earry the pavload which now
required two sireralt. The price, however, might be almost double that
of small ones. Even so, the larger aireraflt was usually more economi-
cally attractive for two reasons: (1) a saving of about half of the fixed
costs because maintenance and crew costs would be for one instead
of two aireraft; and (2) flexibility because idle space in a large air-
craft is less costly than the fixed costs related to owning twice as
many aireraft. In essence, increased payload capability was pro-
portionately more important than the purchase price of the vehicle, as
long as the larger aircraft enabled the operator to reduce the numbers
of his fleet.

Similar benefit was conferred by aireraft speed. 1f payload ecapa-
bility of all aireraft was equal and a hicher purchase price bought
higher speed eapability, then the operator could analyze his routes and
workload to learn whether the faster aircraft might make two trips per
day or at least do enough additional work to permit operating a smaller
fleet.

Thus, airline income was tied to aireraft productivity: numbers
of passenger miles or ton miles per day. Costs were determined more by
number of aircraft needed than by their purchase price.

. Maximum return on investment therefore favors owning the fewest
possible number of high productivity aireraft. An operator whose
pavload for a given route doubled, could accept this additional busi-
ness by buying a second aircraft. But a more economical solution

- would be to dispoese of his small siccraft in tavor of one with twice
the payload capability. In practice, he would look for somewhat more
than the doubled payload capability so as to have a margin for future
erowth.

Aireraft eosts as minor factor of airline economics

As aireraft get larger und faster, price rises sharply. The impression
may be general that the price of 2 new plane today has already risen
completely out of proportion to its shghtly smaller predecessors. Bui
the operator is buying a piece of production equipment in which price
is related to how many revenue units (seat miles and ton miles) it
can produce an hour. Each time aircraft have increased their size and
speed, the purchase cost per seat mile vielded in an hour has become
less, not more,

The price of a Boeing 747 is about $20 million, almost twice the
price of the Boeing 707. Yet it is slightly faster and ecan haul more
than twice the payload. The purchase price in terms of revenue
units vielded per hour is therefore lower, not higher, than the Boeing
707. In addition, the operator has reduced his fixed costs by trading
two aircraft for one.

Aetual financing status of U.S. airlines

Meeting the rising market for air travel with the smallest possible
fleet has merits that extend far beyond the economic health of the
operator. Table 1 shows actual passenger miles for 1959 and projects
totals for future years. (It is only illustrative, being based solely on
passenger-mile requirements).

1
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TABLE 1. —NUMBER OF AIRCRAFT OF VARICUS TYPES NEEDED FOR AMMUAL TRAFFIC

Number of aircraft of each tyoe required to carry
annual traffict

1959 1871 1980 1350
Aircrafl:

CDC—3___________.____ iy e e et s b 10, 167 47, 416 145, 150 284,833
PC-6. . 1,794 8 378 25,615 50, 265
07 ) 465 2,188 6 699 13, 146
T 185 2,406 4,721
N ) e 1, 469 2,887

! Office of Supersonic Transport Develooment, Department of Transportation. “U.S. Supersonic Transporti—Grey Eook."
Prepared by the Oftice of the Supersonic Transport. (July 2, 1970, p. 6.1.5 {mimeo).

In spite of the fact thut the increased capability of sireraft has ex-

panded service faster than fleet size, many of today’s airports and part

of the air traflic control system are saturated by today’s fleets of 2,500
aireraft. The growth in domestic air travel compared with that of the
commercial fleet is illustrated below.

TABLE 2—GROWTH OF AIR TRAVEL VERSUS SIZE OF COMMERCIAL FLEET

Billion

Rircraft Percent passenger

fleel jets milas 1

e 1,827 16 29.3
b 2 403 94 95.9
e e e R R €6.6
Increase pereent. . ... ) e e 230.0

1 Table derived from information conlained in Air Transsort Association of America, *1970 Air Transport Facts and
Figures," official publication of the * * * (Washington, D.C.). p. 43.

Step function gains in aireraft productivity

The first leap in productivity of the postwar transport aircraft was
the transition from the small twin engined aireraft like the DC-3 to the
four engined aircraft in the DC-6 class. Speed was doubled and pas-
senger capacity was multiplied by more than five.

Growth of air transportation shows a characteristic step funétion.
Each new generation of vehicles has produced sienificant inereases in
capacity, performance, and economy of operation over its immediate
predecessor. The decade chosen for comparison in the preceding tables
covers the second leap in productivity—the transition from the piston
engined plane to the jets. Both passenger capacity and speed were
doubled over that of the DC—6’s and DO-7's, Productivity per air-
craft therefore rose by a factor of 4.

In cach transition period, purchase prices of aircraft rose sharply,
but the additional cost was small in relation to their capability to
produce revenue. The effect of the more productive equipment was
reduction in operating costs despite the steady overall inflationary
factors which tend to drive all costs upward. Table 3 shows the point
at which the effect of cost reduction of the new aireraft, and the effect
of cost inflation cross.
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TABLE 3-—AIRLINE REVENUE VERSUS PASSENGER MILES, 1959-691

Ravenue Rate of Profit
Total Tatal passenger return on margin on
operating gperating mites flown Tiet profit investment szles
TEVENLES EXPENSES (millionz) of loss (percent) (percent)
Total industry:
185 2,618, 471 2,485,122 36,371.8 72,881 6.2 2.8
50, 3,780 741 88, 453.7 223,172 9.8 5.3
4,285,923 62, 676.5 367,119 12.0 7.4
4,059, 541 79,889.3 427,633 10.9 7.4
6,156,532 98,746.6 415,388 1.6 6.1
7,237,612 113,958.3 216,130 5.0 2.8
8,395,219 125, 414.2 55, 308 3,3 .6

L1870 Air Transport Facts and Figures,"” op. cit. pp. 26-34,

The transition to the jets began in 1959 and was completed by the
middle of the 1960’s. Profit rose steadily and peaked during 1965.
The advantage of the improved equipment and the effect of steadily
rising inflationary costs crossed during 1966 and profit began to de-
cline even though demand continued to rise steadily. By 1968 the
advantage of the improved equipment, in terms of airline operating
yrofit had largely vanished. The finuncial status of the anline industry
in 1969 reveals a marginal status for survival,

A general decrease in the amount of serviee now availuble could
preserve profit margins for a time. A deereese in the number of flights
could inerease the load factor on remaining flights, Single-flicht-per-day
routes having light loading conld be cancelled. Remaining flights could
be rescheduled to nse the unerowded midnight to morning hours to
reduce losses due Lo congestion. In the long term, however, the opera-
tors fuce the alternative of fare inereases or new aireraft desiens which
will permit another transition toward higher productivity (larger and
fuster aireraflt).

In the ten vear period between 1959 and 1969, inflation decreased
the purchasing power of the dollar by 289, Nevertheless the average
passenger fave remained about the same. When this factor is con-
sidered, and 1969 fures are adjusted for constant purchasing power
bused on the 1959 dollar value, it may be seen that the average air
fare has decreased in price by more than 259 during the decade
Passenger amenities—A derivative gain of design advances

The little mailplanes of the 1920°s, with an extra cockpit for a
paving passenger were replaced by larger single engine aiveraft with
closed cabins which would accommodate from 2 to 6 passengers. A
few twin engined and three engined fabric-covered plunes wppeared
in the late 1920’s, offering up to twice as many seats. Passenger com-
fort rose markedly with each change. Oune aireraft of the late 1920’s
even featured a toilet. (Unfortunately its oniy door was an exterior
one. It was for use at refucling stops which might not have terminal
accommodations).

With the all-metal twin engined aircraft of the early 1030°s, the
Douglas DC-2, the Boeing 247, and the Lockheed Electra (the first
Electra), the prerequisite of coursge and fortitude was greatly reduced
for the air passenger. With these aireraft up to 14 passengers could be
carried with a fair degree of comfort.

3 y70 Ajr Transport Faets wied Figures,' op, ¢it., page 15,

q



ERS = 23

dud

1n the mid 1030%s, the sumpluous, transoceanie, four-engined fiying
boats of Sikorsky, Martin, and Boeing appeared. These giant pir-
eraft were limited in pavioad because of the fuel their flights required.
Their prime funetion was Lo carty mail, passengers being allowed to
use up whatever margin of payvioad left after loading the nieil and
varying amounts of extra fuel to meet expected weather. Ten or fifteen
passengers might be allowed. However, they enjoved a degree of
spacious luxury never again approached on any aircraft.

The next evolutionary step m passenger capability came in 1939
with the first pressurized aireraft, the 33-passenger Boeing Strato-
liner and the unpressurized 40-passenger DC-4. These aireraft cruised
at speeds avound 225 mph and were the first to offer the security of
long-range flichts; the Boeing was even able to offer “above the
weather” fivinz.

Incrementul advances followed throughout the next two decades.
The DC—4 was repluced by larger pressurized versions, the DC-6
and then the DC=7. The Lockheed Constellation appeared in compe-
tition to the DC-6 and grew in size and speed until Lockheed’s

second  Electra (turbo-prop powered) appeared. These propelier
driven transports had reached ernise speeds somewhat higher than
350 mph and passenger capuacitics more than double that of the
40-passenger DC-4.

Both Douglas and Boeing introduced turbojet transports in 1938,
In one step, these aireraft more than doubled the productive capac-
ity of any previous propeller-driven transport. In their “high
density” seating versions, cither areraft eould carry 177 passengers
across the country at 500 mph. The earliest model of either jet could
do the work of 3 DC=7's, thus offering unparatled savings in terms of
productivity.

In the mid and latter years of the 1960's, growth versions appeared,
adding vehicle productivity through extra size without notable in-
creases in speed. Similar moditieations have exiended the produetivity
of the Boeing 747, the Lockheed 1011, and the Dounglas DC-10.
They have more than doubled the produetivity of the 707 and DC-8
thirough increases in size alone.

‘Phroughout this entire period, the price of air travel has remained
almost constant. The prime consequence of the growth in size and
speed of aireraft has been the economic gain of higher productivity.
However, the circumstanee that higher produetivity, throughout
this history, hus also yielded improved consumer appesl, comfort and
safety, has been a rewarding one to both the industry and the pas-
senger. A decade ago the passenger miles acenmulated by trains and
busses excecded aiv travel by 137 pereent; today, air passenger miles
exceed those of surface travel by 300%.

The SST as the next major inerement in vehicle productivity

Although in the pust, major increases in productivity resulted from
the combined effcet of higher speed and larger capacity, future oralins
for the stubsonic uir carvier depend on larger size alone. Kxcep! for
marginal # improveinent, the modern subsonic jet has reached upper

1N ASA resenrel on the “Whitcombs wing' is expreted to prove the faasitnliny of transport appiicati

which permit operation Within the transonie regiot. i would sdd [rom o0 1o Lou maph Lo ths eraiss speed
ratisporl gicalt.
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end of its speed capability. The remaining option, ereater size, remains
open; the Boeing 747, the Lockheed 1011, and the DC-10 exploit this
option. The table which follows compares the produetivity related to
inereased size alone with that related to increased size combined with
higher speed. It ulso reveals the reasoning which led to the laree
capacity of the Boeing SST. When the SST is operating at speeds
comparable to the 707 and 747, ils produetive capacity becomes a
size comparison, and it appears midway between these subsonie
mruafb Vhen 1t flys supersonically, however. its pmduomllv is
500% greater than that of the Bomrw 707 and almost 3009, greater
tha.n tlm! of competing SSTs under development abroad.

The index in the following table relates only passenger capacity
and speed. Other payload i is not mmidi_md For comparative purposes,
the Boeing 707 is rated as “one.” Turn-around time is appmxmmteiv
a constant for all models. Downtime for periodic maintenance is not
considered but in fact maintenance is based primarily on hours flown
and therefore is less of a penalty to a fast aireraft than to a slow one
so that a fast aireraft ean do more \\mk than a slow one between

overhaul periods.

TABLE 4.—RELATIVE PRODUCTIVITY INDEX 1% SEAT MILES PLR HOUR!

Subsonic  Supersgnic  Passenger Cruise speed

Aircrafi index tndex capacily m.p.h.
Boeing 707-320_. p s Blre By e o e e e : W S— 178 600
Bosing 747 b SR SRR 370 600
B‘hinQSS'I 7707- 300 i B 5.0 88 1, 785 800
Concorde | T 1.6 1:8 1, 350 £00
TU-144 e R .67 1.7 120 1, 550600
[BlaiEsaeR e e T T S T .56 11 100 1, 800600

1 Subsonic cruise speeds shown are approximate. Supersonic cruise speeds may alse vary slightly from these design
figures, Cruise speed dala furmished hv the Depariment of Transportation,

Early economic feasibility studies of the SST

Since 1960, the FAA, various manufac tures, and the airlines have
conducted \utuallv a continuous series of studies on supersonie
transportation as eapability and as a market. United Research, Ine.,
of Cambridge, Mass., conducted a preliminary FAA study contract
in 1960, In 1963, President Kennedy initinted a study aimed at
providing an economie overview of the feusibility of a national program
to build a supersonic transport. The study was condueted by Eugene
R. Black and Stanley J. Osborne. Completed in Decunbu of 1963
the Black/Osborne report provided a review of the economic aspects
of the program and included recommendations us to the roles of the
manufacturers, the airlines, finuneial institutions, and the United
States Government.*®

The FAA consolidated the more usable portions of prior studies
and incorporated their own statistical materials, Their study, the
FEeconomic f‘mmbt-’zty Report, U.S. Supersonic Transport,* April 1967
provided “baseline” analysis and a format that subsequent studies
could update,

Two independent studies prepared as a part of the overall economie
cevaluation were also completed in mid-1967.

0 Fugene K. Black, and Stanley J. Osborve, “Supersonic Trausport prograni.” (New York, 1063), 105

pages.
! Federal Aviation Adminfstration. “Economie Feasibility Report, U.2. Supersonte Transport.” Report
ofthe * * *. (April, 1967, Mimen).
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(1) Review of the Economic Feasibility Report for the SST
and  Supporting  Materials, 3 April 1967, Charles River
Associates.”

This report was the result of a review of the aircraft demand
sections of the WAA Economic Feasibility Report. Lt included
revised methodology from the IDA report and recaleulation of
cortain basic input data on costs and yields for the aireraft mix
expeeted in the 1975-1990 time period,

(2) SST Financial Planning Study, May 1967, Booz, Allen and
Hamilton.

Discussion and analysis of the production financing problem
in terms of order of magnitude doliar requirements to the manu-
facturers and airlines, risk factors, potential sources of capital,
and evaluation of the various means by which the program might
be financed including alternative methods of Government support.

Progress and design decisions for the final size and operating
characteristics of the SST continued to replace the assumptions in
the studies with firm data. Plans to use a “swing wing” were dropped
in favor of a fixed wing. Payload and number of passengers as well as
range and other operating data were determined.

In May 1969, Boeing issued a study of the dynamics of SST introdue-
tion into commercial operations, based on a detailed analysis of 142
international routes. Overland flights were assumed to operate below
hoom producing speeds and revenues were based on current economy
fares, with yields varied in relation to the degree of market penetration.
The study concluded that a fleet of 500 SSTs by 1990 was cconomically
feasible and that the currently defined S3T would not require increases
in the eurrent fare structure to produce a reasonable profit for the
airlines,

The Boeing study has a special significance in that, for the first
time, the SST was evaluated in terms of real, not hypothetical data.
Actual routes, curfew restrictions, and time zone differentials were
analyzed. Operating characteristics and cost data were based on a firm
design rather than a range of assumptions. ;

The updated study predicted a market potential of 515 aireraflt, very
close to the FAA estimate of 500 to be sold by 1990. (Charles River
Associates had predicted that 805 would be required within this time
period.#) Tt assumed a sixfold traffic inerease for the 22 year period
between 1968 and 1990. All studies assumed the sonic boum restric-
tions, barring flights at boom-producing speeds over populated arcas.

There was uniforin agreement among the various later studies that
by 1990 the SST would constitute approximately a sixth of the world
floet. The range of these estimates has a variation based primarily on
size of aireraft sold rather than available load factors. Estimates for
the total fleet (Western world) of long range aircraft (short haul air-
eraft for flichts of 700 miles or less are omitted) arc as follows:

© Charles River Associates, [neorporated. “ Heview of the Feonomic Feasibility Report for the SST and
Bupporting Materials™. (Cu )

mbridege, Massachusetts, April 3, 163},

# Data furnished by 1D.0.T.

u Charles River Associates, Incorparated. “Review of the Market for the Supersonic Transport, Method-
ology and Sensitivity Anslysis.” (Cumbridge, Massachusetts, April, 14), 87 pages.
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Range of 1980 markel estimate
T e e N 500- 800
Ermparden-—-— o s s e L 200 400
New and replacement subsonic jets_. . __________________________ 2,425-3, 870
ARt el s RN S S R R 3, ]_:u 5, 075

Selected highlights of the phy %u:al and operating characteristies of
the Boeing and foreign 58Ts along with the Boeing subsonic 747 are
shown below:

TABLE 5)—WEIGHT, PAYLOAD AND OPERATING COST COMPARISON OF S5Ts AND THE BOEING 747

B2707-300
(281 B} Concorde Tu-144 747
Aircraft characteristics:
Gross weight (1bs.) 750, G40 385,080 330, 002 710, 000
OEW (lbs ). _____ 327,660 710, 009 353, 621
Rirframe weight (ihs.) 275, 260 ¥ P 320, 021
Engine weight (ibs.). . 13,1460 7,600 B, 400
NumbEeassdR IO e e 281 126 384
Total payload (Ibs)__.___.. .- TED. 200 28, 000 88,200
Range, seat miles {standard da‘[) ......................... 4, 090 4; 040 4,375
Operating cost per seat mile on comparable basis (in cents):
2,644 seat mules:
Directoperating €ost. . .. oo v et 1.12 e 0.93
Endoreet operting CBst oo C il i Ll 1.30 R R P 1.40
A e e e R R ey 2,42 i 2.33
3,565 seat miles:
Diract opsrating 008t oo St e s 1.08 e 0.90
Indirect operaling cost - oo cne e = 1.14 | 1.33
BN o s o R e s i S e 2.20 e 2,23

1 Data ohtained from Department of Transportation, Dec, 30, 1970,
~Based on 200 Ibs. per passenger and 4,000 lbs. carga.

Pros and cons of international finance

Ttems with high e\port potential are viewed histerically as posi-
tive ¥ contributions to the balance of payments. The S5T, as a man-
ufactured item with high export potential, would become the latest
and highest priced contribution to the world aviation market, 849, of
which is now held by the United States. In the case of the SST, how-
ever, question has been raised as to whether or not the balance of
payments would benefit from sales.

Some opponents of the SST program, have contended that the
project would fail and thereby waste the risk capital loaned by the
Government. Other opponents, expressing fear that the SST program
would be successful, suggest that its very success would result in a
net, outflow of funds.

The contribution of the proposed Boeing S3T m the mternational
balance of payments position of the United State: along with other
factors, not ull economic— has received L(JILHH](‘I':L[)[O adverse assess-

45 Positive” contributions wdd to the export account and “anecarive” ones add to the impo:'t acecint.
Neither word has a good ar bad eonnotation, Mast ceconomists prefor Whatey or u1l=1-1- o of virible and in-
vitihle imposts and exports fieilitates dezited flows of goads, ser s ’\.]tl capital \\:Hmur tindue strain on
prices, employvment, aad fizeal stability amone 21 the natis LA ey al value of
reciproeal tradin ses peanonide health. In essence, the eoncent i that hi and high
emnplavmient co wi bt tatal inoreed e al trading,

Gonds produsad facdameastic as well as fo-eign sules are pu‘riu. ed in h'""t.rt{ul itities than goods intended
e only e of thes murkats, High quantity prodoaction teu veost of neost items, Henown, tasy
berome availphle to more people sod may r‘umr.hutr‘ to a h. 't 1 of livine.

Conversely, the lack of an export ms
items are ayvailable at a lower price ov

:, Fivhe same

'tn-r isa rn-l-‘m wtion to ing iid redase

Sa St | g
dewmestie mannfeturing even mare, The i o iv then sivck to shaply u.u‘-;umgs- th‘ d' velnprient of
exporteble poods, or to limit imports, Often both are done.
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ment by a number of leading students of cconomies. Surveyed during
the summer of 1970 by the Sierra Club (itsell a center of opposition
to the SST on environmenta! protection gronnds), the economists ¥
offered such criticisins as the following:
It had fuiled the test of the market-place;
Tt was not necessary as an investment for the United States
to achieve full employment;
Tts effect on the U.S. balance of payments position would be
minor;
Its cconomic conscquences were purely speculative;
Tis speedier transit to Europe was of doubtful attractiveness
to puassengers;
There were alternative uses for Federal funds of greater impor-
tance, such az to fund eritical social programs;
There would be adverse environmental effcets;
he present program was purely opportunistic; it would be
preferable to eateh up with the European developments, Iater on,
rather than to assume the lead now;
Federal funds were deawn from the whoele population, while the
SST would benelit only a part, which was an inequity;
If the sk was too high to attract private eapital it did pot
warrant Federal spending;
Tt was o subsidy for luxury spending;
It was a sophisticated version of “leaf-raking”
Its costs would be defrayed by raising fares on large subsonie
aireraft.

Only Professor Wallich was ambivalent on the question. While
opposed to the ST on envivonmental grounds, he observed that in
any event the Concorde was being built, and if it }umfc.! commereinlly
viable, then the United States Should follow sait “1o capture such
economic advantuges as are to be had by building the plune.” e
continued: “Failure to build wonld inflict lasting balance of payments
damage with little compensating environmental eain.”*

The question as to whether the U5, balance of puyviments would be
affected by the SST positively, negatively, or not at all, hinges on
two sets of assiunptions:

(1) The prospeet of futnre overseas sales of the aireraft (or, con-
versely, of purchases by U.S. atclines of foreign 55Tx); and

(2) The net effect -on overseas tr avel, both business and pleasure,
of the U.S. zupersonie transport, with or withont the extstence of a
foreign-made ST, and the net derivative effect of such travel on the
U.S. balanee of payments. :

On the second issue, it seems fruitless to speculate, althongh many
have. Perhaps the most trenchant observation to be made is that a
large inerease in interchange of persons across infernational boundaries
mln'ht coniribute to lnlf‘[na?ltmﬂi understanding and thus further
peace. If true, the investment in a means to facilitate international
travel would be worthwhile at many times the cast, But to speeulate
about the future eficct of crossing the Atlantic in two hours instead

wers Relneth Arrow, Frooneis Buator, Iohi Revoell Galts'th, sl Wassily oo, .r,- fof Harvad
vi Richard T Neban, Merton T, Peck, Tames Tobin, wed Henre O Walli { Yale: W. 1. Baamol
of Frincetou: Mitton Friedman of the U niversity ol Uhicago: Walter W, Eieller, of the Vo «u\ of M-
sota; Robert M. Solow, Paul Samuetson, and C, P, Kindleberzer of Massachusetts [ itte of Techmology;
and Arthur M, (\iu.n formier chainman of the Prosident s Comicil of Eesnoinic Advisor

4§ 2The 88T, Remuarks of the Hono 1, W, Fulbright on the floor of the Seuate, Conzressional Record,
(September 15, 1070). pages SIA4S A15405,

ST-397T—71——47
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of six on the rate of travel or the flow of business investment can
produce no useful guidance.

On the other hand, the prospeet of sales of an American SST abroad
is an issue of substance and consequence. Is it preferable as & matter
of U.S. poliey that U.S. airlines equip themselves with costly S5Ts
produced in Kngland-Frauee, or the USS.R.?—O0r that foreign
airlines equip themselves with coestly S5Ts produced in the United
States? If the Concorde project is ebandoned should the U.S. project
be also? And if one is continued, should the other Le? Some measure
of the quantity and flow direction of dollars associated with potential
sales of the U.S. S3T is shown below,

On the assumption that the American SST is competing ouly with
the first generation Coneorde (and neglecting sltogether the question of
the Soviet, 33T, it is estimated that 60 Concordes would be purchased
by U.S. airlines and that 270 Boeing 85T's would be exported, yielding
a net $10.1 billion in exporis. If the Boelng 55T were not bwlt, it is
estimated that U.S. airlines would acquire 300 Concordes, vielding
a net $7.0 billion in imports. The total effect of the U.S. E5T an the
U.S. export-import trade balance under this assumption would be
$17.1 billion. *

Corresponding figures under the assumption of a second-generation
Concorde by 1990 are: with an American 55T, $10.1 billion of net
exports; with no American SET, $12.0 billion net imports. a swing of
$22.1 billion.

The 1ssues of risk and the test of the market place

It is necessary to recognize that any technological innovation in-
volves enginecring risk. That such a risk is involved in the SST is
obvious; the long history of nulitary troubles with large supersonic
aircraft shows this. On the other hand, the very considerable ex-
perience of the aireraft industry with such military aireraft has done
much to reduce the magnitude of the engineering risk for the future.

The fact that Government funding has been found necessary for
the SST-—a source of ecriticism for some economists—is not, however,
primarily attributable to the degree of engineering risk. Rather, the
yrimary factor is the sheer magnitude of the investment required.
Sven if there were no engineering risk, the raising of the substantial
development funds required would be difficult. In addition to engineer-
ing risk, there 1s also the matter of economic risk——the chance that
economic conditions might be unfavorable to market reception of
the SST when it is ready, the chance that a superior Soviet SST or
some unforeseen political development might present a future ob-
stacle, and the sheer difficulty of managing such a large engineering
development. Ilowever remote, this economic risk must be acknowl-
edged as a possibility, and thus a handicap to low-interest-rate capital
funding. These two risks and the size of the investment and the size
of the project are not additive, but factors to be multiplied in assess-
ing the difficulty of private funding.

However, the investment of Federal funds to support large-seale,
high-cost, technological development beneficial to private enterprise
is an activity with many precedents: agriculture, irrigation works,
atomic energy, titanium, synthetic rubber, research in coul utiliza-
tion, and hydroelectric projects all come under this category. Govern-

4 408, Bupersonic Transport—Gray Book,"” op, cit., page-G-12.
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ment investment to support transportation have included many
commercial-type developments, of which the following are illustrative:
steamships, the nuclear ship, the hydrofoil ship, the St. Lawrence
Seaway, the Panama Canal, the Inland Waterways, U.S. Barge
Lines, the high-speed train, the Panama Railroad snd the Alaskan
Railroad. ) )

Such precedents afford assurance that U.S. funding of a potentiall
attractive (or essential) but high-cost technology is a reasonable
course. Whether or not it is an economic success would seem to depend
on the eugineering skill of tho builder and the managerial skill of the
airlines. And whether it constitutes a serlous hazard to the global
environment is a question remaining to be discussed. However, 1t
seems reasonable to conclude at this point that there is a good chance
that the SST sffords an economic opportunity to the airlines and
erhaps also the U.S. balance of payments. Undeniably, it 1s an
important sourece of job income with a tangible product.

VI. Tup IssUE OF THE LENVIRONMENTAL Impacr oF T SST

Whatever the nation of the aircraft that first extends supersonic
travel into the civil sector, its introduction seems likely to come
at a time of growing concern over the impact of technology on the
environient.

The traditional use of machines snd technologicel processes has
shown little regard for the environmental burden or hazard they
might offer. Today, this burden is no longer deemed acceptable as an
inevitable penalty of civilization. Contaminunts, unwanted mnoise,
thermal energy, and radiation now signily impairment of the quality
of life. Sentiments in favor of preserving or restoring the quality of
the environment are expressed in the United States, the Soviet U-lon,
Western Europe, Japan, and doubtless elsewhere.

In the recent past, the increasing use of civil aircraft and the
increased burden of environmental consequences of such use, have
brought air transportation under scrutiny—even attack. Air travel is
a great consumer of space; in terms of large sirports and service
facilitics, traffic holding patterns around large ternunals, and airlanes
criss-crossing the continent. Almost all engines are noisy. The soot
and smell of combustion products of kerosene and gasoline fuels con-
tribute to air pollution. Other problems are created by imperfections
of air transportation as a system—the separation of passengers and
lugeage, the annoying sequences of transport stages, problems of
aerial congestion over terminals and busy air lanes, and the conflicts
over airport zoning.

With the prospective advent of the SST, attention has turned to
the question as to its special effects on the environment. The question
can be approached from many directions, depending on the point of
view of the analyst. Not all erities of the SST are “anti-science” and
not all advocates of technological advance are uncritical of its conse-
quences. The study by the Committee on Science and Public Poliey
of the Nutional Academy of Sciences of “technology assessment”
encapsulates the issue in these words:

Whereas a few vears ago, for example, the idea of a supersonic transport seemed
to many the obvious fulfillment of man’s airborne destiny, today some who might
once have greeted the SST with unbounded enthusiasm are asking whether it is
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truly & sign of progress to fly from Watts to Harlem in two hours, vibrating
millions of ears and windows in between A

This reference goes on to suggest that the rational choice facing
men-—

# % % Js hetween technological edvance that procecds without adequate considera-
tion of iis consequences and technological change that is inflicncea by a deep concern
for the interaction between nan’s tools and the human envivonment in which they do
their work. [Italics in original}®®
In other words, technology should be sssessed not from the point of
view of an assumption that it is guilty, but rather to identify possible

roblems to be dealt with in a systematic, orderly, and effective
ashion, to ensure that the final product achieves an scceptable, opti-
mum compromise mmong the many objectives subsumed under
“environmental quality.”

There have been many criticisms of supersonic aircraft as an
impairment of the environment. Supersonic vehicles offer new levels
of power and a new variety of sonic disturbances. They propose to
oceupy a stratum of the atmosphere quite new to civil aircraft. Clearly,
environmental compatibifity takes its place with other more tradi-
tional performance criteria to be satisfied before this new vehicle can
be aceepted as useful,

A tabulation of the issues that have been raised regarding the SST
in its relationship to the environment would include the following:

1. Micro-environmental issues:

a. Sonic boom
b. Engine naise on and near the ground
¢. Air pollution
d. Toxic effluents
e. Radiation hazard to passengers
2. Macro-cnvironmental issues:
a. Oxygen balance upset
b. Excess of global carbon dioxide in the global atmosphere
¢. Weather modification from water vapor and particulate
‘matter
d. Radiation hazard (ozone layer depletion)

Apparent resolution of the sonic boum issue

Sonic boom test programs® conducted by the Air Force have
provided a practical und a theoretical understanding of the boom
and its effects. These tests also gave several million civilians a practical
education in the phenomoenon. Even when the booms were reduced
far below any destructive potential by altitude or distance of the
source they proved hard for some people to tolerate.

The announced national policy and the “FAA Notice of Proposed
Rule Making,” issued April 16, 1970 (39 FR 6189) would prohibit
operation of civil aireraft over the United States at speeds which
would cause a sonic boom on the ground. The ruling is supposcd to
apply to all civil aiveraft, domestic or foreign, but not to military
aircraft over which the Authority has no jurisdiction.

@ “Technology: Processes of Assessment and Cholca,” op. cit., page L.

B [hid,, page 3.

8 For example, “Sonic Boom Experiments at Fdwards Air Foree Tiase,” Prepared under contract by
Stunford Research Tustitute, For the United States Al Force through the National Sonic Boom Evalustion

Oftice, (Ariington, Virginia, July 28, 1067).
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A sonie boom created by a jet figchter dying “on the deck” can
cause pressure changes exceeding 100 Ibs. per sq. foot, enough pressure
to damage certain tvpes of bmldinegs. Air Foree tests, in which the
pressure rise (“overpressure”) of sonic booms wus gradually increased,
revealed that dumage first appeared when the overpressurve reached
714 1bs. per square fuot. At this pressure, several panels of glass in a
greenhouse were cracked.® The greenhouse was the most fragile of
the test struetures and the overpressure of 7% lbs. per square foot %
was therefore regarded by the Air Foree at that time as the lower
edge of the pressure range at which point there 15 one chauce in
100,000 of structural damags,

The eivil aircraft raling proposed by FAA which forbids the =onic
boom over land has relaxed publie eoncern over this aspect of the
SST to some extent. However, on transoccanie routes, the S5TVs
fly supersonically and the power of the sonie boom is therefore perti-
nent.

The Boeing 55T is planned to reach its supersonie cruising altitude
at slightly more than 60,000 feet. It will then ereate a boom having a
nominal overpressure on the ocean of 2 to 214 pounds per square foot.®
This is the pressure change experienced when one rises approximately
four floors in an elevator. Fish or the hull of surface vessels i the ocean
experience pressure of this magnitude from the passage of a ripple
about 12 in height, an insignificant pressure change. However, =
even in the most intense of sonic booms the actual change in pressure
is not partienlarly high. The phenomenon is noteworthy because of 4
the suddenness with which it oceurs. The low aliitude pass that can :
damage certain types of buldings with an overpressure exceeding i
100 1bs. per square foot (59 of the normal atmospheric pressure) : :
does so beeause the change in pressure vecurs so rapidly. A far ereater >
change in pressure, spread over o Jonger time period, would go un-
noticed. For example, a rise from sea level to 50007, the aliitude
of Denver, Colorado, for cxample, creates a pressure change of
355 lbs. per square foot.

If & marked change in air pressure occurs in 1/20th of a second
or less, the change 13 detected #3 sound. The SST overpressure of
2} pounds per square foot oceurs in milliseconds and is like a sudden
clap of thunder, not painful but certainly startling, especially when
heard from a clear sky under conditions in which the boom is not
masked by background noise. On an ocean voyace the startle effect
would be present if the passenger was becalmed in o guiet sea. How-
ever, on an ocean liner, only those on the open deck would be likely
to hear it because there its effect would largely be lost in the back-
ground sounds of the ship and the ocean. ’

Noise: Measuring jet engine sound
The jet aiveraft engine is not only a powerful sound generator, but
also & generator of sounds to which the ear is particularly sensitive.

2John A, Blume and Associntes Researeh Division, “Struetiral Reaction Program National Sonie
Room Study Projeet,'” Heport prepured for the Fec I Aviation Ageviev, April, 13, (Clearinghonse for
I‘ir]?rag Seientific and Techniead Infornmetion, Speingtehl, Vieginia, 1968), poges 11-12 (Report no. AD-
T4-778). =

2 The dimension is in pounds per s
of pressure. Thus sonie boom teits o

g
are foat sud not per square ineh, which i the more fmillar measire
At af those Lsually eneotntered i nire pressure reports

anplified to double ths aarmal 2 ta

5 Under certain atnwsphieric conditions, the boom pressure eould be
214 psfoverpressire.
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A shrill whine can stop conversation and irritate to the extreme even
when its energy value 1s quite low. The persistence or duration of the
sound also adds greatly to its irritation value.

The decibel scale, however it may be weighted to accommmodate
special aspects of sound measurements, is logarithmic. In essence, the
scale relates acoustic energy to sound perception or loudness. Jach
increase of ten decibels signifies a tenfold rise in energy, but because
the car responds in a logarithmic manuer, the tenfold rise in energy
indicates only a doubling of loudness. Conversely, if a sound is reduced
by ten decibles (e.g., a reduction from 130 dB. to 120 dB.), the lower
level has only 109, of its lormer energy, but its loudness has been
reduced to 509 of the former value.

The decibel ratings for sound energy have turned out to be inade-
quate in studies of jet engine noise. The irritation value of jet engines
remained higher than that of the deep toned piston engines even when
the decibel ratings of the jets were lower.”

New measuring systems were devised to scale the intensity of the
tones present in accordance with the sensitivity of the ear to each tone,
and also to consider their duration. The basic decibel system is still
used, but when properly weighted for jet aircraft engine studies it is
called Effective Perceived Noise Decibels (EPNdB).

When the muin concern is neise intensity but not duration, the
“F” is not used and the unit becomes “PNdB”. The Department
of Trausportation uses both the PNdB and the EPNdB in its sound
research. New FAA regulations limiting the intensity of jet aireraft
noise apply the EPNdB.

Reduction of jet noise by categories of operation

There are three phases of flight (all of which are on or near the
ground) in which the sound of jet aireraft can become objectionable.
These are: 1) the approach to landing, 2) the take-off and, 3) the
climb-out. :

Federal Aviation Regulation part 36 (FAR 36) has limited the
noise level of large subsonic jets to 108 PNdB. The regulation, how-
ever, does not apply retroactively to include aireraft ce.iificd —~‘or
to date of issuance. The McDonnell Douglas DC-10 and the Lockheec
11011 are certified under FAR 36. However, these new aircrait
are not yet in service. The familiar jets, the Boeing 707 and 747, anc
the McDonnell-Douglas DC-8, do not eomply with the 108 PNdB
stipulated by FAR 36. In some cases, such as the approach phase of
a 707, the sound produced is double that permitted by FAR-36.

Existing subsonic jet noise is a continuing source of controversy.
Retrofitted acoustical treatment is extremely costly, but despite the
cost, the process is being considered as the only recourse to gain public
acceptance.

The much larger engines of the SSTs, on both the Boeing and foreign
aircraft, micht be expected to produce much more unwanted sound
than the noisiest of the subsonics now in service.,

Several sets of unofileial decibel rutings have been associated with
both the Boeing and the Concorde aireraft. No information is available
concerning noise levels generated by the engines of the Soviet SST.

85 The problems of correlating sound energy levels with human pereeption are discussed in “Noise abate-
ment: summary of the issues”, by Migdon K. Segal, (Munitilith Science Policy Hesearch Division, Legis-

lative Reference Service, Library of Congress, November 4, 1070), 44 pages (See especially “"Quantifying
noise: sound vs, loudness'’, pages 4-11.)
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The ratings have indeed indicated high noise Jevels (exceeding FAR~
36) on one or more phases of flight. In the case of the Concorde, real
measurements were possible, but changed as the engines and nacelles,
guide vanes, and other devices were 1o odified. In the ease of the Boeing,
the decibel ratings were either caleulations or were based on tests of
the engine before its installation in a prototype. )

Both Boeing and the Concorde makers are aware of the necessity to
quiet their high thrust engines. This seemingly formidable challenge
is rapidly being resolved and noise levels equal to or less than today's
subsonic jets appear to be within reach. _

In a recent public disclosure *, Boeing commits their SST to the
subsonic requirements of FAR 36:

Prior to production ecommitment, the capability of the commercial 85T to
achieve noise levels consistent with those required for certification of new four
engine intercontinental subsonic transport aircraft will be demonstrated.

The British Aireralt Corporation (B.A.C.), are similarly encouraged
with the progress of their acoustic research. In one way, their chailenge
is less than that faced by Boeing in that their engines are much
smaller. However, in another sense, it is more diflicult because their
acoustical treatment must be retrofitted into a design which was
“frozen’” 8 years ago.

Nevertheless, their progress has already given them the assurance
that their earliest commercial models will produce less noise than
today’s subsonic jets, and their later models will be even quieter.
B.A.C. will shortly release a public statement to the effect that the
Concorde will comply with all existing noise regulations at the time
it enters service.®’

So much has been said in recent times sbout the noise of the S8T—
specifically, high “sideline” noise—(the sound of the takeoff), that
some discussion of the statements is appropriate. The most widely
quoted comment equated the sideline noise of the 83T with that
generated by 50 Boeing 707’s departing simultaneously. The basis for
the comparison was an early decibel rating of the SST engine, taken
without acoustical correction. .

Such a figure is misleading as & final sound rating of the aircraft.
A person who is unfamiliar with the peculiarities of sound measure-
ment systems or with the physiology of hearing would be misled into
thinking that when the S5 released its brakes to depart, he would
hear a sound 50 times as intense as that of a single 707. The fact is
that he would not. In the situation deseribed, he would hear & sound
about twice as intense, not 50 times as intense. The figure of 50 refers,
not to what the ear hears but to energy level, and encrgy has only &
logarithmic relationship to perceived sound, not a linear one.

It must be recognized that neither Bocing nor Councorde has as
vet reached their target sound emission levels. The outcome of any
research can not be known with certainty before the fact.

Acoustical correction of jet engines is a new field, about five years

old. However, the early results of this research are now being applied.

to new jet engines. The noise of the new engines is about half that
of the older ones despite a fivefold increase in thrust over the Fast 12
years. Boeing's commitment to a target sound emission level much

# Boeing Corporation. “The Supersonic Transport and the Environment,” (Boeing Corporation, Ianu.-

ary 1971 (revised)}), page f.
8 Letter from B.A U, to . Chatham, Feb, 9, 1971,
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lower than today’s subsouic jets may stem from this rapid progress
and also froni the fact that their schedule does not foresec commereial
production for anothier cight yeuars.
The problem of air pollution

Within the city, the work efficiency obtained from fuel becomes a
matter of environmental quality. Table 6 compares fuel consumed per
horsepower/hour for various types of power sources.

Table 6

Power Source vs. Fuel Efficiency !
i, fueljhp. hr.

Teddmtt Horme o oo o e oo L B 10. 0
Z-iconl Hrediopoygotive oo o - e 4.0
deduscapehde et SR o R 2
4. Diesel-Electrie Locomotive.____________ . __ =
& Alrersfe Piston Brgdne. . ... oo LD
Ghgearileishbsomcirernfells 0 - T «#
do Jetenpile (sugersomitaireratl). . oo Lo o o o « 3

1 Table furnished by Department of Transportation.

Acrial commuter systems like VTOL and STOL offer the city
high production vehicles equipped with higher-temperature, cleaner-
burning engines as compured with standurds for surfuce vehieles. Of
more importance to the eity is the fact that exbaust from these
vehicles, exeept while landing and tuking off, is released at an altitude
which gives the normal air wovement a mueh more effective dilution
rate than it ean have for slow moving, densely packed, surface vehieles.
It should also be noted that pollution from surface vehicies, while
related to efficiency, is even more related to speed of traffic movement.
Traflic congestion multiplics the ranning time (henee effluents) of all
vehicles involved. Aireraft are not immune to the problem of traffic
congestion, but increased capacity of aireraft works to reduce numbers
required.

The effluents of combustion emitted outside of a city do not present
a serious pollution problem when compared with these allowed to
concentrate within a city. However, they can not be ignored.

Aireraft, particularly jet engined aireraft, emit the lowest quantity
of pollutants in relation to the weight of fuel used on any vehicle.
Also most of their effluents are released high in the air where they are
readily dispersed.

The following table shows the pollutant yield for various vehicle
engine systems, based on using the same quantity of fuel.

TABLE 7.—POUNDS POLLUTANT EMITTED PER 1,000 POUNDS OF FUEL CONSUMED !

Carban Oxides of Sultur Total

Vehicle manoxide nitrogen  Hydrocarbons  Particulates oxides (reunded)

B0 o ey 200.0 20,0 40 1 1.0 282.0
Piston airliner 100. 0 50,0 15 2 1.0 168. 0
Qcean liner_ ___. ) o G X 20.0 3.0
L § 3.5 i 1 1.0 6.9
SubsonicJet.....____.__ 1 3.0 w9 1 L0 6.5

1 Table furnished by Department of Transportation,
2 Negligible.
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To compare the work potential obtained, that can be done from the
same fixed amount of fuel, Table & places the comparison on the
amount of efthuents released per 1,000 seat miles for the same vehicles,

TABLE 8. -EMISSIONS PER 1,000 SEAT MILES !

{Pounds of pollutants emitted per 1,000 seal miles|

Fuel pounds
{thousand Carbaon Oxides of Hydro- Partic- Sulfur Tolal
Yehicle miles)  monexide nitrogen carbons ulates oxides {roundad)
1 R 130 20 2 4 0.1 0.1 6.0
Piston aircraft . _____ 133 13.3 6.6 2 s ik 223
Ocean liner . _.... BEC ) 6.6 =1 6 13.2 20.5
) 193 I .68 Lo .19 <15 L3
Subsonic et ... . 170 17 o5t = | A7 17 13

4 Table furnished by Department of Transportation,
tegligible,

Finalty, the more productive a vehicle becomes, the lower the nnm-
ber of vehieles required to handle a given workload, A reduction in
the number of vehicles required = of great importance to transporta-
tion economics as explained earlier. It is also o pollution varisble.

In all comparisons, the turbine engine powered aireraft is superior
to other systems counsidered. The piston engine, particularly when
wsedl in automobiles, is clearly the worst.

Jet aireraft account for 3 times the intercity passenger miles of all
other carriers combined. In local travel and commuting, however, the
sutomobile remains unchallenged,

Research to develop low cost nutomobile exliaust treatrent systems
is progressing, hut must necessarily be regarded us a first step, These
systems will improve air quality by removing a percentage of the more
toxic efffuents from the exhaust. However, they do net alter the toral
quantity of fuel consumed nor the extremely low vehicle productivity.

The comparative data shown suggest that the technology of the
high temperature turbine used in modern aivevaft if applied to auto-
mobiles, would significantly reduee exhaust concentration and toxicity.
The aireralt turbine, as compared with the antomebile engine, pro-
duces less than 39, the toxie effluents for the same amount of fuel
conswined. The amount of fuel required per hp/hr is also reduced by
more than 5097,

The approach taken in the preceding diseussion of the impact on
the urban envivonment of transportation effluents has employed the
criterion of effluent quuntity per unit of transport service. From the
engineering point of view, this is a valid approach., It poses for the city
dweller the question: if technology has maximized transport service
with minimized efftuent, but the serviee still produces unacceptable
pollution, the city dweller has only the remaining option of foregoing
whatever amount of service required to restore an acceptable quality
of environment.

However, from the politieal point of view a different set of criteria
may be judged preferable. Different ecconomic classes use difforent
categories of transportation. Residents use different patterns of
transportation from non-residents. Economic interests in the central
city have different transportation values from interests elsewhere.
Claims of these different eroups for transportation services are unlikely
to relate to the engineering eriterion of least effluent per seat-mile. The
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suburbanite, for example, cannot substitute SST service for his auto-
mobile, any more than the central vity dweller would prefer an auto to
the faster and cheaper rapid transit system.

In spite of these considerations, there is still merit in establishing the
engineering criteria of effluent/service. It serves the purpose of putting
a price tag, in terms of environmental quality, on each transportation
mode, so that political claiins can at least be evaluated against tangible
degrees of environmental degradation. On this basis, the SST does not
appear to impose an unreasonable penalty relative to the service it
provides. The same statement would apply to all airevaft.

Elimination of urban a/r pollution

Congestion in cities results in loeal concentrations of airborne pol-
lutants from industry, honseholds, electric power stations, and trans-
portation systems. Local microclimates differ widely; some of these
tend to concentrate and others to disperse the effluents produced
locally. Still other urban areas trail a wide band of polluted air down-
wind. The air has long been regarded as a “free good,” that can accept
limitless pollution and quickly restore itself by rain and wind. How-
ever, as cities have grown in size and in the volume of pollutants they
generate, the seclf-purification capacity is sometimes exceeded and
local smog conditions result.

It is not evident that the airplane, whether subsonic or supersonic,
is a significant contributor to air pollution over American cities, or
that it needs to be. There have been episodes of air pollution caused
by aircraft: emergeney dumping of fuel, soot trails from badly ad-
justed engines, clouds of smoke from coolsnt injection on take-off,
and even normal operation at busy airports during conditions of teni-
perature inversion. Some of this effluent is preventable by proper
regulation. Location of airports warrants closer attention to con-
ditions of local microclimate. But size and speed ean help reduce air
pollution caused by aireraft. As the tables in the preceding subsection
demonstrated, fuel consnmption per seat mile declines with ineressing
size of aireraft. :

Another consideration is the relationship between rate of pollution
and air speed. The faster an aircraft (or any vehicle) moves throungh
the air, the less the quantity of effluent per mile traversed.

In simplest terms, if there could be less transportation, then the
machines used for transportation would consume less fuel, thereby
reducing the guantity of pollutants released into the air. If, on the
other hand, the movement of goods and people has become an essential
part of our ecological system then the goal of cleaner air is best
served by fostering technologies which raise the productivity of trans-
portation systems and equipment so that fewer units will be needed.
Simultaneously, improvements to power sources can be made which
will reduce the release of noxious combustion produets in relation to
the quantity of fuel consumed.

Effects of miscellaneous toxic efluents from the SST

In assessing the relative pollution of various wvehieles, three con-
siderations dominate: 1) quantity of fuel for a unit of work, 2) quan-
tity of poliutants released per unit of fuel consumed, and 3) the impact
of the pollutants on the biosphere.

The turboject engines of the SST are essentially the same as those
of subsonic jet aircraft. If the afterburners of the SST engines are in
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use, on take-off, fuel consumption and exhaust emission per passenger
mile rises by sbout 149 above those of the subsonic jet. hcn.\'e\-'m‘,
an article in Aviation Week, February 15, 1871, raised the possibility
that General Electric Company would abandon the afterburner con-
cept, with a slight increase in the size of the basie engine to compensate.

Where the toxic effects of combustion products are of interest, the
following points muy be considered:

1. Toxic conditions do not gccur unless there is a concentration of
exhaust effluents. This condition occurs only when exhaust emission
rates exceed the rate of dilution due to air movement. Some studies *3
have shown that serial commutation as opposed to surface modes
would reduce city pollution by 87%. Communication with the in-
vestigators revealed that the conclusion was based on relative efficiency
of surface and aerial power plants. The most significant varisble was
omitted: viz., dilution of the exhaust from aireraft by the flicht of the
vehicle at an altitude where natural air movement 15 not constrained
by buildings and surface topography. In other words, the resulis of
the study were understated, apart from the relative efficiency of the
propulsion systems. '

2. A comparison of the toxic effluents of the turbo-jet engine with
the conventional automobile piston engine is relevant. The lollowing
comparison is made on the basis of a seat mile with the automobile
moving steadily at 60 mph, while the figures for the turbojet engine
are based on the SST engine with after-burner in use.*®

Turbo-let
engine Auto engine

— S
—

The comparison illustrates the relatively primitive technology of
the conventional surface vehicle power plant. Even with improvement,
however, exhaust products from surface vehicles must still be identified
as the primary vehicular source of pollution to the biosphere due to
the inherently lower dilution power of the atmosphere at the surface.

The foregoing analysis is essentially a “worst case” approach. It
considers the toxic contaminant effect near the ground, with after-
burner, an operational mode in which the jet engine is least efficient.
It should be evident that these same effects when the ajrcraft is
operating at high altitude, and at supersonic cruising speed, would
be vastly more diffused. Moreover, the turbulence and cross currents
always present in the stratosphere would assure the functioning of
the process of atmospheric self purification through intermingling
wi't]} ﬁhe tropospheric layer and the subsequent serubbing effect of
rainfall.

¥ Rutgers University, Center of Transportation, “Study on pollution reduction potential of aerinl com-
mutation,' FAA report, (Juiy 19703,
% Pata fumished oy Department of Transportation.
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Radiation exposure in stratospheric flight

One environmental issue of the SST concerns only the passencers
and crew in flight; this is the question of exposure to penctrating,
ionizing, solar radiation at the high altitudes of supersonie {light.

The blanket of atmosphere provides a shield that largely absorbs
the charged particles and x-ray-like radiation cmitted by the sun, thus
shielding the earth’s surface. But at altitudes of 60 or 70,000 feet some
of this protection is removed. (Fortunstely, almost % of the intensity
of radiation at 80,000 feet is removed by descent to 60,000 feet.)
Solar radiation is not constant, but is known to reach peaks of intensity
resulting from solar flares. Variations also oceur because the earth’s
magnetic field tends to deflect the particulate part of the solar radia-
tion toward the poles and away from the equator and temperate
zones. A “worst case” exposure would therefore be an SST flying over
a polar route in sunlight at very high altitudes, and especially during
a period of intense solar flare activity.

The question is whether the exposure to solar radistion in a high-
flying S8T would be serious enough to cause concern. In general, it
can be said that except for the infrequent, intense solar flare, the risk
is minor. However, the issue is complicated enough to warrant
extended discussion.

Controversy has persisted ever since the early days of the atomic
energy program, as to the statistical consequences of radiclogiceal
damage to man. It is generally sgrced that all penctrating, lonizing
radition produces biologienl change in human tissue and that at some
level of exposure the ehange is significant enonugh to be called “dam-
age”, What is less certain is the rate and extent to which the body is
able to repair (this damage. The consensus is that some repair of radi-
ation eflects does take place, and therefore the evaluation of radio-
logieal effects must be performed in relation to rate of exposure. (In
other words, if the rate of exposure greatly exceeds the rate of repair,
serious damage can be expected.)

The cffects of ionizing radiation are measured in terms of the unit
of exposure called the REM.® In evaluating the extent of exposure
of SST pussengers and erew to solar radiation, many questions need
to be resolved, such as: how many flights are made? During how lone
a period? What is the probability of any unusually intense solar flare
netivity? Jtis also gormane to ask how much other ionizing radiation
the passengers might have been exposed to.

The established standards for radiation exposure used by the Fed-
cral Government deal separately with the general population and
occupational exposure. X-Ray technicians and others whose work
exposes them to ionizing radiation may not be exposed to more than
5 REM per year. Individual members of the general publie are not
to be exposed to more than one/tenth of that amonnt .5 Radiological
health philosophy is to keep exposures well below such limits and not
to regard them as “speed limits.

Wide differences in exposure from naturally present or “back-
ground” radintion on the earth’s surface have been observed. Back-

S The REM. or “Roentgen Equivalent, Man™, is derived from the RAD, multiplied hy 0 his-darsaes
cotstant, The RALDY i equal to B4 eves of ahsorbed radiation ensriey per gram of matter. The big-damuage
cotistant depardds on the messared amoant of hio-daniaee resultinge from each speeific kind of vadintion,
Kumbers af REM indicste, directly, the extent of damage resizlting from the exposure, por indicated time
priiod, expressed as REM per vear gr miiliirem prer hour,

= The exposure vites sot by varions Federal agencins are hased npon gaidelines prepared by the Federal
Radiation Coenneil in 190 and subaeguently approved by the Uresident.,
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grotund radiation exposure varies beeanse of the differing distributions
of radioactive muterials in granite, brick, monazite sands, and othoer
stony materin's The extremes range between 0.055 RENM /vear in the
mid-Atlentic Ocean 1o 17.5 REM fvear at Guarapara Beacli. in Brazil.
Measurements teken in New York City have ranged fromi 0.07 to
0.13 REM; measurements in Stockholm from 0.15 to 0.52 REAM.®
(This normal buckeround radiation level wounld, of course, be sub-
tracted from the level 1o be enconntered by an S3T passenger, in
order to determine the difference at high altitnde flight.)

Medieal x-rays constitute the lurgest single source of population
exposure to x-rav-hke radiztion. The range of possible exposure varies
from 0.05 REM for a chest x-ray to as much as 60 REN for a gastro-
intestinal examination by fuoroscopy.® The U.S. average anmnal
medieal xray exposure per person is probably between 0.05 and 0.07
REM ‘vear according to the National Connedl on Radiation Proteetion
aned Meusueement.

The “worst case' expasure for an SST flicht over the polar regions
at an altitwde of 70,000 feet wonld represent an average inside exposure
of .0018 REMN hour or about 005 REM for a three-hour flicht at
altitude: A pilot flving all year long on such a route wounld be in the
air for abowt 900 hours, and at ermsing altitude abont half the time.
His dose per year would be sienificantly less than 1 REN /year® A
passenger who accompanied this “worst case™ pilot on half of his
flichts would not exceed his “maximum permissible dose” of 0.5
REM/year.

The most severe solar flave vecorded, 23 February 1956, would
have vesulred in o significant inerease in dose rate, A flight during
such an event wonld have resulted in a dose rate us high as about 4
REN hour. Although such events are infrequent, it wonld be neces-
sary to provide agninst them. This could be accomplished by the use of
radintion monitoring instrmments aboard the aiveraft. Should such an
event occur, the inerease in solar radintion would be immediately
deteeted and the atreraflt could descend to a lower altitude where the
atmospherie shielding would be suffieient o keep the intensity within
acceptable limits,

The SST as a cause of unwanted weather modification

In the last five years ago or so, the attitude of an ontspoken publie
segmient toward the environment bas emerged o challenge the idea
of the environment as an immutable free good, and to eontend that
the environment is a delicate and fragile structure that man's tech-
nology threatens to shatter. There are cases where man has unwittingly
or catiously upset veological balances. The intevdependence of dwin-
diing wild-life shows this. The introduction of the water hyacinth
mto Florida (purposefuly; the rabbit plague in Australia (accidental);
the preliferation of the prickly pear cacius in Australia (purposeful);
the war waged against the vemorn fish in the Great Lakes: all serve
warning of the serions consequences of uninformed tiukering with
sensitive ecologicnl balanecs.

4 Compusative Fv
Sehaeior, (Naval e

“ Fundamentuls of X-R
Thomas. Springtield, 1, 19

ation) of the Tadintion Envireoment in the Resnbers il fo Space, Hevanm J.

cit Mehiead Trstitute sl N AS A, Dreeomber, Bed XA 1061, 32
'\:,ul Huditan i sice, Juseph Sooiian, SLLW, thied editivn, (Charles .
v

€ This exposure ineiudes “normna]™ sobar flare sotiviny bt does pot i elade shesiant Aare of 23 Fob, 1956
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Accordingly, the public has been led to the conclusion that many
impacts of man's technology on the global environment offer the possi-
bility of disaster nuless there is proper management of “Spaceship
Earth.”

Something of this attitude has led to the conclusion that the
flight of 500 S5Ts neross the stratosphere may threaten to alter some
sort of fragile balance upon which the earth’s elimate depends. Extreme
statements offer such possibilities es the following: That clouds of
contrail vapor will shut out the sun or seal in the Earth’s heat; that
combustion of petroleum fuels will relesse enough carbon dioxide to
turn the atmosphere into a sultry greenhouse, in which ferns will re-

lace firs, and ice caps will melt to swell the oceuns and inundate the
owlands; or that particles of solid cffluent from jet exhausts will
disrupt thermal balance between earth and sky, perhaps o cause the
onset of a new ice age. Since past geological erss have witnessed such
extremes of climatic condition, and since their causes are not fully
understood, these apprehensions have received some credence.

But the important balances in the atmosphere are remarksbly
durable. Examination of the effects of water vapor, carbon dioxide,
and particulate matrer from a flight of SSTs, and comparison of the
magnitude of these effiuents with those of recent historical disstro-
phisins is one way to test this durability. Another is the Janalysis of
the quantative relationships of air, water, and carbon dioxide, Still
another is the functional analysis of the physies of meteorology.

Of course, one can never point to any variable and say that “there is
no effect from this item”. The reason for this is known in philosophy as
the impossibility of proving a “universal negative”. It is also virtually
impossible to prove such a negative scientifically as many researchers
have discovered.®® Scicnee is probuabilistic. Events or effects arc con-
sidered trivial or important to varying degrees based on their proba-
bility of occurrence, the entire analysis based in turn on a given state
of knowledge. As knowledge is gained, -estimates of probabilities
become more reliable. New questions may be snswered,

However, when it is shown that some specifiec impact of a technology
under study is quantitatively minor in comparison with the same
impact from some other source, and when the derivative of that «Zect
is also shown to be minor, it would seem appropriste to write off the
issue as closed, and to turn to other issues fcss fully resolved.

The Boeing 55T, weighing 350 tons, carrying 170 tons of fuel and
30 tons of payload 1800 miles an hour at-an altitude of 62,000 feet,
over regularly scheduled routes, introduces new conditions into the
discussion of technolozy versus environmental quality, With some
500 of these vehicles in service, %7 some of their effects on the environ-
ment have been viewed as global in scope, adverse in character, and
persistent if not indeed irreversible in duration.

The SST 15 designed to operate at high altitudes. The stratosphere
begins about 8 miles above the carth snd subsonic jets usually operate
a few thousand feet below this height. However, the 35Ts will oper-
ate best at altitudes from ten to twelve miles above the earth, four
miles above the subsonic jet traffic and well within the lower part of
the stratosphere.

# For example, see the AD-X2 Battery Additive Case—Chapter Three, Part 1.
8 The figure of 500 S57Ts has been geeepted and used by the Depnitment of Transportation as s conserva-
tive average of a serirs of independeont marketing projections.
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The freedom from traffic and from the kind of weather experienced
at lower altitudes makes the stratosphere an attractive location for
supersonic airline routes. However, will this high stratum be adv ersely
affected by the products of jet engine combustion? [t is known that
the stratosphere receives water from thunder storms, meteoric debris
and dust, as well as comiplex chemiecals and gases from voleanic emis-
sions. What is the rate at which these substances are received by the
stratosphere? How soon are they eyeled out? Is the eyehing-out rate
of the stratosphere constant or does it vary with the quantities of
material inserted? What is the quantitative relationship of these in-
gredients of the stratosphere to the potential SST effluents?

Such questions arc typical of many, the answers to which constitute
an assessment of global environmental impact, They are complex
questions and in some cases require new research to derive answers.
It has been suggested that the water vapor relessed from the SST into
the stratosphere will cut off some of the thermal energy from the sun,
causing the surface of the carth to cool off and bring back an ice age;
or alternatively, that this same insulation will capture and retain
solar heat, causing a possibly lethal rise in global surface temperature.
The possibility of en‘nrged atmospheric content of carbon dioxide is
also alleged to contribute to the latter effect. Another notion is that
water vapor in the stratosphere might destroy the ozone layer. (The
ozone layer filters out certain lethal frequencies of the ultraviolet spec-
trum, which if allowed to penetrate to the carth’s surface might
challenge the survival of land Iife.) One somewhat extreme view is
that the consumption of fuel for mdustry, cleetric power gencration,
and surface and aerial transportation threatens to consume all the
oxygen in the atmosphere.

Global atmospheric pollution versus local air pollution

To generalize from the conditions in a smogey urban area to the
whole earth disregards the enormous differences in scale. In the city,
man’s technology is the primary and indeed virtually the only source
of air pollution. But globally, man’s technology is only one of many
sources of pollution—a relatively minor one—while” & number of
natural phenomena contribute vastly lurger quantities of pollutants
than any from human sactivity. .

There are several ways to analyze the causes, effects, and rates of
global atmospheric pollution. One way is to corapare the contaminants
released by human activity with similar contaminants natural to the
earth’s atmosphere, or contributed by natura! events.

Another criterion is the relationship between the quantitative effect
of some specific pollutant from a particular souree in question and the
range of differences measured in the naturally-occurring level of the
same pollutant. (The rates at which the natural OCCUITENCes O con-
centrations of particulate matter, gases, ice particles, aerosols, and the
like fluctuate yvields information on the tendency of the stratosphere
to retain or reject them.) Oxygen and carbon dioxide occtr naturally
in the atmosphere, but are constantly in the process of being recycled,
mm nature. Plant decay combines oxygen from the atmosphere with
carbon from the orgunic ma tter, producing carbon dioxide; then, in the
presence of sunlight, green plants consume carbon dioxide and water
to produce more organic material, with oxyezen as a byproduct of this
process. Thus, the average content of oxygen in the atmosphere
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remains very nearly a constant in nature, but man’s consiumption of
fossil Tuels (coal and petrolsum products) has been thought ‘to upset
this balance, Que measure of global pollution, therefore, is the rela-
tionship between the amount of axyzen ¢onsumed in the burning of
fuel versus the total available supply of oxygen, and conversely, the
total amount of carbon dioxide in the atmosphere. Evidence of a
secular (sustained one-way) change in either oxygen or sarbon dioxide
content of the atmosphere would be a serious matter, especially if 1t
were shown to be substantial or increasing exponentially.

Still another measure of the significance of the seriousness of a
particular pollutant is to cxamine historical episodes in which, by
naturally-occurring events, very large quantities of this same pol-
lutant were injected into the atmosphere and then to ascertain whether
the consequences were significant and adverse.

Man's use of orygen versus the atmospheric ozygen supply

Oxygen accounts for 20.95% of the total atmospheriec mass, and
weighs about 1.3X10% tons. All remaining vecoverable fussil fuel
reserves total an estimated 2.97X10% tons. If man were to burn all
of this fuel, the total recoverable reserves, he would consume 3% of
the available atmospheric oxvgen. The percentage of oxygen in the
atmosphere would be reduced from 20.95% to 20.329.. The concen-
{ration of oxveen available for breathing declines by an amount 1%
timoes as much as then this when one travels from Washington, D.C,,
to Denver, Colorado, due to the lower air pressure in Denver., It
appears that man is incapable of exhausting, or even significantly
reducing his oxyeen supply.

As to the role of plant life in sustaining (his reservor, Wallace
Broecker # offers the following comment:

First of all, ench square meter of earth surface is covered by 60,000 moles of
oxveen gas. Plants living in both the ocean and on land prodnee anunnally abou
& moles of oxygen per square meter of earth surfuce, Animals and bueterin destroy
virtually all of the produets of this photosyathetie activity; henee they devour un
amonnt of oxvgen nearly identical to that generated by plants. If we use the rate
at which organie carbon enters the sediments of the ocean a8 o measure of the
amonnt of the photusvnthetic producet preserved each year we find that it is abont
33 10-3 mule of earbon per square meter per yvear. Thus, animals and baeteria are
destroving all but 4 parts in 10,000 of the oxygen generated ench year. The net
annnal oxvegen production corresponds to about 1 part in 15 million of the ovyvgen
present in the atmosphere. In all Jikelinood even this small amount of oxygen i=
bring destroyved through the oxidation of the reduced earbon, iron, and sulfur
being expused each year to weathering processes. Thus, in its natural state the
oxygen content of our atmosphere is exceedingly well buffered and virtually
immune to change in a short time seale (that is, 100 to 1080 years).

Man has recovered altogether abont 10! moles of fozsil carbon from the Earth's
sedimentary rocks. The fuels bearing this carbon have been combusted as a
source of energy. The carbon dioxide produced as a by-product of this enterprise
is equal in amount te 1S pereent of the carbon dioxide eontained in our atmos-
phere. Roughly 2 moles of atmospherie oxygen was required to liberate cach
mole of this carbon dioxide from its fossil fuel source. By so doing we have used
up only 7 out of [each] 10,000 oxygen niolecules available to us. If we continue to
burn ehemienl fuels at our eurrently aceclerating rute (5 percent pur vear), then
by the veur 2000 we shall have consumed only about 0.2 perecnt of the availabie
oxveen (20 molecules in every 10,0005 If we were to burh all known fossil fuel
rosoryves we would use less than 3 pereent of the available exveen. Clearly a gen-
eral depletion of the atmospheric oxygen supply via the consumpiion of fossil
fuels i= not possible in the foresceable future.

15&\\'3";}&' 3. Broecker “Man's Oxygen Heserves,” Science, (Vol. 108, No 3930, June 20, LRGI, pages 1537-
s, :
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The effects of increasing atmos pherie carbon dicride

When carbon dinxide (COy) 18 relensed as a combustion produet, it
is distributed throughout the entire atmosphere. Where and how it 1s
released does not affect this dispersion. [t is whsorbed by the acean,
by plints and other life, and part remeaing in the wr, The division ol
G0, among these three reservoirs holds & fairly constant ratio. [Its
distribution and absorption rate, therefore, seems to be a funetion of
atmospherie concentration. That 15, the more CO, there is to absorb,
the more that is sbserbed. The aumosphere, all iving organt=ms, and
the ocean thus beenme reservoirs for CO, and the available quantity
released to the air is “partitioned” among them.

Accurate measwrements of the partiioning wele made for the first
time during the period 1958 through 1963.%°

Beginning in 1958 and extending through 1563, two pearly eontinons series
of measurement of ntospheric GOy canient wert nutcle. Ome of these Series wid
taken at the 1S, Weather Bureau statipn Dot the top of Maina Lou Mountain
in Hawnail (Fales and heeling, 1065), the other at the Hl_'n.in‘:l Stifes secientilic
station ai the south Pole (Jrown and Roeeling, 1863). The mensurements were
surricd out on an infrared sas speelrometer, with & relative aceuracy for a sinsle
measurerient of about=1.1 ppm. The phserving stations are focated pear the
conters of vist atinospheric mixing areas, far from uncontrollable sonrecs of con-
Ciminants, Beeause of these nearly ident locations, tosether with the hizh pre-
cision of the instruteents. and the extremc eare with which the samples were
taket, these cusureicnts ke it possible 10 estimere the scenbo trend of
atmospherie Gl with an aceuraey greater by two oraers of mngnitnde than ever
hefore. Some fifteen thousand measurements were earricd out during the five-
vear period.

The date show, eclearly and conelusively, that from 1958 throush 1963 the
curbon diosice content of the atmcsphiore e cased by 156 perectit. The inereast
frony year (9 year wis guite reguler, close to the average annual value of (125
pereent. By compuring {he meastared jvercase with the known quantity of carbon
dioxide produced by fossil fuel combu=tion we see that ahnost exetly half of the
fossil fuel GOy apparently remained i the atmos ahere.

Pl : i )

The table below shows the potential Incrcase 1 Q. as o result ol

the complete combustion of all recoverable fossil fuels.

TABLE 5.~ ESTIMATED REMAINING RECOVERABLE RESLRVES OF FOSSIL FUELS!

Cartan
dioaide fis percent
108 metric equivalent, of atmospheric
tons 101 gms. CO:in 1954
Coal SHd HERTE S - omee e r s oo e came S a S S e 2,320 5.88 252
Fetroleum and natural gas guids®. . Looeeon cimacinemenii oo 212 .67 29
B Al B e e e s e e e g s WA 166 W43 18
Tar sands<.. 75 JB4 10
Dil shalet._.. ... 198 .63 27
ROl s o e o i o e e S e g i S 2,971 7.85 336

t1bid., paze 120.
= Bseumed 1o be 23 percent lignite containing 45 percent carbon, and 83 percent bituminous coal containing 75 percent

carbon.
5 hesumed carban content af petroleum, natural gas liguids, and hydrocarbons recoverable from tar sands and ail

shales=86 percent.
1 hssumog composition of natdral gas by volume: CHi=80 percent, CgHy=15 percent, Na=5 parcent.

Spurce: Computed from data given by M. King Hubhert, Energy Rescurces, A Reonrt to the Commitiee on Nalural
Resources of the Naticnal Academy of Sciences National Ressarch Council (HAS pablication 1o00--D, 1862), pp. 1-141L

From these duta the following conclusion is reached:

We may conelnde that the total COs: addition from fossil fuel eonibustion will
be a little over 3 times the atmospherie content, and that, if present partitions

ST
6 17,8, Prestdent’s Seicuee Advisory Committee, Euvironmental Poltution Panel * Restoring the Quaity
of Our Environment”” (The White House, November BB pages 115116,

57-307-—T1—4%
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between rezervoirs are maintained, the CO; in the atmosphere could increase by
nearly 170 percent.’?

The atmosphere now contains CO, in the ratio of 3 parts in 10,000
by volume. Complete combustion of all fuel reserves would ineresse
this by 1709, It would then become 8 parts in 10,000. Since no more
CO. could be added (from further combustion) the amount would
then show u yearly decline as it is partitioned to the biosphere and to
the ocean through time. B

Estimates of atmospheric CO, have been made for the year 2000
based on various rates of fuel consumption, These calculitions are
summarized as follows:

Assuming further that the proportion remaining in the atmosphere continues
to be half the total quanticy injeeted, the increase in atmospherie COy in the
year 2000 could be somewhere between 14 percent and 30 percent [of the amcunt
now present].7!

In other words an increase of 309 would change the ratio from 3
parts in 10,000 to almost 4 parts in 10,000. This can be regarded as an
unimportant effect, and quantitatively less than the margin of error
in typical field measurement. i

Carbon dioride and the weather: The “greenhouse effect”

In the quest for understanding of the moechanisms of the climate
and the weather, meteorologists sometimes separate out one coustit-
uent and explore theoretically the consequences of an increase or
decrease in its proportien to the other ingredients of the ntmosphere.
This has been done with CO,. One conclusion of the exercise is that
an increase in the CO, content of the stmosphere sets in motion a
complex process that results in the heating-up of the lower atmosphere

“troposphere”. This is ecalled the “Greenhouse Effect”. The
or “'troposphere’. 12 18 called the reenhouse iiecl’. 1e
hypothesis 1s described in the SCEP report in the form of & conclusion
as follows:

Radiative eguilibrium computations, including a conveetive adjustment, sng-
gest that [an] I8 percent inercase of the earbon dioxide concentration by the vear
2000 = * * would result in an increase of the surface temperature of abont one-
half degree and a stratospheric cooling of 0.5° to 1°C at 20 to 25 km; & doukling
of a carbon dioxide eoncentration over the present level would result in an in-
crease of the surface temperature of about 2°C, and a 2° to 4° decrease in the
stratosphere at the same Jevel.??

However, the study follows this comment immediately with a warning
that other factors complicate the caleulation and raise doubt sufficient
to destroy the hypothesis:

We would like to emphasize [said the report], however, that these eomputations
neglect the important interacting dyvnamics and thermodynamies of the acmos-
phere, as well as the ocean-atmosphere interaction. This neglect makes the
computed temperature changes very uncertain.™

Carbon dioxide, like water vapor, absorbs infra-red radiation. Heat
from the sun or heat reflected from the earth can pass through the
oxygen and nitrogen in the atmosphere without being absorbed, hence
without warming these transparent gases. But both earbon dioxide and
water vapor are opaque to infra-red, absorb this heat, and cause the
atmosphere to warm up. They differ sharply in the range of their
B Ibid, page 126.

7 Ibid., page 114,
2 4Man's Impact on the Global Envirenment.,” Report of the Study of Critical Environmental Prob-

lems, op. cit., page S3.
3 1dem.
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proportions that occur in the atmosphere and hence in the amount of
heat they can retain. The eoncentration of CO, in the atmosphere tends
to remain fairly constant despite changes in air temperature, while
warm air can hold much more water vapor than cold air can. Therefore
the ratio of CO, to water vapor varies widely with eir temperature,
hence with latitude and with altitude.

Water serves as a heat pump both to air masses and to differentially
heated aress of the earth, As water droplets change into water vapor
(a gas) energy is absorbed. When it reaches a cooler poing in the
atmosphere, the water vapor condenses and releases this energy. The
energy is then radiated equally in all directions, about half into space.
The condensate, as a cloud, also reflects downward the heat energy
radiated upward from the earth and reflects upward the incoming
solar energy. The cloud may then descend as rain or it may re-
evaporate, thereby sbsorbing more energy which can then be carried
to still another point.

Seventy percent of the earth's surface is water and most of the
earth’s weather is produced by this air-water-energy exchange. There
is no controversy over this role of water.

The basic role of CO; in the atmosphere is similarly undisputed as
to its heat absorbing and re-radiating capability. However, the effect
of this action is much harder to measure because the warming action
of CO, is always confounded with other and larger heating and cooling
mechanisms. 1t should alse be noted that the net energy absorbed by
the earth is related more to the reflectivity of the earth than to air
temperature,

Heat absorbed by molecules in the atmosphere is re-radiated, not
stored. The radiation is emitted in every direction and part of it is
radiated back into space,

Both CO, and water vapor produce similar effects in absorbing and
re-radiating heat and in warming the air.

Were it not for the stabilizing and counterbalancing effects of larger
variables such as water vapor, surface reflectivity, cloud formation,
and perhaps others, the warming role of CO, in the atmosphere could
indeed be computed as suggested in the SCEP guotation above to
produce the so-called “greenhouse” effect. But this is a large “if”’,
Moreover, the long-range history of climate and CO, content do not
confirm but tend to confuse, if not actually to refute, the hypothesis
altogether. The overall warming of the atmosphere between 1885 an
1940 was generally felt to be related to rises in the concentration of
atmospheric CO,. Unfortunately, for the hypothesis, although CO,
insertion has increased markedly since then, temperatures hav
slightly declined.

In sum, inereasing concentrations of CO, have not been shown to b:)
a significant variable affecting the climate. It is necessary to conclude
from the history of CO, in the atmosphere that its effect is unknown,
not for lack of knowledge of the infra-red absorption und heating

alues of CO,, but simply because the effect of CO, in the context o
all other atmospheric variables and stabilizing factors, is so much
smaller than that of other constituents of the atmosphere.

As Mitehell * * # has shown, atmospheric warming between: 1885 and 1940
was a world-wide phenomenon. Area-weighted averages for surface [i.e., air tem-
perature measured by weather stations as opposed 1o air temperature measured
by balloons or other high altitude systems] temperature over the entire earth show

2
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a rise in mean annual air temperature of about 0.5°C (0.9°F). World mean winter
temperature rose about .9°C (1L.6°F). Warning ceeurred in both hemispheres and
at all latitudes, but the largest annnal rize (0.9°C or 1.6°F) was observed hetween
407 and 70°N latitudes. In these latitudes, the average winter temperatures rose
by 1.6°C (2.5°F).

The pronounced wirming of the surface uir did not continue much beyvond 1940.
Between 1940 and 1960 additional warming ocewrred in northern Burope and
North America, b for the world as a whole and also for the northern hemisphere,
there was a slight lowering of ghout 0.1°C (6. '“I‘) in mean annual air tempera-
ture * * * Yet during this period more than 409 of the total CO. inerease from
fosxil fuel esmbustion cecurred. We st cmrtlude' th.e‘.t; climate “noise’ from other
processes has at least partially masked any effeets on eliiate due to past inereases
inatmospherie CO, content.” L

The demonstrated overall stability of the carth’s temperature (a
rise of one to two degrees between 1885 and 1940 and a fall of a few
tenths of a degree over the next 20 years) suzgests strongly that the
role of CO,, or the potency of a “greenhouse’ effect, is of minor
sienificance.

Possibility of climatic changes from waier vapor vented by the SST

A normal fleet of 400 supersonic transports making 4 trips per day
will release 150,000 tons of water per day into the stratosphere. In
addition to the water, the exhaust gases contain particulute matter,
carbon dioxide, sulphur dioxide, and other gascous products. —

Speculations as to the cousequences of this intrusion into a relative 'y
unnsed layer of the atnosphere have included & conjecture that 1t
micht induce elimatic changes. Both a lethal vise in temperature and
& new ice age have been offered as possibilities, both based on the same
wssimption that the SST would cause o permanent cover of high
clouds. Another hypothesis is the destruction of the ozone layer with a
sibsequent intensification of ultraviolet solwr rudiation flux at ground
level =

The stability of the stratosphere has also been questioned. On the
asstmption that the steady state of the stratosphere may depend on a
eritically sensitive balance of natural forces, it is suggested that the
water vapor injected into the stratosphere from the corubustion prod-
uets of many SSTs might destroy the critical balance and trigger
vasit climatic changes.’

The Nutional Academy of Sciences, NRC Committee on Atmos-
pherie Seience, has evaluated this possibility and concludes that it is
without foundation.

Our tentative conclusion, based on an assumed trafiic volume of four flights per
day for 400 supersonic transport planes, is that neither additional cloudiness
{eontrails) nor watervapor abzorption of a long-wive radiation will be sufficient to
disturl appreciably either stratospheric properties of the large-scale eirculations
that are influenced by its thermodynamie state, @

i"h‘.usmnu" T.m' Quality of Our Environment,' Op. eit., pares 120 and 123, citing: Murray J. Mitchell,
Tro “Recent ssenlyr chavees of global fomperatare,™ Aumals of New York Acadeny of Sciences, (Voi. s,
lf.N'.lh. paswes 245 250, and Murray . Mitehell Je. oOn the world-wide pattern of seeuliar temipe uture\ch.mg'a i
L Chramges of Clizmate, Home snen by UNESCO-WHO, Published o Arid Zone Research Volumes,
tI‘ iz, Val 0, 1963, pa < 16
il the broadest sins
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An analysis of the problem by the Office of Meteorological Re-
search, ESSA has produced a similar conelusion:

* * & Although an unequivocal answer eannot be offered, the general D}nn inn of
u large group of scientists alinost unanimously rejeets auy signilicant threat to
moditication of the weather. 72
The reasoning in support of these conelusions merits examination.

During 1067, three common sourees of combustion 1:1 the 'LJml,ed
States poaw(l about 1.2 billion tons of water into the air, as follows

ArLe 10
Fuel consumption: Powerplonls, arlomaobiles, and aircraft ! o

2o

carhon

fuel

b nied,

il ians

Suitree of tuns
PorwerpRn e e e Sl 447
e e e e e e e e 220
Fit T S S e = S N, T i e e 25
A S M . S 1L e = B . 2

VTable furnished by Department of Transportation.

Since each pound of fuel burned produees about 115 Ib of water, the -
burning of 692 million tons of hydrocarbon fuels will produece approxi-
mately a billion tons of water. This water, ejected as vapor, becomes a
fn}f.-tm‘ in the equilibrivm of water absorbed or released by the atmes-
pliere

The average moisture content of the air weighs approximately 150 i
tritlion tons. "I the billion tons of water generated in a yvear by the i
sotrees cited could he added to the air in o single second, it would wdd 3
1 part in 100,080 to the water normally found in the atmosphere.

A projected fleet of S3TTs would traverse a I'(‘ldli\'l'l\' wiised part k-
of the earth’s v envelope. The cruising heieht of 12 mi. would be e
four to five miles above that of conventional jet transports. Conse- ‘;

quently, the atmospherie vohune used for aiv travel svould be almast
doubled. The useful volume of uir spaceis now nbout 1.2 billion cubie
miles. With the 55T the useful volume would rise to about 2L, billion
cubic miles.

The ratio of the water produced by fuel consumption of the fleet
of SSTs 1o the water normal (¢ the wir, would be only 1 part in 1
billion. However, the water in the atmosphere is umuntnm'd in the
warmer and more dense gir near the carth’s surface. The 200,000 tons
or so of water expelled by an SST fleet would be cjected over a flight
path of some 2 million miles . The water would therefore be dispersed
at the rate of about 200 pounds per mile.

If the relative humidity happened to be near saturation in u par-
ticular seetion ef the ﬂfl'.lli"‘"}!h"l{' a contrail conld form. Lt would
exist until it was dispersed inte a volume of somewhat dryer air and
then, as water vapor, it would lwunm“ invisible. However, the steato-
sphere s normally dry, with only 2 o 3 pereent of relative humidity.
Acecordingly, it is highly unlikely that such a conteail could form.

The diffusion of the water vapor behind the aireraft is rapid and
coutinues until equilibiium wih the swrounding air is achieved.

A emo report o the Adnunistiator of ESSALY (Oetober 4, 1065,
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Water vapor, like CO;, absorbs energy in the infrared region of the
spectrum. If one attempts to measure the change in radintion Intensity
on a square foot of earth’s surface within about two minutes of the
fiy-over, he will be seeking u change in sunlight resulting from the
light penetrating «n expanding bund of water vapor which by that
time would have merged with the wing tip vortices. These two rotating
tubes of air would have a total cross seetion of about 200,000 square
feet.

The SST requires two seconds to fly & mile. Therefore, two minutes
after passage the expanding water vapor would occupy a volume of a
billion cubie feet of air per mile. Measuring solar energy intensity en
a square foot area directly benenth one of the tubes (about 850 it. in
disineter), exisiing at this instant would require detecting changes
associated with the filtering efficiency of .0024 ocunce of vapor f
\\-'eigil}:led as waterj. Measurement would be most uneertain, if possible
at all,

Gradual accumulaiion of water in the stratosphere

However small the daily effect may be, the question needs to be
considered as to whether 1t would be cumulative. The SST, once in
service, would remain in service. Would the vear-by-year deposits
of water eause a gradual accumulation which could eventually affect
the normel environment? That 15, would this normally dry, hich layer
of gir preserve its equilibrium? Would the water from the SST accumu-
late with time or be disposed of by the natural mechanisms which
now preserve the equilibrium of the stratosph re?

A recent symposium at Williams College to study eritical environ-
mental problems tentatively concluded that in polar areas, the strato-
sphere could accumulate enough water to produce an incresse in
cloudiness during the winter season. In expressing their concern, the
symposium recommended that tests and research be conducted to
detecmine, first, whether or not additional clouds would oceur, and
second, what effect these clouds might have,™

1t should be noted that the stratosphere possesses natura] mechan-
isms which tend to hold its conditions fairly constant. The higher
strata of the atmosphere are nob immune from the effects of low-
altitude weather. A single, large, cumulonimbus (thunderstorm)®
cloud can inject as much water vapor into the stratosphere as would a
fleet of SSTs making 1600 flights on a given day.,

i ';:ian’s ITpact on the Global Environment.”” Report of Critical Environmental Problems 8CEP,
op. cit., page 17.

% The number of thunderstorm injections per day is estimated to be between two thousand and six
thousand. Seasonal varlations and low altitude weather changes give a wide range to this daily insertion of
water from niatural causes,

The number of stratospherie penetrations within the continental United States is estimated to he 508
per year, 55 of which reach attitudes higher than 18 km. [R. F. Jones, et al. "World Metearulogical Problems
in the Design and Qperation of Super Sonie Aireraft.,” In Warld My teorolopival Organization, Publicxtion
No. 218, (Geneva, Bwitzerland, 1945) )

The water content of the stratosphere, however, remalns quite stable and very low. E234 duta show
that over the past five years the water content af the stratosphers has shown 8 slow inerease and is now 507
greater than it was five years ugo. In numbers, however, this 507 inereuse is the difference between 2 parts
per million (ppm) and 3 ppm.

Ahout 209 of the atmosphere lics ahove 38.000 feet. This quantity of air weighs 11.4 X 104 tons. Strato-
spheric water would therefore be approximately:

at 2 ppm—22.8 X 10F tons
at 3 ppm—34.2 X 10# tons

Some idea of the water eyeling capability of the stratosphere can be obtained by comparing the relatively
stable amount of water present in the stratosphere with the amount received from thuitderstorms rach day.

If we use the ESSA estimate of approxizaately 150,004 tons of water inserted into the tropieal strutosphere
from a simpla large cumuionimbus cloud, then for each 500 such daily events (& eonservative estimate)
the stratosphere would receive 75 % 107 tons of water.

This rate of water insertion (500 cumulonimbus clouds per day) would require 45 days to plice {n the
stratosphere an amount of water equal 1o that now present. This constderation is less important than the
fact that the water level in the stratosphere is extremely eonstant. To remain constant, or approximately so,
the stratosphere must release all the woler il receires each day abore that normal to its stable atate,
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For each 500 large cumulonimbus clouds # that occur each day the
stratosphere receives, but also releases, seventy five million tons of
water. The water injected by a fleet of 500 55T would be 0.002 of this
amount; this small inerement would also be subject to the same evel-
ing mechanisms, The stratosphere is dry, not because it lacks exposure
to huge quantities of water, but becanse natural mechanisms tend to
unload excesses so as to stabilize its water content at u low Jevel.

How long does foreign matter remain in the stratosphere? The
period of 18 months is often used. The figure was derived from fall-out
detection following & nuelear test.* The nuclear decay of the fall-out
indicated an 18 month period from the initial explosion. This experi-
ence has provided meteorologists with a basis for their assumption
that water from the SST will remain in the stratosphere {or 18 nwnt-hsj

Yet the cycle time of water placed in the stratosphere would have

little bearing on stratospheric humidity because the water released

each day is approximately equal to the amount received. It is neither

likely nor necessary that the water either released or absorbed in a y
given day be the same water. When air is circulated into & cooler g
region, it becomes less able to carry water. A temperature change can ;
cause condensation of water to oceur, and the water will condense
without regard to how long it has been there.

If it be assumed that the water placed in the stratosphere by the
SST actually did take 18 months to be cycled out, the storage of water
in the stratosphere would rise steadily to resch a maximum in 18
months of 8.1 x 107 tons. The Study on Critical Environmenta
. Problems (SCEP), estimates that this quantity would incresse the

water concentration in the stratosphere from its present average of
3.0 ppm to a global maximum of 3.3 ppm.»

The hypothesis of a rise in stratospheric humidity based on «
residence time assumption for water is at varisnce with the observa- g
tion that the stratosphere does not retain the water to which it is :
exposed, except for the amount which sustains its steady state humid-
ity. The increase based on assumption of a residence time is therefore o
“worst case” hypothesis.

Finally, should the “worst case” be true, the increase would repre-
sent a change only one fifth as great as the normal fluctuation noted
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by ESSA over the past five years®
Stability of the ozone layer - k3
The possibility has been raised that the water released by the SS8Ts }

could cause a degeneration of siratospheric ozone. The consequences
of this loss have frequently been deseribed as the opening of the atmo-
sphere to the penetration of lethal ultraviolet radiation, capable of 2
killing all living things except marine life,

Molecules of ozone are diffused through a deep layer of the strato-|
sphere, showing a peak concentration at the mid-point of the layer,{

8 The precise nimber of thunderstorms thet oeenr each day, and the precise number of thunderstorms
that rise high enongh toinjoet water into the stratosphers are poorly dosumented, Aceordingto the Me Ciraw-
Hill Encyelopedis of nee and Tee 2y (Vol. 3, p. 140), weather stations, world-wide, record an
RVErage of 45,000 thand: rms per d These stations record meteorological everits over only a small
portion of the earth’s land mass and almost none of the earth’s warer surface, A conservative extrapolation of
these records would indioate that more thand 200,000 thunderstorms acenr world-wide, each day, Tt {2 esti-
miuted that some 5000 to 6000 of these are laree and hizh enough te reach inte the stratosphere, The faure
of 34 storms per duy iz nsed in this study asan illastrative ficure, arbitrary but conservative, :

2 “Afan's Illi:pﬂc" on the Global Environment.” Heport of Critica! Environmental Problems, SCEP, ;

op. cit,, page 17,
B X un’s Tmpact on the Glabal Envirenment,” op. e, page 16. . ;
* Lester Machta. “Water Vapor in the Upper Atmosphere.” SAE/DOT Conference on Ajreralt and the } 3
- ) Environment. (Februgry 3-10, 1671}, page 107, (BAE Paper T10313.) - :
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which is about 80,000 ft. above sea level (about 4 miles above the'
cruise altifude of the 53T,

Over any given point on ecarth, seasonal variations in 0; (ozone)

concentration average about 259, Daily fluctuations over any single
point on earth are at least 109 on a given day. Over a year’s time
the ozone concentration above a single point would therefore vary by
a third or more. (The intensity of ultraviolet radiation reaching the
earth’s surface on a “clear”’ day varies even more widely since haze

and dust are more efficient than ozone in blocking short wave length .

radiation.) The ozone density over different parts of the earth varies
through a range of more than 1009, In particular, it increases with
latitude, the polar regions having double the average concentration
of the tropical areas.

The SCEP examined the potential of ozone destruetion as a function
of the insertion of water and other combustion products into the
stratosphere. Their study of this issue included the “worst case”
assumption of an 18 month cyele for all materials deposited by tl
SST. They concluded that if any effect conld be detected, the eflect
would be well within the duily variation and would be of no signifi
cunce,® ;

I summary, the stratosphere is not dry because it lacks exposure
to water vapor. 1t maintains & state of low humidity due to natural
mechanizms. Similarly, there is no evidence that stratosphere states
or other climatic conditions are dependent on a “critical” or “delicate”
balance of forces. To the contrary, much evidence exists that the
stratosphere us well as the ozone luyer (and the earth's climate)

rernain stable despite insertions of water end other materials in

quantities vastly bevond the remotest capability of any conceivable
fleet of SSTs. And, in fact, the amount of water inserted by the
Sytandard fleet” of 500 557Ts is minor compared with the quantity
cycled in and ont of the stratosphere each day.

The SST, ozone concentration, and the skin cancer hypothesis

Durine the eongressional debate on the S3T in March, 1971,
the possibility wis raised that water vapor in the SST efiluent night
deplete the protective ozone layer of the upper atmosphere, resulting
in an increase in solar radiation ef carcenogenic frequencies that
reached the surfuce of the earth. A collection of statements from
Ssome of the Nation’s most respected research institutions’” was
introduced into the Congressional Record, offering a namber of
opinions generally agreeing as to the plausibility of the reasoning
behind the hypothesis, or at least nrging that its factual underpinning
be thoronghly and scientifically investigated.®

< e A ants Trinpact an the Global Environmeat," op, eit., page 16,

85 This diseussion is hased on o geries of prepared statenients and eommitiications that appeared in the
Coneressional Record of Marel 19, 1071, page 8 3483, under the title, “The 33T Conld It Lizeraase the Linei-
denee 6f Skin Cancer?” The initial statem mt was by DeoJames B MeDow an atmozpheric phy sicist
at the University of Acizena, who bod developed the skin caeer hy 5 asoding and gonclusions
were supported v Dr. Uiio Godd, assoeiats s iflc « e for proz anver Institute, el
by [our com=ultants in atowspliorie seisees, two tnwg ology, 1
effects, Poup of thess consultants had preparsd separate ¢
additional eolieetion of Iotters and statoments Were presented 1
plities poneaer fthiese, five pave indeterminats answirs ssipalified themmsetves for want of familiarity
with tiie T 1 t «d; live restricte anenziats to an azyeement that if more ulirs-
violet ruliation reached th < surpaee. thers woald bean in i1 skii eaneer: foar gave sunport 1o
Dr. MeDaopab s tissis without vonteilvating further data; and satd that the questivns raised by LD
Aelromadd coutd not e evaliats! i the abeenee of fuether research, (One said that such research eould be
perfornuad fairly quickly and another said that the question conld not be lald to rest in o decade.)

1 snerts in the various seleatifie dizei-
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The importance accorded the hypothesis derived from accompanying
estimates of additional eases of skin caneer in the United States
that might be attributable to the fhght of 800 supersonic transports
m full-time operations. These were variously given as 10,000 new
cancer cases & year, or from 23,000 to 103,000 additional cases. The
last-named fimure wus also described as possibly s conservative
estimute, even thoseh it amounted to a doubling of the incidence of
skin caneer in the United States.

The hypothesis was that the water vapor in the effluent from a fleet
of SSTs in full-tinme operation wouid deplete some of the ozone in the
stratosphere. Ozone serves as a filter to absorb the particular wave-
lengths of uliraviolet radintion that are alleged to cause one type of
skin eancer, cither by themselves or in some kind of synergistic process
that has not vet been identified. Due both to the threat to health
asseirted and the strongly held public attitudes towsrd oll forms of
cancer, this hyvpothesis aned the mechanisms it implied, werranted the
closest serntiny aud analysis.

The hvpothesis that ozone density in the steatosphere will be re-
duced by 85T flights hinges on two assnmptions: (1) that the quantity
of water injocted into the stratosphere by an 88T fleet s large com-
pared with imjeetion of water from other—.e., natural-—enuses, and (2)
that the presence of water in the stratosphere will in fuct cause a
decrense in the amount of ozone present, and that this decrease will
result in an ineresse i ultraviolet resdintion reaching the earth.

As 1o the first usswption, concerning the vatio of the water
naturally eveled o and ont of the stratosphere from natural sovvees |
as compared with water vapor from the 55T, it has been pointed out |
that the stentosphere yeeeives ind rejects water on a duily basts whieh!
far exceeds that inserted by the 5T, The difference is greater, in faet,
by several orders of magnitude.

In addition to the water from thunderstorms, another important
source has been identified recently by Dr. Tred Singer, ehief seientist
to the Dopartment of the Interior, He hos pointed out that the con-
version of methane gas, generated by marshes and deeay of vericultural
and forest wastes generally, into water in the stratosphere is a signifi-
cant but heretofore unnoted source of stratospheric moisture.¥ He
caleulates that methane conversion in the stratosphere will con-
tribute 3.4 x 10% em/sce of water, an amount more than double that
formed by 400 S37Ts making four trips o day eaeh,

The sources of moisture to the stratosphere provide water vapor in
quantities far exceeding the amount that actnal measurenicits show
to be retained by the stratosphere, In ovder to justify the hypothesis
that the SST operation wonld indeed cause o signifieant aceumulation
of this water, the asstunption is made that each water injection remains
there for an 1s-month period before dropping ont. Were this same 18-
maonth duration to be assumed as valid for all forms of water injection
into the stratosphere, the normal. low relative midity in the stratos
sphere conld not be explained. It seems probable that the amonnt of
moisture retained by the stratosphere s determined by o stable
dynamic balanee, and that insertions of water in excess of this natural
bulunee are rejected downward.

 Fred Singer. “Steatosphiers Water Vagor Tuevoass Dt Methane® P aper in preepaation. Mareh 15,
TN
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In the lnboratory, water vapor hias been shown to redues ozone con-
centrations experimentally. Numerous caleulations and mathematical
models show that when ozone und water vapor arve mixed and permitted
to react, some of the ozone is destroyed. The second assumption,
above, is arrived at by generalizing from laboratory data and ealeula-
tions. On this basis, the eonclusion has been offered that when the
water from an SST fleet 1s inserted into the stratosphere, the water
vapor concentration will rise by some factor estimated variously
between 7 percent and 10 percent, or from 3.0 to 3.2 ppm. From this
reasoning, it is then concluded that the ozone coneentration might be
diminished, by reaction with this added water vapor, by 1 or 2 percent.

Similar mathematical models were made which predictad that the
global increase in (C/Os attributable to a fleet of SSTs would have a
heating effect. Both in the case of COs and in the cuse of ozone destrie-
tion, the models while internally consistent appear 10 have neglected
more potent variables present in nature. Evidence is available in
nature that contradicts both effects, Thus: (1) despite a steady rise
in the output of CO, over the past century, the earth is cooling slighth
instead of warming; (b} in the case of ozone destruetion, an increase
in stratospheric moisture of 50 percent has been noted over the past
5 years,*® yet ozone measurements tauken at fixed points over this
period of increasing stratospheric humidity varied widely but when
averaged indicated an ozone inerease of about 6 percent sinee 1961.5°
This imcreased concentration of ozone in the stratosphere has not
been explained, but it would indicate that the mathematicnl models
of natural events on which the entire ozone destruction hypothesis
depends, exclude significant variables. Moreover, the variables in-
cluded in these models—at least in the cases of ozone and COs—are
of less significance than thoese that were omitted.

Effectz on climate of solid particles fromn SST effuent in the stratosphere

A solid partiele is opaque to most of the spectrum of solar radiation.
Solar energy impinging on the particle is partly reflected and partly
absorbed by the particle as heat. The warmed particle releases iis
energy by re-radiating it emnidirectionally and by convection with
surrounding air molecules. In essence, the solar energy intercepted
by the particle is largely lost to the earth’s surface * but can con-
tribute a warming eficet to the surrounding air molecules.

One hypothesis derived from this observation is that particulate
matter ejected into the stratosphere from SSTs might become ex-
tremely voluminous or concentrated. The stratosphere might then
absorb so much of the sun’s warmth that the lower atmosphere and
earth’s surface would at worst freeze over or at least experience
undesirable climatie alteration.

The conclusion of the discussion to follow is that the hypothesis
is improbable. Rensons for the conclusion are: 1) that cosmie dust

% Lester Machta. On. rit,

% Personal conversation witlt Mr. Robert Grass, National Oesanie aud Atmospheric Adminis
[NOAA). The measurements span a Ikvear period, taken at 18 stations disteibutsd arotind the w
Grasz noted that a NOAA repart coveyine t tvaldwonlid be preparad, and waould include simi
noted in a recent Rushin study, The 2 of these eryutions is that intensity of U Ho
has heen eorrelated with pzone eoncentration in the atmosphers. The 6 pereent over-atl inerease in ozone
concentyation tn the atnrosplicre aver the pest 10 years was in fet deduced from the measured reduction in
UV intensity at the earth’s surfaes,

® The amotint of the sun’s enerpy aciually reaching the surfaee of the earth is largely determined fiv the
augle (lotitude and time of dax) of the eartll’s surfaee to the san, and the elurity of the 10w altitude atnos-

phete (determined mostiy by weather conditions), The absorption of selar energy by the stratosphere is
nminute.
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constantly falling into the atmosphere exceeds in volume the quantity
expelled from any conceivable fleet of SSTs, 2) that historically
recorded volecanic eruptions huve projected into the stratosphere
vastly larger quantities of dust than any fleet of S3T could provide;
and 3) that in any event, the thermal mechanism of water vapor-
clouds-rain is much more influential in directing or wltering the
effects of solar flux than dust could possibly be. Any weather satellite
shotograph will show about half the earth’s surfuce to be shaded by
Lighly reflective clouds at all times.

Cosmic dust varies in rate of fall from season to season and year
to year. Yet its effect on climate has been negligible. The earth has
experienced great volcanic ernptions which have sent enormous
quantities of dust aloft but the elimatic effects, while validating the
theory of the cooling effect, do so only to the extent of a few degrees
and for a year or two.

In short, the stabilizing effect of atmospheric water has demon-
strably operated to refute the hypothesis of significant particulate
eflects on weather, under repeated and sustained conditions vastly
more severe than the SST or any fleet of SSTs could create.

Magnitude of SST particulate efftuent

The General Electric Co., manufacturer of the SST engines, esti-
mates that carbon particles from the SST engine will totul five pounds
per engine per hour. The total carbon emission (20 lbs./hr./plane)
would be dispersed over a distance of about 1800 miles.

The highest concentration of carbon would exist about an hour
after passage of the aireraft through a calin section of the sky. Most
of the exhaust is drawn into the tip vortices formed by the wing. The
lift generated by the wing imparts momentum to the air. The energetic
air departs from each wing tip as an expanding, whirling mass of air.
These two air masses rotate in epposite directions and horizontally to
the ground. They depart in & downward direction and spread away
from each other. In calm air they will eventually stagnate below and
to either side of the flight path. The final diameter of the becalmed
horizontal columns throughout which the carbon has baen mixed would
be a few thousand feet across.

If all the carbon emitted is contained within these two air columns,
each will contain 10 lbs. in an hour’s flight. Based on a maximum
diameter of 1000 feet, each column will have a volume of 7 x 10" cu.
ft. through which 10 lbs. of carbon are dispensed, or 7 x 16" cu. ft. of
air per 1b. of carbon. This iz not a detectable quantity. Moreover, the
material is chemically inert.

The smaller the particle, the slower it will fall to the earth. As size
decreases, gravitational forces become less and less important com-
pared with convective air movements and eddy enrrents. Finally,
particles of extreme fineness become responsive to the random move-
ment of air molecules. The gravitational pull of the tiny particle
mass is so trivial relative to the forees in the surrounding air that the
particle becomes entrained, its greater density showing ounly as a
slight downward bias in its general random movement.

Unless a stratospherie particle becomes larger # for some reason,
a year or more could pass before its earthward bias will allow it to

# Reaetive particles of sulphur (2. sulnhareus or sulphurie acid or ammonium sulphate) may grow

in size due to photochemical forces which may «teadily add additional atoms te the oricinal moleculs (e.g,
adding nitrogen and hydrogen to a sulphate radical to form ammonium sulphate).
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perhaps ended, if it becomes o condensation nucleus.

- A “normal” fleet of 500 S3Ts, cperating ten hours per day, would
release a total of 50 tons of carbon per day. If an average stay time of
18 months is assumed {or particulates pluced in the stratosphere, then
the steady state density of the carbon foliowing an 18 month build-up
is of interest. Based on an average residence time of 18 mouths, the
cerbon particulates would veach a pesk concentration of less than
98.000 tons and stabilize at that level. (550 days times 50 tons per day
eqials 27,500 tons.)

The SCEP study added to this figure for particulate carbon a
considerably larger figure for “particulate” combustion products
of sulfur. The analysis offered in that study may be open to challenge
on that account Lecause sulfur in the exhaust is relensed as sulfur
dioxide, n @as. To become a particle the sulfur dioxide must be cither
dissolved into a dropiet of water or chiemically converted into a solid
sulfur compound after being released. The SCEP study considered
the case of & 1009, conversion of all sulfur released into particulates,

For these and other reasons ® the SCEP assumptions as to sulfur
emission products must be considered to represent a “worst cuase’

. treatment of the problem. Thus, accepting these generous estimates,
and considering, as was done, all sulfur products as “particulate”,
and with & cyele time of 18 months (to reach the stuble peak level)
the peak concentration of sulfur products would reach 151,500 tons

. and the carbon total would rewch 28,000 tons, a combined total of
209,000 tons of “particles”. This sounds like quite a lot of dust to be
seattered along the stratospherie airlunes. However, it is considerably
less than the dust already there.

settle. However, the floating lifetime of the particle is shortened, !

Comparison of SST particles with cosmic dust

The dust from space, mostly particles ranging in size from a mil-
lionth of a micron to several microns, joins the earth’s atmosphere in
surprisingly high quantities. The micro size of the particles causes
them to fall slowly, like the dust from voleanoes.

The infiltration of meteoric materinl does not eceur at & constant
rate but is relatively uniform if compared with voleanic isertions.
It is a relatively uniform dispersion to which voleanie material must
be considered an oceasional, albeit huge, addition.

The quantity of dust reccived from space has proved diffienlt to
measure and caleulations of the total vary through several orders of
magnitude. The assumption that a series of measurements taken in one
part of the world during a given time period can be ceneralized to the
entire globe is probably not a safe one. Also, some collection and
detection methods seem more effective than others, Among the more
complex of these are the remote sensing methods employed on satel-
lites. Although the satellites remove all doubt that the materials
detected are cosmic and not of earthly origin, interpretation of the
sensor signals has introduced new uncertainties.

o Apong the athers: fuol eonsumption was improperly astunied to b ponstanst, insteard of deereusing
steadily during o trip; the Ggure deaced Was botons ped br, aess{t Whereas g niove peeitiate estinn e Wo
this v eryee esamption of 5 tonshir, Ao, wentent of 0577 wWas used. Prosentalay fnels . .
rirtage betweer 007 dadd 0047 Suifur s w & hweanse (L produers corrosive eormmbuastion
produets that shovten engine e, The pro o been steadily reducing siliur eontent acd
the trend 15 expected to continue. G the hasis of past vapeiieie: with this progress, o suliur content of
so1neW b hetween U197 and 0057 woulid Tnoa sapnable expectution by the tivie the Bocing 58T conld
hecome opetatioal, The semioval of sulfur from £ of ali kinds may be geeclerated by the President’s
proposed graduated tex on salfur bearing fucls, (Deseribed in New York Times, (February 2, 1971), page 246).
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Estimates of the dsily accumulation of cosmie dust now vary
throuch five orders of magnitude (from 160 tons per day to 10 million
tons per dayv). _ ) y

Ros=en and Ney ® obtained results in the mid-range of this vanation:

The partiele flus observed with the photo-eleetric particle counter is about
4% 102 em—? see-! for diameters between 0.5 and 2 n. This implies & mass flux of
about 4> 10° meteoric tous per vear over the earth.

Studies showing much heavier quantitics were summarized by T.
Grjebine

According to a research summary by Grjebine in which a variety

of stratospheric sampling methods were correlated, the earth receives
enough micron range particles (metallic) from space to show a strato-
spherie concentration (between 15 and 25 km altitude) of 231074
grams per eubic meter, In other words a column of air one meter on a
side and 5000 meters high would contain one gram of metallic dust,
This is not ¢ sionificant filier as far as solar energy is concerned. Yet,
the quantity of eosmic dust is between 4000 and 5000 times as
lavee gs that sugeested for an 53T fleet under n “worst case’” assump-
tion. : —
Of course, cosmie dust i= assiuned (for want of better informuation)
to be more or less evonly distvibuted, By contrast. SST flights would
presumably be mainly 1u the novthern hemisphere along established
vourtes, This would menn repeated dispositions along velatively narrow
bunds in the stratosphere. This flicht pattern could be expected to
result in more localized coneentrations of purticles.

Such concentrations however are not likely to oceur. The reason
for this is as follows:

In their ealeulations. the SCEP considered the partieulates ns in-
serted in a stagnant fashion rvather than from hieh speed flight ™
The instantancons misinge characteristies of the S5 (wot considered
by the SCEP) should uiso be teken into account. Assuming that all the
S0, would become partieuiates, the total sulphate and earbon deposi-
tion % 67 ke/br, The mixing vortices of air into which this material
is placed towals 4310 cubie meters of air per hour. The concentra-
tion per flicht 1s caleuluted 1o be 16X 1077 grams/im’

For the SST effluent to achieve the particulate density suggested
by the SCEY of 330 parts per billion weuld require two hundred tlights
over precizely the sume flicht path duemg which tme (50 days)
abszolutely no natural atmespheric movement along the flight path
would be assumed to oceur.

These conditions are quite impos=ible. For example, a (very reason-
able) veloeity of the upper air of no more than 1§ hnile per hour would
prevent the residue left by one tlight from mixine with that of the
next. Air movement I the stratosphere varies with attitude but is
almost never still. Wind mevement varies from 25 mph up to several
hundred mph.

Comparative magnitude of volcanic particulate effluent
The SCEP, in considerning the problem of partiealate concentra-
tigns resulting from repeated use of regulor routes, made a comparison

B3 MR
and Dust ™
and thwe S
Priuting (ntiee, U b

“Meteot Orlits
tid Fpace Admiistiation
witht, UL, Governneul

il Dristribaation of st i the Steatns
npesnon sponsored L the National Aete i
i Catahiradde, M Auzust o L, BES

BT, Girpebine, “Coneentiation of Magnetie Tst in the Stratosphers” Tn “Meteer Orbits and Dust,”
ap. eit., pages gul=3d,
# Persounel communication with 3.C.E. P, participants.
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with the band-like dispersion resulting from the voleanie eruption of
Mt. Agung. The following conditions were noted:

1. Prior to the eruption, particle sampling by Junge showed 2 eoncentration
of 12 parts per billion,

2. 1969, several years after the eruption, Cadle et al measured 360 parts per
billion (5.8 X 1G5 grams/m?) %,

The point insertion of voleanic sction can, of course, cause vast
increases in stratospheric dust which may persist for several years.
Mt. Agung, for example, inserted lurge quantities of sulphates which
diffused around the earth in a steatospheric band located in the
tropical latitnde. The concentration of the Agune sulphates was great
enough to cause u detectable rise in stratospheric temperature along
the track of the dust. The amount of energy required to heat this dust
and all of the air containing it would be about 0.0005 of the solar
flux for each degree rise in temperature. Such an absorption of energy
was not great enough to cause measurable effcets at lower levels of the
atmosphere, nor on the surface, and none were noted.

In tﬁe Agung eruption, a quantity of particulate ruatter was ejected
into the stratosphere in concentration about comparable to that
aiven in the ‘“‘worst case” analysis developed by the SCEP study.
No significant climatic effects were detected. In fact, the National
Center for Atmospheric Research (NCAR) cites six veolcanie events in
recent time which injected enough muterial to cause a decline in world
temperature through reflection or absorption and re-rudiation of solar
energy.

YVoleanic dust has been held responsible for several more recent dips in world
temperature means, such as the noiable temperature deeline in 1787, 1816 [the
“yvear without a summer’’], 1837, 1884, 1803, and 1912,

But in all of these cases, the volume of materials ejected wus \'usrl_ﬂ
larger than that which would be relensed from any conceivable S50
fleet. For example, the greatest burden placed on the stratosphere in
recent times occurred at Krakatoa on August 27, 1883, The Krakatoa
eruption replaced an island containing 14 cubic mniles of rock with »
flat plain a mile across on the ocean floor lying bencath 1000 feet of
water, Dr. Melvin A. Cook, an suthority on explosives, compttes the
energy released by Krakatoa as equivalent to 5,000 megatons of
A ] B

The column of efflux left the earth’s surface at velocities exceeding
Mach 3. The resulting sonic boom was asudible 3,000 miles away,

The shock wave, detectable on barographs, traveled around the
earth, reflected from itself, and returned, repeating the eycle four times
before dissipating below the sensitivity of available instruments,

Estimates by Ernst Belirendt indicate that the efflux included a
cubic mile of sea water in the form of superheated vapor. Behrendt’s
account was published by the American Nature Association.*

Sightings at the time produced estimates of the altitude achicved
by the blast as 150,000 feet. Several cubic miles of materinls, rock,
Java, steam and water were pulverized and blended by shock waves and
heat, and brought night-time darkness to areas within a hundred mile
radius.

W 5 83 10-5 gramsm? based on welzht of air at 60,000 feet which is 120 gm/m3.

i NCAR Quarterly (February L, No. 220, page 12

# Melvin A Cook. “The Setenice of Hich Explosives.” (New York, Reinhold, American Chemicai Society
Monopraph Seriesy, 1658, page 1, 121 pages).

W Ernst Behrendt, *Earth's most awful blast”, Nature Magazine, v. 3% No. 3, March, 1946, pp. 121-124,
160,
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The residue circled the earth, giving the moon a green tint and
turning the setting sun blue, gray or green for the better part of a
year, Sunsets were noticeably more brilliant all over the world for
several vears.

Here again it would appear that several cubic miles of water, chem-
icals and solids, interacting with the sunlight for over a vear, as they
cycled out of the air, caused no noted or dramatic effects on long
term temperature cyeles, world weather, or life on earth due to ozone
disturbance.

In summary, particulates in the effluents of a fleet of S8Ts do not
approach the magnitude of routine natural insertions of particulates.
Effects on the earth’s climate, of even truly massive volcanic insertions .
(quantities that no conceivable number of SSTs could approach) i L
have been identified as being slight and transient. __'.‘

Summary of assessment of weather modification possibilities of the SST K =

Man’s technology has been shown to have many different possible .
effects on his environment. It is not possible to foresee all effects :
of any Innovation. Moreover, as basic scientific research accumulates
more knowledge and develops more sensitive measuring devices and .
techniques, new opportunities and dangers appear. This has been ;
increasingly the course with all envircnmental questions over the
past quarter-century. Skill in detection has disclosed the existence
of mercury in many previously unsuspected places. It has identified
the presence of pesticides in food chains. It has inspired development
of a new science of environmentsl or ecelogical chemistry for the
analysis of degradants. It has recognized the significance of both
acute impacts and long-time, low-level impacts. These undeniable and
Important contributions of mun’s ability to preserve and restore his
environment have also sensitized the scientific community and the
public at large to the many ways in which the environment can be
mmpaired. It is likely that this knowledge can do a disservice in the
possession of those anxious to prove an a priori case or prone to emo-
tional overrcaction. The possibility that an innovation may be harmful
I some specific way is not the same as the certainty. Science deals in
probabilities, and in the relative significance of variables, but not with
certainties.

With respect to the weather modification aspects of the S8T, it
might serve a useful purpose to consider how difficult it has boen for
man to achieve any positive results when he was trying to. Weather
modification is difficult, precisely because the mechanisms that de-
termine the weather and the climate are so funectionally positive and
on so large a scale. They have a built-in stability that s extremely
difficult to alter.

Evaluation of the possibility of unintended modification should
perhaps be examined by those technologists seeking to achieve pur-
poseful modification,

" 1t has not yet occurred, apparently, to those assessing the environ-
mental impucts of the SST to spectlate on the possibility that the -

combined effects of all ST effuents discharged along the airlanes ]
m the temperate zone could establish a permanent pattern of rainfall
elong these itineraries, Not that this is very probable, but it is ne
less so than some of the apprehensions that have been expressed,

One approach to the further assessment of the weather modifieation
potentialities of the SST might be to select that aspect of the atmos-
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phere that is most sensitive and at the same time most dynamie, for a
cearchine [unctional analysis. This is the air-water balance. It is
well established that internctions based on this balance coutrol moest
of the phenomena of the weather and elimate, It is ulso the conclusion
of those engaged in the studz of purposeful weather modifieztion that
the manipulation of the air-water balance offers the best hope of achiev-
ing messurable results with least expenditure of effort. The results
to date of this effort may not be promising, but they are the least
unhopeful. Therefore, examination of the potential S5T effects on
weather and climate in this context, possibly in synergistic relation-
ship to efforts ar purposeful modifieation, might help to put the issue
into clearer perspective. But as with all such issues, this one cannot
be completely disposed of. 1t is not possible to prove a negative—only
to indieate its order of probability. The present state of the knowledge
is that weather and climate effects of the SST thus far investigated
turny out to be unimportant.

VII. Osservarions axp CoNcLUSIONS

This chapter has reviewed the technologieal evolution of the com-
mereial aivhiner from the 19205 to the present day, to provide a basis
for the evaluation and assessment of the technology of the proposed
supersonic transport. In tracing this history, it beeame evident that
much of the carly technology of commereial aiveraft leaned heavily
on militaryv-sponsored developments, It was also apparvent that the
gonls of military developments were not necessarily compatible with
the requirements of competitive commereial vehicles.

The deviation in military versus eivilian requirements widened with
time, resulting in a lag of technology uscful to the eivil seetor. The
puce of development of eivil aeronauties became too slow to satisfy
vising domestic and international requirements.

The lng in civil development gave rise to an important issue:
whether or not the development of commereial aeronautics should
become a direct function of the Federal Government as distinet from
the traditional indireet support (funding military aeronautics and
waiting for the technology to diffuse into the civil sector). The long
time lag in the development of powerplants appropriste for com-
merica! jet airliners was cited as a cost of the failure to do this. The
long history of Federal participation in the encouragement of trans-
portation facilitics, domestic and international, suggests that this
function has proved acceptable in the past and warrants consideration
for the future.

Another issue is the national attitude toward technology itself.
A study by the National Academy of Sciences was cited to suggest
that in the future technology ean neither be turned loose to proceed
untrammeled, nor constrained by arbitrary measures to preserve the
status quo. Defoets in present-day technology are acknowledged. The
importance of sercening and assessing further innovations, the subjeet
of this entire study, appears to call for an intermediate, balanced
comproniise between these two extremes. It calls for systematic and
thorough examination to maximize the benefits of a technological
innovation, while detecting and correcting undesirable, second-order
consequences. Critielsms and assertions of technological imperfections
can be expected to be voiced throughout the development of any
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such large project; they need to be dealt with forthrightly and factually
as they appesr.
Review of economic aspects of the supersonic transport

Attention was foensed on the productivity of commercial aireraft
as the primary cousideration in the development of competitive trans-
port systetns. Produetivity is 2 {zctor of speed and carrying capacity,
while the requirements of maintenance and “down-time” are & nega-
tive fuetor. Historieally, each mujor inerement of innovation in design
that increased the positive fuctors or reduced the negative factors
provided impetus for growth and increased efficiency of the sirlines.
Up to shout 1968, these innovations had been frequent enough to
keep air {aves ubout constant in the face of a general inflation of the
£COTOTTLY .

Specifically, each generation of girliners achieved higher levels of
speed, and Jarger payloads; downtime was reduced by the improved
engineering of the reciprocating engine, and even more by the advent
of the turbojet engine. X

On the negative side, the trend toward lsrger pircraft mennt that
the airlines needed schedule changes to improve the load factor. The

. problem they encountered was that compeiing airlines running large 3
aiveraft found their planes operating at half-capacity. The immediate
abternative scemed to be to raise fares or reduee the number of fhghts.

The hvpothesis in support of the cconomic benefit of the 35T is 0

. essentially that size alone, with its associated problems of load factor, 3
will not accomplish the next evolationary step in productivity. An ;
aireraft of intermediate size, halfway between the capacity of the 707 3
and the giant 747, with three times the speed of these subsonie jets, e
is suggested as the way to fill this gap.

Since the constraint of avoiding sonic booms over lanid has been
accepted-—at least unless and until this euvironmental effect can be
shown to be negligible from an aireraft at 65,000 feet altitnde—the
primary gain in productivity will be for trans-oceanic flights. It is
clained that the S=7T retains its gains in productivity on such flights,
even if they originate in Chicago or perhaps St. Louis, and {ly sub-
sonicaily over land.

The international finaneial considerations of the SST center on the
compurative advantage of selling American-produced sireraft to
forcign-owned airlines versus buying foreign-produced aireraft for
use in American-owned airlines. Stated in simple terms, as a pure case,
the advantage for the United States appears to be u plus of some 320
billion by 1990 for the suceessful production of the Bocing ST, if the
market analyses ave reasonably valid. However, there remain a num-
ber of uneceriainties that cloud the picture. The recent rise of the inter-
national corporation, owned jointly by stockholders in many countries,
complicates the flow of value, Another uncertainty is as to the proba-
bility of cconomic success of either of the foreign SST projects. This
suecess is called into question by the fuct that the foreign 8STs are
smallor and slower than the Boeing version, even though they are

. . scheduled for earlier entry mto service, )

One critically important variable in marketing is airport accessi-
bility and congestion, Althoueh the problem is cgeneral to all com-
mereinl aiveraft, the congestion and surface access problems have

s g ® steadily grown worse with time. The 85T schedule calls for its intro-
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duction in eight years. With no change in airport accessibility trends,
the ST will be introduced at a time when the number of passengers
carried is no longer governed by market growth but has become fixed
due to system himitations.

Through the years, plans to relieve the bottleneck of air terminals
have made little progress. The nature of the problem requires that
planning be national (or at least interstate), but the implementation
requires State and local action. Historically, coordinate setion of
Federal-State-local jurisdietions lias proved difficult.

The more promising plans to relieve terminal congesiion propose to
make use of VTOL/STOL aircraft linking lurge terminals with smallerand
dispersed satellite terminals. This scheme provides directly for the
short-haul passenger, the largest single component of air passenger
service. By providing for peint-te-point travel for the short-haul
passenger, the proposed systen would alleviate the pressure of pas-
sengers and aircraft at the large terminals serving long-haul trans-
portation. If some arrangement of this kind is not inecrporated in the
U.S. air transportation system, the congestion at major airports will
jeopardize the marketability not only of the SST but of sll other
larger sirliners. i

The various issues of noise from the SST

The question of noise is, of course, an environmental issue. How-
ever, it differs in character from other environmental insults iu that
it is of brief duration and hence localized in relation to the aireraft
that generates it.

Noise from the 85T is of five types: (1) the sonie boom, generated
when the aircraft moves at supersonic speed at cruising altitude;
(2) the engine noise while the aireraft is motionless, taxiing into position
for take-off, or holding; (3) the side-line noise while the aircraft
is moving down the runway and taking off (up to one mile from the
end of the runway); (4) the departure noise, frormn one mile past the
end of the runway until it gains eruising altitude and reduces power to.
cruise level, and (5) the approach noise made as the aireraft approaches
the field to land.

The question of sonic boom has presumably been disposed of for
the time being by the assurance that the S5T will eruise sub-sonically
over populated land. This issue has raised considerable controversy
because of the experience of the US. population with military jets
flying supersonically at lower altitudes.

Engine noise on the ground before take-ofl does not appear to be a
significant factor, During this phase, engines of the SST can run as
quietly as those of any other aireraft. Ounly enough power is required
to move the aireraft slowly.

Engine noise while the amreraflt is moving down the runway, and up
to a mile beyend, or coming in for a landing, presents the principal
problem for designers of aireraft and engines of the SST. Without
acoustical correction the noise generated during these phases is ex-
cessive. However, the Boeing Company has offered assurances that
before the SST is certified, its noise level during these phases will be
brought within limits judged acceptable for new subsonic aireraft
(FAR 36). Similar assurances are oftered by the makers of Concorde
who say that the Concorde will comply with all pertinent noise regu-
lations extant at the time it appears on the market.
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These assurances, of course, do not completely dispose of the issue.
It remains to be seen whether the companies can make good on their
promise, or whether they will seek an exeeption or interim adjustment
at a later date. On the other hand, the point is made that airports are
often located in areas remote from urban centers, with much open land
around them. If the land is subsequently ocenupied by persons seeking
to take advantaze of convenience, economic opportunities, or sheer
rise in land values attributable to the airport, it is at least a reasonable
question as to whether they should not be expeeted to take the bitter
with the sweet.

Departure and approach noise is another guestion. It extends well
beyond the immedinte locality of the airport. Presumably, the same
assurances are offered by the aireraft and engive designers as to noise
reduction in this phase. The importance of this phase 1s that it affects a
larger arca, and is not associated with any of the advantages f land
ownership relative to take-off noise. Since engine efficiency 1s likely to
be impaired by innovations to reduce neise, particularly when retro-
fitted, there will be an inevitable trade-off between noise comfort and
engine efficiency. Determination of this point can be expeeted to be a
source of future controversy. However, the present evidence is that
the designers are taking quite seriously the public coneern over noiser
pollution, end are making strenuous efforts to alleviate it.

The micro-environinental issues of the SST

Apart from noise, two broad eategories of asserted environmental
effeets of the S5T have-come under considerstion. One set involves the
consequences of 1is operation as an added pollution-producing elenient
in the urban/suburban air environment. Public dissatisfaction with
deteriorating conditions of greasy residnes, corrosive chemicals,
particulate matter, smog, and other noxious gases, has been exucer-
bated by the prospect of effluent from the big, high-powered engines
of the SST. ) J

1t is incontravertible that turbojet aircraft, whether subsonic or
supersonic, add to air pollution around airports. It is not evident that
they contribute a significant fraction to the total pollution load in
and around cities, with the possible exception of infrequent, unintended
effects such as fuel dumping and badly adjusted engines. The eco-
nomics of aircraft management dictate that these should be avoided,

The questions to be resolved in the category of micro-environmental
effects relate to the local geographical, meteorological, and urbanized
circumstances rather than to the spacific aspect of SST effluent. It
is necessary in the local environment to consider such msatters as—

the nature of local air movement and its eapacity to diffuse
pollutants; :
the local tendency toward inversion layers in the atmosphere
- that obstruct upward diffusion of pollutants and smog;
the traffic density at airports; 5
the load of pollutants from other sources; and
the insulation of the airport and departure lanes from housing.

As a general proposition, it rests with the local metropolitan area
to insist upon u tolerable level of pollution of the air from all sources
including aircraft. Presumably, the designers of aireraft and engi-,
neers are mindful that failure to maintain progress toward cleaner
engine effluents would invite the risk of costly regulatory inhibitions
at airports prone to high levels of pollution,
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The macro-envirommental issues of the SST

The other category of asserted environmentual effects of the SST
encompasses global or climatie consequences. A long list of ques-
tions have been raised as to possible adverse second-order conse-
guences in this area. The distinction is made that the micro-effects
of the 38T contribute to other eflluents generated by man's technology,
while the macro-effects of the SST should be related to the pollutants
resulting from large-scale natural phenomena.

One assertion is that the big engines of the SST will contribute
db-p{‘npnlllmmlfl\‘ to the consumption of atmospheric oxygen. This
Issue 1s not impressive, however, in view of the faet that if all the
known organic matrer (coal, hgm[v, poetroleum, and standing timber,
for ex: meh ) were to be oxidized to ash, the reduction in atmospheric
oxyzen would be something like 3 percent. Moreover, there is some
reason to believe that one of the products of oxidation—the curbon
dioxide——when present in the atmosphere in inceressed percentage
stimulates the process of plant photosynthesis. The process consunies
CQ, and water (the produets of combustion) and generates oxygen.
How precisely 1]11'-: FEVErse process counterbalances the process of
oxveen depletion from combustion is not a critical problem in teras
of the oxygen supply for reasons stated above,

A related hypothesis is that the percentage of carbon dioxide m the
atimosphiere will be inercased by 55T eflluents to such an extent that
the absorption of the infra-red radiation from all ources by CO; would
cause a rise in the temperature of the troposphere (that part of the
atmosphere below about 40,000 feet altitude). However, this “grecn-
house effect” has not been confirmed in recont minor changes in
atmospheric CO, content. Morcover, there are other mechanisms at
work i the atmosphere that are much stronger i their effects than
is the eontent of CO, and minor changes in it.

Still another contention is that the particulate matter in the SST
effluent might reach so high o density as to enuble the stratosphere to
absorb enough solar radiation to cause the troposphere and the ground
beneath to cool. An examination of the quantity of particulate matter
that might be generated by the SST (a fleet of 500 on regularly
scheduled acr\'lrv) shows that it does indeed reach th(‘ ]]‘Il]}u“'\'-sl?(‘
figure of 209,000 tons of particles under a “worst case” assumption
before qmblhnlw (At that point, losses of particles would cequal
oains,) However, the earth’s daily intake of cosmic dust is estimated
to be much larger than this. Measurements of the fall of cosmic dust,
taken at different times and places, show quantities which vary Lhmu"h
three orders of magnitude, the smallest of which ix mueh larger than
the stabilized quantity from the SS'F fleet under o “\\'(}rst case”
assumption.

Another basis of comparison is the climatie effect of 1hr' very large
quaniities of partienlate matter injected into the stratosphere by major
voleanie eruptions in recent hitsory, Although these natural effluents
are many orders of magnitude larger than any conceivable accumula-
tion from an SST {leet, no significant climatie consequences appear
to have resulted from them. It might also be noted that the power of
dust to affect the solar flux (henee the climate) is minuscule as com-
pared with the reflectance of a cloud, and clouds cover about half
the carth’s surface at all times,
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By far the largest single component of SST effluent is water. A
number of possible consequences have been conjectured for this effect.
As with €O, the hypothesis is thet the abserption of solar radiation
by water vapor would warm the upper atmosphere, perhaps at the
expense of the lower atmosphere so as to cool 1t and also the earth’s
surfuce. An opposite effect resulting in possibly lethal heating of the
troposphere and ground is slzo conjectured to result from this same
source, Certainly it is true that the water balanee in the atmosphere
is the most significant element in determining temperature and climate,
1t is also the most variable. For this reason, muech of the effort in
weather maodification has centered on techniques to manipulate this
balunee. However, as far as the 8ST is concerned, the issue turns on
the degree of stability of the water content of the stratosphere: to
whut extent does the operation of an SST add significant and lasting
quantities of water to it?

Analysis of all apparent factors of SST water discharge suceests
that the quantity of water normally held in the stratosphere is very
low: normally on the order of 2 to 3 percent relative humidity. It is
for this reason that high-flying supersonie jets do not make contrails
in the stratosphere except on rare oceasions in the polar regions where
solar radintion is least significant as o factor of climate, Moreover, the
quantity of water emitted per mile by a supersonic aireraft would be
so small thut onee it underwent the diffusing action of air turbulence
caused by passage of the aireraft it would amount to only .0024 ounces
of vapor per square foot column of air, ;

The final gnestion ix: does this water vapor remain in the strato-
sphere, to be wdded to by cach successive passage ol other SSTs? On
the basis of the evidenee of what happens to the water vapor and
droplets injected into the stratosphere by thunderstorms (30019 of the
some 5,000 storms that occur duily around the earth inject some 75
mithion tons of water into the stratosphere) it appears that the water
content of the stratosphere stabilizes at a low level with surplus rejected
downward. Over the pust few years, the average water content of the
stratosphere has visen by 5097 (from 2 ppimn to 3 ppm). This increase
ix from 5 1o 10 times as great as the maximum possible from a fleet of
S3Ts. The erease from natural eauses has produced no detectable
effects on climate or radiation. What has caused this change in water
vapor conient n the stratosphere is not known, Oue possibility is that
the eontent of water in the stratosphere fluctuates sbove and below
some veey low fivuee, Another posability is that the observed increase
can be necornted for by errors in measarement. It would be desirable
that periodic measueeients of this variable (if it is a variable) be
made so that il any sigoificant trend ean be established, it ean be
praperty analyzed and interpreted,

Recapitnlation

Ultimately, the issues of the S8, as with all assessments of tech-
nology, depend wpon political attitudes nid values rather than on the
techniczl Issues of the innovaiion itself. How ifmaportant is air trans-
portuiion for the national welfure? How important is the encourage-

1 The fre of 500 wus seleated as an arbitrary Lt sonservative nitmber for lustrative purposes. [t repre-
seits about 160 of the esthnated towad of the daity sturins eapable of penetrating the sizatosphere,
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ment of the export of high technology for the national economy of the
United States? How significant is technological achievement in the
civil sector for U.S. international influence? To what extent is public
disenchantment with technological inuovation s factor in the decision?

There are many uncertainties: as to the verity of the competition
from foreign SST developments; as to whether the Boeing 55T will
produce the economic guins claimed for it; as to the extent of engineering
risk this vehicle represents; and as to whether it can stond alone, with-
out other supporting elements of a complete sysiem of air transpor-
tation. Many of the defects of present air transportation have nothing
to do with air speed or vehicle productivity; the ground sector, for
one example, is generully conceded to have been neglected.

The environmental aspects of the SST, and especially the global
aspects, have received the bulk of attention of crities Yet, upon
analysis, most of these postulated effects are found to be minor. Of
course, some environmentsl uncertainties remain, As to these uncer-
tainties, it has been pointed out several times, earlier in this study,
that it is rarely if ever possible to prove a negative.

But the greater number of uncertainties appear to lie in the field of
economics. It is likely that these can be resolved only by actual ex-
perience with the preduct in use. Much hinges on the quelity of en-
gineering management in the development of the vehicle, and the
system of which it is conceived as a component. Much hinges also
upon the quulity of management of the airline service and its com-
petition. Of course, theso are general considerations and are therefors

1mponderables beyond the scope of the present study.
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