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multilevel storage of containers where vertical
space is not a restriction (see fig. 6). Container
weight reduces the useful payload of the aircraft,
however, and there is a tradeoff between con-
tainer strength—needed for stacking—and the
extra weight required to achieve stacking
strength.

Degree of Mechanization

In the late 1980’s, if growth rates of the past
decade continue, some airport terminals can be

Figure 6.— High Mechanization

expected to have implemented even more ad-
vanced systems capable of handling larger and
heavier containers than the 3- and 6-meter con-
tainers preferred now. Figure 7 illustrates a
system which could increase the throughput of
containers nearly 20 times over today’s level.

Cargo volume is the major determinant of
cargo terminal cost. As volume increases it is
easier to justify systems that can dramatically
reduce cost as well as provide faster and surer
service.

Elevating Transfer Vehicle (ETV)

SOURCE McDonnell Douglas Corp , Douglas Aircraft Co., Cargo Logistics Airlift System Study (CLASS), Volume ///, prepared by R. D. Burby and W. H Kuhlman, under
NASA contract No 1-14948 (Hampton, Va : Langley Research Center, National Aeronautics and Space Administration, October 1978), p 185.



At each stage, mechanization must be de-
signed carefully to minimize breakdowns and to
allow the rest of the system to continue to
operate in case of a breakdown in one compo-
nent. Backup systems are also highly desirable.
As the TWA case showed, it is possible to install
systems too advanced for conditions, for- vol-
ume requirements, or for the technological state
of the art.

An example of a very successful high volume
operation that uses little in the way of mech-
anization other than conveyor belts is that of the
Federal Express Corp., which specializes in pro-
viding overnight service for small parcels. 7 It has
over 1,000 radio-dispatched trucks that collect

—.
‘Yupo Chan,  and Ronny J. Ponder, “The Small Package Air

Freight Industry in the United States: A Review of the Federal Ex-
press Experience, ” Trumportatlo)l  Reseurc/],  September 1979, pp.
221-229.

packages on call throughout the’ day. Alter the
close of business, the parcels are brought to the
airport stations and flown to Memphis is, Term.
At Memphis there is a quarter-mile long sorting
facility with a conveyor system capable of han-
dling 130,000 parcels per night. This will expand
to 150,000 per night by December 1981. The
contents of arriving planes are unloaded into
bins that are placed in a series of conveyor belts
and sorted by destination. Containers are direct-
ly offloaded or onloaded but their contents may
be hand sorted.

When the parcels are sorted, the outbound
shipments are weighed, and the aircraft are
loaded and dispatched. This entire process takes
about 6 hours from the time the first airplane ar-
rives until the last departs. More importantly,
the time from the arrival of the last airplane to
the departure of the first is only 1/1 2 hours. Fed-
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eral Express now claims to achieve better than a
99 percent overnight delivery service rate for the
small high-priority parcels that comprise the
bulk of its cargo. Although Federal Express is
now introducing a higher level of mechaniza-
tion, this operation serves as a reminder that
mechanization is not an end in itself, but merely
one way to get a job done.

Degree of Containerization
Virtually all highly mechanized systems de-

pend on containerization. Several methods of
assuring a high level of containerization have
been proposed including cost and service incen-
tives to shippers and forwarders that contain-
erize, thus passing on some of the savings from
the mechanized system. Shippers who do not
containerize could use a forwarder who does.
The air carrier can also containerize bulk cargo.
Although there is a cost to containerize, it is gen-
erally small compared to the savings in han-
dling.

Table 2 contains estimates from a NASA
study of the cargo handling cost per pallet or
container under varying conditions of storage
and handling. This analysis assumes that each
system operates at capacity. It can be seen that
cutting storage time in half for imports could
save nearly 20 percent. Maintaining the shorter
storage time while going from the current 40 per-
cent average containerization rate to 70 percent
would save an additional 16 percent; going to
100 percent containerization would save over 33
percent with no change in system. Using the

Table 2.—Relative Cost Per Unit Loading Devicea

Under Varying Conditions

Degree of International Type of cargo
container- import storage handling Relative

ization time system cost

40 ”/0 3 day Current 100 0/0
40 ”/0 1.5 day Current 81 .60/0
70 ”/0 1.5 day Current 75.30/0

100 ”/0 3 day Current 67.70/o
100 ”/0 1.5 day Current 57.7 “/0
100 ”/0 1.5 day Single level ETV 59.90/0
100 ”/0 1.5 day Double level ETV 38.50/o
1000/0 1.5 day Triple level ETV 28.40/o

ae.g.  Pallet or container

SOURCE McDonnell Douglas Corp , Douglas Aircraft Co. Cargo Logistics Air-
lift Systems Study (CLASS), Volume ///, prepared by R D Burby and
W H Kuhlman, under NASA contract No NAS1.14948 (Hampton, Va.
Langley Research Center, National Aeronautics and Space Adminis-
tration, October 1978) P 222

single level ETV system saves nothing in unit
cost, but the double and triple level ETV systems
save roughly 20 percent and 30 percent, respec-
tively.

With 90 percent off-airport containerization,
these terminal improvements could reduce in-
direct operating costs by as much as 30 percent,
with a resulting potential overall system rate
reduction of up to 11 percent per air cargo ship-
ment. 8

Flexibility to adjust the size of the containers
appears desirable. Currently containers of gen-
eral cargo air freight are on the average only 54
percent full. g This reduces the efficiency of both
the containers and the cargo aircraft themselves,
which frequently “cube out” rather than “weigh
out” — i. e., the available space in the aircraft is
filled before its weight limit is reached. Use of
containers of excessive size tends to exacerbate
this situation, A modular container system has
been proposed to minimize this problem. The
system consists of a standard 8 by 8 by 20 feet
intermodal container but made up of modules of
40 by 48 by 48 inches, which could be connected
together to form the standard container or some
container of intermediate size (see fig. 8). The
design also allows complete disassembly for
empty return. Boeing is also designing a version
of this same concept.

Computerization
As the degree of mechanization increases, the

degree of computerization is likely to increase as
well. The basic functions of a computerized sys-
tem are to generate the necessary documents, in-
cluding intermodal waybills, to keep track of the
shipments, and to trace lost shipments. How-
ever, many other management functions—such
as billing and settlement, cargo space allocation,
cargo scheduling and counting, and market-
ing—can be aided by manipulation of the basic
data. Many carriers are already operating so-
phisticated c o m p u t e r i zed documentation
sys tems.  0

—
‘Allen H. Whitehead, and William H. Kuhlman, “Demand for

Large Freighter Aircraft as Projected by the NASA Cargo / Logis-
tics Airlift System Study,” NASA Technical Memorandum 80074
(Hampton, Va.: Langley Research Center, National Aeronautics
and Space Administration, April 1979), fig. 3.

‘Taneja, op. cit., p. 212.
10Douglas, CLASS, Volume 111, pp. 188-189; Lockheed, CLASS,

Volume 1, pp. 1-93.
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Figure 8.— Modular Intermodal Container Concept Modcon Array and Adapter

SOURCE J L Weingarten, Closing the Air Transport Gap on Intermodal Containers, Publication 73-1 CT-30
(New York American Society of Mechanical Engineers, May 1973), p.6

PICKUP AND

Because virtually every air shipment begins
and ends as a truck movement, it is necessary to
improve the interface between truck and the ter-
minal. Although intermodal containers designed
to be used by both airplanes and trucks involve
some weight penalties, the productivity im-
provement resulting from using containers is
substantial. A study done in Europe found that
labor productivity increased from 421 lb per
man-hour for handling loose freight to 2,205 lb
per man-hour for handling pallets or containers
specifically designed for aircraft, an increase of
423 percent. Productivity increased to 4,778 lb
per man-hour when intermodal containers were
used, an additional increase of 117 percent. 11

According to a Lockheed-Georgia study, the
pickup and delivery (PUD) cost for shipment
sizes less than 1,000 lb, using conventional

‘‘Taneja, op. cit., p, 212

DELlVERY

methods, averaged over the 20 largest U.S.
cities, is $3.35/100 lb at each end of the move-
ment. This amounts to $134/ton, which when
added to the computed average airport-to-air-
port cost of $175/ton yields a total of $309/ton.
The use of an advanced technology aircraft and
intermodal containers reduces the PUD cost to
$86 and the airport-to-airport cost to $122, for a
total cost of $208/ton. If a truckload-sized con-
tainer is used, the costs reduce to $25/ton PUD,
$7/ton container cost, and $122/ton airport-to-
airport cost, for a total of $154/ton total. Thus
total costs might be halved with advanced, inter-
modal truckload containers. 12

‘2Lockheed-Georgia Co., (-tlr<qo LCl<qI+tJ~->  ,4 It IJII .Su.t[,~~I~ stIi~iu
((-1 ASS) lr[III//~I~T  1 prepared  b}~ 1, M, Norman, R. ]). FIertder-
w)n, F. C, Mamy,  and R. P, Tuttle, under N A S A  contract  N(~.
NAS1-1467  (Hamptc~n,  Va.: Lang]e>  Rewarch Center ,  Nati(~nial
Aeronautics and Space Admini+trationf November 1Q78),  pp. S-S3
to 5-55,
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AIR CARGO OPERATING RESTRICTIONS

With passage of air cargo deregulation in
1977, most of the controls governing the air side
of domestic freight movements were lifted, in-
cluding tariff controls, market entry restrictions,
and limitations on the payload of aircraft flown
by the express package delivery carriers.

Not until passage of the Motor Carrier Act of
1980, however, were air cargo carriers and for-
warders allowed the unrestricted right to per-
form their own pickup and delivery services. In
the past, they were only allowed to operate their
trucks for collection and distribution within 35
miles of the airport. As a direct consequence of
this restriction, air cargo carriers were forced to
use air links in short hauls where trucks would
have been more efficient. Air carrier-owned
trucks are now allowed to operate anywhere, as
long as the movement of goods on the ground is

incidental to their shipment by air. Several air
carriers are already taking advantage of this new
intermodal flexibility to provide the shipper
single carrier integrated service.

Air cargo carriers continue to be adversely af-
fected by airport curfews and other operating re-
strictions imposed by some airports in this coun-
try and by governments abroad. However, the
only Federal regulations of major consequence
still in place following air cargo deregulation
concerned aircraft safety and noise standards,
both promulgated by the Federal Aviation Ad-
ministration (FAA). While regulation of aircraft
safety is a widely accepted practice, aircraft
noise standards have been far more controver-
sial. As discussed below, these noise standards
have led to major, costly changes in the air cargo
fleet.

FEDERAL NOISE REGULATION

At the Federal level, the Environmental Pro-
tection Agency (EPA) is responsible for develop-
ing transportation noise programs. EPA recom-
mends noise standards to the FAA, which can
either adopt them or develop its own. In 1969,
the FAA promulgated part 36 of the Federal Avi-
ation Regulations (FAR 36), stating Federal air-
craft noise regulations. These regulations
originally set noise limits for newly designed
civil turbojet aircraft over 75, OOO lb which first
went into production after 1969 (these included
the DC-10, L 1011, B-747-200, and A-300,
among others). In 1973, the FAA extended FAR
36 to include new production units of older air-
craft such as the 707, 727, 737, DC-8, DC-9, and
most business jets.

In December 1976, the FAA promulgated FAR
91 which required virtually the whole fleet of
jets over 75, OOO lb (including previously exempt
aircraft) to meet FAR 36 noise standards by
1985. Airlines were given the option of retrofit-

ting their noncomplying aircraft with sound-
absorbing materials, replacing the engines, or
replacing the aircraft.

Amendments to FAR 36 in March 1977 and
April 1978 require that the next generation of
aircraft meet more stringent noise standards
(stage 3 noise limits). These new standards are
not presently retroactive to the types of aircraft
already certificated.

Aircraft noise regulations are controversial,
because the measurement of actual noise impacts
is highly subjective and because the cost of com-
pliance will be high. The airlines do not want to
spend an estimated $4OO million to retrofit and
reengine the 1,600 noncomplying aircraft now in
service in order to meet the 1985 deadline. They
would prefer to gradually replace these with
new-technology aircraft that would not only be

“’Airlines Face Huge Bills for Controlling Noise, Pollution, ” Air
Transport World, July 1978, p. 16.
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quieter, but would also be more fuel efficient
and would comply with pollutant emissions
standards. Because an airplane’s operating
lifetime is at least 10 to 15 years, and in some
cases up to 30 years, most of the noncomplying
aircraft would not be subject to normal replace-
ment before the 1985 deadline. In fact, some
observers estimate that if it were not for the pro-
visions of FAR 36 standards, 60 percent of the
present noncomplying fleet could still be in
operation in 1990. The costs for accelerated
replacement of these aircraft
mated as high as $8 billion.2

There have been attempts
delay the existing compliance
——- —-—

‘Ibid.

have been esti-

in Congress to
deadline and to

prevent the FAA from imposing more stringent
noise standards. These have been offset by a
strong DOT stance favoring current noise rules.
The final noise control bill,3 however, was a
compromise. For example, it requires that all
four-engine aircraft comply with FAA FAR 36,
but it allows operations of noncomplying two-
engine jets for an additional year if a contract for
a stage 3 replacement has been signed by
January 1, 1983. At least one major carrier has
indicated it may discontinue its all-cargo service
rather than undertake the expense of retrofitting
its existing fleet or purchasing new aircraft.

3Aviation Safety and Aircraft Noise Abatement Act of 1979,
Public Law 96-193.

AIRPORT OPERATING RESTRICTIONS

Airport operators, under the FAA’s “Aviation
Noise Abatement Policy,14 have a responsibility
to help manage noise through proper location
and design of airports, cooperation with local
authorities to insure that surrounding land is
reserved for compatible uses, and construction
of noise-reducing barriers.

In various locations, flight operation pro-
cedures have been modified to reduce noise.
Some airports impose limits on ground opera-
tions, for example designating permissible areas
and times for engine runups of jet planes.
Another alternative is to require minimum alti-
tudes or use of stepped approaches and steep
climbouts. Another strategy is to prescribe pre-
ferred runways and approach paths which will
minimize the impacts

“’Aviation Noise Abatement
Department of Transportation,

of noise on populated

Policy” (Washingtonr D. C.: U.S.
Office of the Secretary, 1976).

areas, or rotational runway programs which dis-
perse the noise equally over several populated
areas,

A substantial number of airports throughout
the world have imposed some kind of restric-
tions on airport operations in order to reduce
noise. As can be seen in table 3, of the 1 4 0
respondents to a survey by the Airport Oper-
ators’ Council International, 85 reported having
some sort of noise abatement program.

Table 3.—Airport Operating Restrictions, 1979

Total Number with
airports noise abatement

Type of airport responding programs

Large U.S. hubs . . . . . . . . . 24 15
All other U.S. airports ., . . 76 35
Large foreign hubs . . . . . . 40 35

SOURCE: Report on Aircraft Noise Reduction Operating Procedures (Washing-
ton, D. C.: Airport Operators Council International, 1979).

NIGHT CURFEWS

The most drastic airport operating restriction noise is considered more annoying during these
is prohibiting the operation of jet aircraft during quiet hours. Thus, at first glance, a night curfew
certain hours of the night. Although an aircraft seems a logical way to greatly improve the noise
is no noisier at night than it is during the day, the environment around an airport. Only three U.S.
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airports in the top 25 by air cargo tonnage have
imposed curfews: Minneapolis/St. Paul (Num-
ber 18), Washington National (Number 21), and
Baltimore-Washington International (Number
23). Internationally, 15 major airports have
curfews.

The right of a U.S. community to curfew air
operations has often been contested in the
courts, Although some local ordinances con-
trolling aircraft have been upheld, many have
been declared unconstitutional because they
posed a threat to interstate commerce and in-
fringed on the Federal Government’s ability to
regulate the airways. Many of the existing cur-
fews are, in fact, voluntary agreements between
the airport authority and the carriers, arrived at
in an effort to avoid litigation or bad publicity.

Night curfews actually disrupt only a small
amount of an airport’s total daily activity—from
5 to 10 percent of takeoffs and landings for most
airports (Honolulu is exceptional in that 16 to 24
percent of its traffic is during late night hours).5

However, in the case of air cargo, night curfews
are of particular concern because so much cargo
is moved at night; the hours of 11 p.m. and 6
a.m. are often referred to as “prime-time lift. ”
About 41 percent of San Francisco’s all-cargo
operations take place between 10 p.m. and 6
a.m.’ At JFK and Newark Airports in 1977, 35
percent of all freight moved between 10 p.m.
and 7 a.m.; 94 percent of this was on all-cargo
flights. ’

Many shippers have come to depend on night-
time air cargo service for movement of high-
value or perishable goods. Shippers tender
goods to the forwarder or carrier toward the
close of the business day so that they can be
shipped at night and be available at their
destination in time for the next day’s market.
From the shipper’s point of view, the later the
plane departs, the better. A study by the

‘Douglas A. Fisher, An Analysis of Airport Curfews and Their
impact on Airline and Air Cargo Operations, dissertation, Grad-
uate School of Business, Indiana University, 1977, p. 1.

6Ibid.
‘John E. Wesler, “Keynote Speech,” in Raymond A. Ausrotas

and Nawald K. Taneja (eds. ), Air Freight; The Problems of Air-
port Restrictions, FTL report No. R79-1 (Cambridge, Mass: Flight
Transportation Laboratory, Massachusetts Institute of Tech-
nology, 1979), p. 42.

Massachusetts Port Authority found that the
later night flights were more economically suc-
cessful than earlier ones. An experiment to in-
duce shippers to use earlier flights by offering
them lower rates was not successful.8

An airport curfew could result in delays of 12
to 36 hours for some of these perishable or high-
value goods. Shipments arriving at the airport
after curfew would be held overnight and sent
off the next morning. In many cases they would
arrive too late for that day’s market and would
remain in storage until the following morning.
Such a delay would eliminate air express services
almost totally, and severely cut the demand for
air movements of produce, such as cut flowers,
which are not refrigerated when sent by air. The
U.S. Government is a major user of nighttime
air cargo service with about 60 percent of inter-
city mail planned for overnight delivery by air. 9

A study for the Massachusetts Port Authority
found that even with optimum rescheduling, 6
to 8 percent of the mail handled in Boston would
be subject to delays if an 11 p.m. to 7 a.m.
curfew were imposed. 10

Curfews at a major airport could have a
significant effect because of the highly concen-
trated nature of the air freight industry. Only 23
U.S. cities have daily scheduled freighter service
(not counting express service), and of these, five
major airports handled more than half of the
total cargo tons. 11 Closing even one major air-
port at night would greatly affect the others. For
example a 10 p.m. to 7 a.m. curfew in New York
would impose an unintentional 2:30 p.m. to
10:30 p.m. curfew on takeoffs of New York-
bound aircraft in Los Angeles. In international
travel, because of the Hong Kong and Tokyo
curfews, around the world flight beginning in
New York takes 45 hours. A curfew added at
one other stop—say Karachi or Delhi—adds 21
more hours to the trip. 12 Although the latter ex-

——
‘Fisher, op. cit., p. 113.
‘U.S. Postal Service, Air Transportation Division, telephone in-

terview, Jan. 14, 1980.
IOGuy Goodman, PotentiaJ Effects of Curfews on Scheduling

and Delays, SAE Technical Paper Series No. 780545 (Warrendale,
Pa.: Society of Automotive Engineers, 1978), p. 6.

‘ ‘Air Cargo Statistics, U S. Scheduled Airlines, Total Industry,
1978 (Washington, D. C.: Air Transport Association, 1978), p. 2.

“Goodman, op. cit., p. 6.
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ample is a passenger flight, the effect on cargo
flights, which tend to originate or end at night,
would be more severe.

Economic Impacts of Curfews

Night curfews can have adverse economic im-
pacts on shippers, freight forwarders, airlines,
the airport itself, and the local economy. Table 4
summarizes estimated impacts for 1975 when an
11 p.m. to 7 a . m . curfew was proposed for
Boston’s Logan Field. As can be seen in the table,
shippers would pay up to an additional $23 mil-
lion annually due to increased transportation
and warehousing costs.

The types of shippers most affected by the
curfew would be those specializing in perishable
or high-value goods. Some firms have central-
ized their manufacturing and warehousing facili-
ties near a good airport and rely on air freight to
make overnight delivery of their products to
customers or branch offices throughout the
country. Delays resulting from curfews would
cause severe disruption in these distribution pat-
terns, and might make it difficult for these firms
to remain competitive with regional firms whose
factories are located close to retail markets.

Freight forwarding companies, which account
for over 40 percent of domestic air freight reve-
nues, make extensive use of night flights. Emery
Air Freight, the largest forwarder in the busi-

ness, moves almost two-thirds of its traffic be-
tween 11 p.m. and 3 a.m. Many consider over-
night delivery to be a key selling point of air
freight forwarder’s service. 3

Boeing has estimated that in a “typical” in-
dustrial city like Philadelphia, Cleveland, or
Minneapolis-St. Paul about 17 percent of air
freight is curfew sensitive and that 10 percent of
curfew-sensitive cargo would be lost totally if a
curfew were imposed; that is, the goods would
not be manufactured because they could not be
distributed at a reasonable price. Assuming traf-
fic of 50,000 tons of air cargo per year at a value
of $10/lb, this could mean a total of $17 million
in goods might not be made or sold because of
the curfew. 14

The elimination of airport activity at night
would result in a loss of jobs in the airlines,
freight forwarders, and the various airport con-
cessions. According to a study by Guy Good-
man, an estimated 1,114 jobs would be lost in
Boston as a direct result of curfew, as shown in
table 4.

In addition to these direct effects, indirect
costs and multiplier effects are anticipated. The
Boeing study, using a regional multiplier of 1.8,

‘3 Fisher, op. cit., p. 121.
“Raymond A. Ausrotas, and Nawal K. Taneja (eds. ), Air-

Freight: The Problems of Airport Restrictions, FTL report No.
R79-1 (Cambridge, Mass: Flight Transportation Laboratory,
Massachusetts Institute of Technology, 1979), pp. 32-35.

Table 4.—Annual Direct Efforts on the New England Economy
of an 11 p.m. to 7 a.m. Curfew at Boston, Mass.

With minimum With schedules
reschedul ing reoptimized

Shippers
Transportation, freight penalty (000) . . . . . . . $20,100 $18,600
Increased warehousing (000). . . . . . . . . . . . . . $2,930 $2,620
Transferred warehouse jobs . . . . . . . . . . . . . . 440 280

Airlines
Job loss . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 468 244
Payroll loss (000). . . . . . . . . . . . . . . . . . . . . . $8,882 $4,687

Freight forwarders
Job loss . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125 53
Payroll loss (000). . . . . . . . . . . . . . . . . . . . . . . . $1,584 $672

Concessionaires
Job loss . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Payroll loss (000). . . . . . . . . . . . . . . . . . . . . $589 $336

Passengers
Increased fares (000) . . . . . . . . . . . . . . . . . . . . $1,966 $1,966

SOURCE Guy Goodman, Potential Effects of Curfews on Scheduling and Delays, Technical paper series no 78045 (Warren-
dale. Pa Society of Automotive Engineers. 1978), P 6
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estimated that $30.6 million worth of business
would fail to be generated in the “typical” city
because of a curfew.15 The Massachusetts study
estimated that $373 million in lost sales potential
and 13,058 jobs would ultimately be lost in New
England in the event of an 8-hour curfew. 16

Benefits of Curfews

Little research has been done on the benefits of
curfews for people living near airports. Studies
of noise annoyance have found that interference
with listening and speaking is the most annoying
aspect of aircraft noise, while interference with
sleep and rest is second. It is generally assumed
that this annoyance would be greater at night
when ambient noise levels are lower and aircraft
noise is more noticeable.

On April 29, 1973, landing patterns at Los
Angeles International Airport were reversed be-
tween 11 p.m. and 6 a.m. so that planes ap-
proached over Santa Monica Bay rather than
over populated areas to the east. This procedure
was followed for a year before further modifica-
tions were made. The change reduced noise ex-
posure east of the airport by about 50 flights per
night out of an average 657 landings per 24-hour
day. Surveys were conducted in the high and
moderate noise exposure zones immediately
before, immediately after, and about one month
after the change in operations. 17 Before the
change, 92 percent of the respondents in the
high-exposure area reported some annoyance
with aircraft noise: 90 percent of these said it in-
terfered with listening to radio, TV, or hi-fi and
20 percent said it interfered with their sleep.

Although the objectively measured change in
noise exposure seemed large—averaging around
50 dB(A) at night as compared to around 70
dB(A) before the change—little or no consistent
change in response was found in the Los Angeles
interviews. In the medium-exposure area, there
were slight decreases in reported annoyance
levels. In the high-exposure area, the number of
persons claiming that aircraft noise interfered
— .

“Ibid.
“Goodman, op. cit., p. 6.
1‘All survey results reported in S. Fidell and G. Jones, “Effects of

Cessation of Late-Night Flights on an Airport Community, ” )o~(r-

tIa~  of SouHd a)~d  VI bmtI(>)I VO] 42, 1975, pp. 411-427.

with their sleep actually went up. The third
round of interviews, conducted between a
month and 6 weeks after the change, showed
no significant changes compared with the first
round. Overall, almost 56 percent of respond-
ents replied they had not noticed a change in the
number of flights; 20 percent noticed fewer; and
20 percent said they noticed more. Many of
those who reported noticing fewer flights were
aware of the new flight restrictions from
newspapers or other sources.

The perceived benefit of reduced noise levels
in this experiment was minimal. However, the
temporary discontinuation of all nighttime
flights at airports in Hong Kong and San Diego
to permit runway resurfacing was so popular
with the public that they were turned into per-
manent curfews when the airports attempted to
resume around-the-clock operations after the
work was completed.

The Federal Role

The FAA has the responsibility for regulating
noise levels at their source—the aircraft them-
selves. The local authorities at a particular air-
port have the responsibility for controlling the
noise levels at their airport.

The appropriate Federal role in the curfew
issue is not clearly defined. On the one hand, the
issue appears to be a local one—a conflict be-
tween local home owners and their airport. On
the other hand, if local citizens are able to estab-
lish night curfews in one or more major air
freight cities, they could essentially shut down
night cargo flights and create a massive change
in modal choices.

In 1977 the Air Transport Association of
America (ATA) petitioned the FAA to adopt
regulations governing airport noise abatement
plans. Essentially, the ATA petition called on
the FAA to utilize the provisions of the Federal
Aviation Act of 1958, as amended, to disap-
prove local noise abatement rules related to air
transportation, which were claimed to be:

1. inconsistent with the highest degree of safe-
ty in air commerce and air transportation;

2. inconsistent with the efficient utilization of
navigable airspace;
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3.

4.

5.

unduly burdensome to interstate or foreign
commerce or unduly interfering with the
national transportation system;
unjustly discriminatory. For example, a
ban on jet aircraft only would be discrim-
inatory, since some jets are quieter than
some propeller aircraft; and
in conflict with the Federal Aviation Ad-
ministration’s statutory regulatory author-
ity. 18

The FAA has not taken the actions suggested
by ATA, but it has challenged proposed airport
plans through advisory opinions and statements
in local public hearings. The FAA contends that
the field of airport noise abatement has not been
totally preempted, and that the Federal Govern-
ment shares responsibility to some degree with
State and local authorities. How these various
responsibilities
unresolved.

Operating

will be sorted out is still

Restrictions Overseas
The airport curfew is only one of several types

of operating restrictions imposed on U.S. car-
——

“Clifton F. Von Kann, “Keynote Speech, ” in Ausrotas and
Taneja, Air Flight; The Problems, p. 52,

riers by foreign governments. Some of the re-
strictions are regarded by U.S. carriers as clear-
cut attempts by foreign countries to inhibit com-
petition with their own national airlines. For ex-
ample, U.S. carriers report that one European
country, which owned no 747 freighters, refused
landing rights to foreign 747 freighters until an
arrangement was worked out to lease them a 747
for part of the week. Another European nation
insisted that an airline could only provide
pickup and delivery service in towns where it
also offered passenger service. Since the local
carrier served many more cities than the U.S.
carrier, competition for cargo business was
decidedly one-sided. In this particular instance,
the problem was overcome with U.S. Govern-
ment assistance. In another example, one Asian
country requires elaborate cargo clearance pro-
cedures for foreign carriers only that are both
costly and time-consuming. In another instance,
the national carrier is allotted prime terminal
space and is the only carrier allowed full control
of its freight from terminal to warehouse. These
constraints seriously jeopardize the economic
viability of U.S. carriers in international service.
Continuing U.S. Government efforts appear
needed in order to address such restrictions.
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LIGHTER-THAN-AIR VEHICLES’

Lighter-than-air vehicles (LTAs), or airships,
were very active from the first years of this cen-
tury until about 1960. During World War I, each
side operated about 100 airships. They ranged
from the smaller (100,000 f t3) non-rigids to
larger (2.5 million ft3) rigids. In 1933, the Good
year Zeppelin Corp. completed two rigid air-
ships, Akron and Macon, for the U.S. Navy;
these were the largest airships built to that date,
and two of the largest airships ever built.2 Four
.

‘We wish to thank D. E. Williams of Goodyear Aerospace
Corp. for his assistance in the preparation of this chapter.

2Goodyea  r Aerospace Corp., Feasibility Stz/d.w  [)~ Modcr/~  Air-
~lli~~s, L’(11 /// Hlstoric[?llv Ovcn~ieu] (Task I), p r e p a r e d  by

Gerald Faurote,  NASA report No. CR-137692 (Moffett  Field,
Calif.:  Ames Research Center, National Aeronautics and Space
Administration, August  1975), pp. 2-3,

of the largest non-rigid airships ever built (ZPG-
3W) were completed in 1960 also by Goodyear.

Rigid airships are built of a lightweight rigid
structure with an outer fabric of treated cloth.
The lifting gas is contained in several indepen
dent gas-tight cells. In contrast, the non-rigid
airship consists merely of an envelope (hull)
typically of a coated fabric filled with a lifting
gas and pressured slightly above that of the out-
side atmosphere. Several air compartments
within the hull are used to maintain a constant
pressure and provide
and out as needed.3

ballast by ducting air in

31bid,, pp. 4-8.

LONG RANGE AIRSHIPS4

Both rigid and non-rigid airships have been
used extensively as long endurance/long-range
platforms to carry payloads which are essential-
ly fixed (constant weight). Due to the difficulty
in managing excess buoyancy, applications with
widely varying payload weights, such as cargo
transport, were not pursued; passenger service
was considered more suitable. In addition, lim-
ited ability to exercise control at low speed com-
plicated ground handling and made terminal op-
erations cumbersome.

The rigid airship declined in popularity after
the Hindenburg disaster in 1937. No doubt the
disaster itself had an effect, but there were more
fundamental causes at work. In the 1930’s, the
airplane surpassed the airship in speed, produc-
tivity, operating cost, and even safety. In 1937,
the most advanced passenger airplane, the
DC-3, had double the cruising speed of the most
advanced airship, the Hindenburg; the DC-3

‘This discussion is based on Mark D. Ardema, “Economics o f
Modern Long-Haul Cargo Airships, ” paper presented at Lighter-
Than-Air Systems Conference, Aug. 11-12, 1977, AIAA paper No.
77-1192

also had total operating costs per seat-mile be-
tween one-half and one-third those of the Hin-
denburg. Thus, although the Hindenburg dis-
aster and the approach of World War II has-
tened the end of even the commercial passenger
carrying airship operations, it is clear that the
fundamental cause was the growing inability of
the airship to compete economically with the
airplane.

The economic nonviability of the long-haul
airship can be better understood by noting the
standard computation of a vehicle’s productiv-
ity: payload by speed. The airplane came to far
surpass the airship’s speed; the present-day ratio
is roughly four to one for a wide-bodied jet ver-
sus an airship. This means that a jet with the
same payload as an airship can transport several
times as much freight in the same time as the air-
ship (although less than fourfold because of the
terminal time at each end).

The productivity difference is reflected in
direct operating costs. Direct operating costs per
available ton-knot of an airship based on the

49
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latest technology are calculated to be from 50 to
150 percent higher than those of an equivalent
size modern fanjet transport airplane. One study
concluded that 747 costs were 21.6 cents per rev-
enue ton-mile and airship lower bound costs
were 35.7 cents per revenue ton-mile, assuming
a 55 percent load factor and a 25 percent profit
before taxes.5 Other studies project airship costs
to be four times those of airplanes. These studies
assume the existence of adequate numbers and
locations of airports.

There are other advantages to higher speed
besides increased productivity. One is that a fast
vehicle is less susceptible to weather delay than a
slower one because head winds have less effect
on ground speed, and adverse weather can be
more easily circumvented. Airplanes also have
the very important customer appeal of shorter
trip times, which is a vital factor in passenger
service and is also important for most air cargo
service.

Higher fuel prices raise airplane operating
costs more than those of the more fuel-efficient

51bid., p. 93.

POTENTIAL PROPERTIES

Under a recent National Aeronautics and
Space Administration (NASA) -funded study,
the Goodyear Aerospace Corp. estimated that a
26 percent reduction in empty weight as com-
pared to the 1933 Macon could be achieved
using modern plastic and metallic materials. The
empty-weight-to-gross-weight ratio can be re-
duced from 0.59 to about 0.40. The amount of
payload would depend on the amount of fuel
taken on, which depends on the requirements of
the mission. G Such technological advances can
substantially improve the payload of modern
airships of the ZPG-3W and Macon designs.

In addition, studies conducted by Goodyear
for NASA, the U.S. Coast Guard, the Alberta

airship. However, surface transportation—
trucks, rail, and some ships—is more fuel effi-
cient than airships. Thus higher fuel costs alone
are not likely to appreciably enhance the
airship’s competitiveness.

Airships, as they are presently conceived, are
not competitive with airplanes for the long-
range transportation of cargo. There are, how-
ever, other roles for which a modern airship or a
hybrid airship is well suited. Airships have defi-
nite advantages over airplanes in short distance
hauling of very heavy or bulky cargo, and for
jobs that require long endurance in the air, such
as certain types of patrol. Airships can also be
configured to perform vertical lift operations
more economically than helicopters and can do
so with much heavier and larger payloads. If air-
ships do make the comeback some predict, it
probably will be because they solve new trans-
portation problems and not because they com-
pete directly with existing types of long-range
aircraft.

OF MODERN AIRSHIPS

Ministry of Transportation, and the U.S. Air
Force show that operational versatility as well as
operating economies can be substantially im-
proved by marrying modern propulsion tech-
nologies to rigid or non-rigid conventional air-
ships. The propulsion system might be conven-
tional fan/prop units, which would improve
cruise performance and terminal operations, or
multiple rotor units to provide precision hover
capability for lifts ranging from 20 to 150 tons.
Such an airship could operate into and out of
remote and unprepared areas at substantially
lower costs than current alternatives with pay-
loads substantially larger or heavier than ex-
isting air lift methods.

‘Goodyear, op. cit., pp. 118-126.
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MODERNIZED CONVENTIONAL AIRSHIPS (MCA)

One of the inherent characteristics of conven-
tional airships has been their ability to fly at
slow speed with little expenditure of fuel. This
could make them appropriate for surveillance
missions of relatively long duration, provided
ground-handling and basing could be simplified,
Modernization of these ships with efficient vec-
torable propulsion could address this problem.
In addition, it would provide the airship with

the ability for vertical takeoff and landing
(VTOL) and coarse hovering, which would
enable it to accomplish tasks not possible for
fixed wing aircraft.

An MCA of this design would have takeoff
and landing characteristics that approach those
of a helicopter, together with range and payload
capabilities well beyond that of the helicopter.
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The ability of such an airship to carry moderate enable it to provide transportation for people or
payloads (20,000 to 80,000 lb) relatively long cargo in many locations for which it is imprac-
distances and to service unprepared sites would tical to use conventional transportation.

SURVEILLANCE ACTIVITIES

In 1957, a U.S. Navy airship set an endurance
record of 11 days aloft and 9,000 miles traveled
without refueling. 7 This is well beyond what is
possible with fixed or rotary wing aircraft. The
LTA also has low vibration level, low noise
level, and low pilot workload, all of which
reduce crew fatigue. Some suggested applica-
tions have been:

1.

2.

3.

— —

Mineral detection. Armed with the neces-
sary instruments, airships used in large
mineral surveys could outperform air-
planes in both accuracy and costs. Com-
puters and a large amount of equipment
could be put on board. The steady flight
and low vibration would contribute to ac-
curacy. 8

Pollution watch. A small airship, con-
trolled by a radio signal and carrying
several hundred pounds of detection in-
struments and television cameras, could
patrol the space above a city. The air pollu-
tion level of any chosen point could be
monitored accurately, and signals from
pollution sources could be transmitted to
the control center on the ground. g

Border lookout. Airships equipped with
electronic surveillance instruments could
serve as lookout posts and communication
links between patrol units and command
posts in key border areas.

‘Letter dated Mar. 27, 1980, from K. E. Williams, U.S. Coast
Guard.

8Hsu Te Pao, “Prospects of Airship Applications” (originally
published in Hang K’ung Chih Shih, Peking, No. 8, 1976, pp.
30-32), translation prepared by Foreign Technology Division,
FTD-ID(RS)T-2043-77 (Dayton, Ohio: Wright-Patterson AFB,
Foreign Technology Divisionr December 1977), p. 607.

‘Ibid., p. 8.

4.

5.

Radar platform. The U.S. Defense Depart-
ment recently installed special target-de-
tecting radar on stationary ballons to spot
even very slow movements of troops. The
U.S. DOD estimates that the cost of using
stationary ballons for day/night low
altitude observation is only one-tenth the
cost of using airplanes. The mobility of
an airship combined with its tolerance for a
broader range of atmospheric and environ-
mental conditions would greatly expand
this capability.
Police patrol. Both manned and unmanned
LTA’s have been tried for police patrol.
Goodyear and the city of Tempe, Ariz. in-
dependently experimented with manned
dirigibles. One experiment included the de-
velopment of remotely controlled mini-
blimps of up to 10,000 ft3, with downward
pointed TV cameras. This application is ex-
pected to have several economic and opera-
tional advantages over other patrol and
surveillance systems. Introduction of such
a system has been considered in Southern
California.

An MCA of about 875,000 fts has been as-
sessed by the U.S. Coast Guard to be economic-
ally and operationally effective in satisfying an
array of missions, including monitoring of buoy
placement, surveillance activities, port traffic
control, and monitoring ice conditions on the
Great Lakes.

— — —
10Ibid., p. 11.
‘‘ G. R. Semann, “Unmanned Blimp Patrol, ” paper No. 79-164,

1979 AIAA Lighter-Than-Air Systems Technology Conference.
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HEAVY LIFT AIRSHIPS (H LA)

The Heavy Lift Airship (HLA), a concept first
proposed by Piasecki Aircraft Corp., consists of
a helium-filled airship hull with propulsive lift
derived from conventional helicopter rotors.
The buoyant lift essentially offsets the empty
weight of the vehicle; thus all the rotor thrust is
available for lifting the useful load, maneuver-
ing, and controlling the vehicle. 12 The purpose
of the HLA is to vertically lift and haul heavy
outsized cargo. The Piasecki version of this con-
cept is shown in figure 9. Piasecki is now under
contract to the Navy to build and demonstrate
in flight a prototype of this aircraft.

Goodyear has also designed a 75-ton HLA
(figure 10). It is estimated to have a range of 300
nautical miles, and can be ferried without pay-
load, with rotors folded, for over 3,000 miles.
Without the buoyance, the collective payload
capability of four equivalent helicopters at their
rated 100 mile range would be less than half that
of the HLA. 3

The HLA fuel consumption for a design speed
of 80 knots with design payload of 150,000 lb is
estimated to be 0.22 gal/ton-mile. Without the
benefits of buoyancy, fuel requirements would
be on the order of 0.52 gal/ton-mile.14

Table 4 indicates the estimated numbers and
required payloads of HLAs in several potential
markets.

The two primary markets for the HLA appear
to be logging and unloading cargo at congested
ports. The environmental benefits of this use of
the HLA when used in remote locations has been
described as follows:

In a study of the potential application of ad-
vanced aircraft in developing countries spon-
sored by NASA, it was found that the ecology
of the tropics can be seriously altered if normal
methods (i. e., timber roads) are employed to
gain access to certain natural resources—such as
forests. Air lifting can mitigate these effects pro-

‘2Gooctyear Aerospace Corp., Fcmibllify  St~/dW ,>f  Mo~icr}t  Air-
\/~Ip>, PIIU5U  11– E.xcct/f/~~t’  S~~/)~t)~ury,  NASA report No, 2922
(Moffett  Field, Calif.:  Ames Research Center, National Aero-
nautics and Space Administration, November, 1977), pp. 7-8.

“Ibid., p. 12.
“Ibid., p. 9.

Figure 9.—Heavy Lift Airship Concept

‘*.

SOURCE: Piasecki Aircraft Corporation,

vialed the aircraft is capable of handling the
loads. A heavy lift-type airship showed signifi-
cant benefit for such applications. Similar eco-
logical constraints also exist in Northern regions
subject to heavy winter freezes and surface thaw
conditions. These were discussed in studies by
the Canadian Province of Alberta which also
pointed out that undeveloped areas do not con-
tain the surface transportation systems required
to bring equipment into such regions or remove
the resources. Furthermore, the  costs  of
building adequate rail or road systems for short
term use did not justify such construction. 5

Interest in LTA continues to be active. In July
1981, the fourth international conference on

‘5Goodyear Aerospace Corp., Modern Airships Program, com-
munication, March 1980.
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Figure 10.—Heavy Lift Airship—General Arrangement and Selected Performance
75 Ton Payloada
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SOURCE: Goodyear Aerospace Corp., Modern Airships Program, Akron, Ohio.

LTA systems technology was held in this coun-
try. The three-day conference, sponsored by the
American Institute of Aeronautics and Astro-
nautics (AIAA), received over 30 papers describ-
ing work presently being funded by the National
Forest Service, NASA, the Navy, and the Coast

Gross weight
Dynamic lift

Characteristics

290,807 Ibs.
150,000 Ibs.

Static lift 140,807 Ibs.
Empty weight (including EREW, residual fuel) 140,564 Ibs,
Useful payload 150,000 Ibs
Static heaviness
Envelope volume 2,600,000 It 3 (unstretched)
Ballonet volume 650,000 It 3

Ballonet celling 9,500 It
Hull fineness ratio 418
Design speed (TAS) 80 knots
Range

Design
Max. payload 300 nm
No. payload 1,137 nm

Ferry 3,180 nm

Guard as well as work underway in Canada,
England, France, and Germany. Projects cur-
rently in progress range
ysis, through subsystem
opment to construction
H L A.

from theoretical anal-
and component devel-
of a proof-of-concept

o


