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ABSTRACT

A number of political and lega)l implications o developing and operating
a satellite power system (SPS) are identified and studied in this report.
These include the vulinerability of SPS to actions of adversaries, communica-
tions impacts, the legality of an SPS in orbit including on-orbit military
protection, alleviation of political concerns about deployment and operation
of SPS, programmatic planning for SPS and the interaction of SPS with federal
regulatory agencies and major departments. In comparing SPS to terrestrial
power stations, it is seen that the political problems are neither clearly
larger nor clearly smaller--they are clearly different and they are inter-
national in nature. If SPS is to become a reality, these problems must be
dealt with, sooner rather than later. Five major issues are identified.
These must be resolved in order to obtain international acceptance of SPS.
However, this study has found no insurmountable obstacles that would clearly
prohibit the deployment, operation and protection of an SPS fleet.
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1. INTRODUCTION AND SUMMARY

The embargo on the export of petroleum products to certain oil-consuming
countries (OPEC) in October 1973 and subsequent evants have elevated i1ssues
relating to the management of energy resources to a high priority in national
and international policy making. Energy shortages and sharply increasing
costs, with their economic, social and foreign policy implications, have
yiven increased urgency to the search for alternative energy sources. As a
result, scientific research reiating to the development of nuclear, geothermal,
solar, wind and other energy sources has received public support and at
attention.

One of the most promising alternative sources is solar energy, bcth
because the supply is for ail practical purposes inexhaustible, and because
the use of solar energy does not necessarily involve significant environ-
mental hazards as does the use of fossil fuels. Consequently, large- and
small-scale applications are being examined.] However, solar power generators
located on the Earth's surface are subject to a number of limitations, in-
cluding inoperability due to nightfall and low or variable output due to
adverse weather conditions such as cloud cover. Thus, consideration has
been given to the establishment and operation of solar generators in outer
space.

As presently conceived, a satellite solar power system would incorporate
two main components. First, a large-scale solar energy conversion system
would be assembled, perhaps in low-earth orbit, and placed in geostationary

orbit at a distance of approximately 35,900 km from the surface of the Earth.



In that position, the solar power satellite would occupy a relatively fixed
position with respect to the Earth's surface. The second system component
would encompass an Earth station capable of receiving the energy product
generated in orbit and converting it to electricity through the use of
receiving antennae. The space an- ground segments are to be connected by
means of a microwave or, possibly, laser transmission beam.2

Planning for the implementation of a satellite power system raises, in
addition to complex technical questions, issues of system security and
economic viability and impact. However, it is apparent that some of the
major barriers to the development may lie in the areas of international law,
the law of outer space, and international policy formulation. The purpose of
this study is to examine those aspects of satellite power systems (SPS). The
following issues have been considered:

1.  Vulnerability of SPS to actions of adve:saries

2. Use of microwave power transmission by SPS and its potential
impact on others

3. Status of SPS in international law, including the legality
of on-orbit military protection

4. Political concerns about risks imposed by the construction and
operation of an SPS

5. Benefits of SPS in international trade

6. Programmatic planning for SPS in the context of the federal
budget cycle

7. The interaction of SPS with federal regulatory agencies and
major departments.

A brief discussion of the major study findings folle s.



1.1 Vulnerability of SPS to Actions of Adversaries

The SPS, with its major power conversion and delivery components located
in space, presents a different type of target to the potential actions of
adversaries than do conventional, ground-based power plants. On the one
hand, the space-based components of the SPS offer a significant target that
would not involve a direct attack within the national boundaries of the
owning state and might not end2:uger human lives. On the other hand, however,
the economic significance of an SPS would likely mean that direct attacks
on the system by major powers would be interpreted as unambiguous acts of
war. But it must be observed that a range of adversary actions could
conceivably occur, some of which are not recognizable as actions against
which physical reactions would be appropriate. For example, actions that
do not impose a physical threat against SPS hardware, such as legal pro-
ceedings, are not likely to be met with physical force against the imposing
state.

In comparing SPS to terrestrial power plants, three key differences
exist: First, the SPS, in operation, uses an energy source that is not
dependent on foreign supplies, finite terrestrial resources, or the vagaries
of resource extraction, processing and transportatior as are hydrocarbon
and nuclear fuels. Second, the technology needed to disrupt the operation
of an SPS is generally well above that for terrestrial plants and the hard-
ware for such an attack is not readiiy available. Third, the scale of an
SPS satellite could make it a desivable target and cne which does not
require attack on the territory of ti® aning stute. It would be desirable
to enhance the security of the SPS fleet by any of a number of potential

actions. These include enforcement of national strategic deterrenc2, that



is, the ability to strike back at a threatening state, defensive devices
zaintained pL3sibly in orbit near the sa‘ellite to protect against physical
actions that might be taken by lesser powers, and by pioper design and man-
agement of the SPS to make it more Jdifficult to impose real threats. In
addition, SPS security could be significancly enhanced by providing the
appropriate economic incentives. Basically, this means internationalization
of the system at some level.

1.2 Microwave Power Transmission

The SPS has a planned fundamental frequency for the microwave power
transmission beam of 2450 MHz. Clearly, aliocation of this frequency for SPS
use will be necessary if it is to be used by SPS. In additicn, however, it
is unlikely that suppression of the higher harmonics of the fundamental fre-
quency will be physically possible to the extent that these frequencies will
be available to other users. Thus, along with the fundamental frequency, it
will also be necessary to allocate the higher harmonic frequencies to SPS
use. Besides the problem of harmonics, there is also the issue of actual
transmitted bandwidth, which could result in interference (sum and difference
frequencies) between pairs of SPSs.

Potential impacts of the SPS power beam on other frequency spectrum
users could result from nonlinear interactions between pairs of SPS power
beams, between an SPS power beam and other signals and between the SPS power
beam and the ionosphere. Nonlinear interactions between radio beams can
occur when a conductor, such as an ungrounded wire or free electrons in
snace, are irradiated by two sources. The conductor than has a potential for

detecting and emitting a signal at the sum and difference frequencies of the



impinging beams. Because of the extremely high power l2vel in the SPS power
beam compared to communications signal levels, the potential for problems of
this sort should be of concern. The other area of concern lies in the poten-
tial effects that the SPS power beam could have on the ionosphere, thus
impacting users that rely on existing properties of the ionosphere. A nurber
of systems might be affected. These include both liée-af-sigbt and over-the-
horizon comunications and navigation systems.

A further area of interaction between SPS and other frequency spectrum
users lies in the use of orbital positions by the existing systems. By the
time SPS will be ready for implementation, well in excess of $1 billion will
be wnvested in hardware for space-based communications and navigation systems.
Much more will be invested in ground-based systems that could also be impacted
and the total number of individuals involved with these systems will be very
large. Thus, the viability of the SPS concept may well rest in the ability
to find equitable alternatives for the communications and other orbital arc
users.

1.3 The Statu< of SPS in International Law

A number of issues exist relevant to the status of SPS in international
law. Four issues are addressed in this study:
1. The legal aspects of the use of the geostationary orbit by SPS

2. The impact of the 1967 Quter Space T.-eaty on the use of space
for power generation

3. The legal status of deployment and operation of SPSs by private
sector entitiesd

4. The permissibility under existing international space law of
providing on-orbit military protection for SPS.



The conclusions resulting are as follows. Nonpermanent use of
the geostationary orbit for SPS is permitted under present space law;
however, it will te necessary to obtain appropriate frequency allocations
and to register the use of the orbit with the international Frequency
Registratior Board. Permanent allocation of an orbital location is specifi-
cally not permitted unless such allocation is by an international organiza-
tion duly representirg a broad spectrum of states. It is felt that use of
an orbital location for 30 years does not constitute appropriation but that
periods much longer than this may. The 1967 Outer Space Treaty provides
that the resources of space are for the benefit of all mankind. This
clause prevents nationalization of various space resources; however, it
does not exclude the use of sunlight to provide energy for an SPS. The
deployment and operation of an SFS by private sector entities is permitted
within existing international law but the private sector then acts as an
arm of the government and the government assumes the responsibility for
regulation of the activity and is liable for any damages caused by the
operating entity. Last, it is felt that on-orbit military protection of
SPS can be provided legally within present international law so long as the
military systems stationed in orbit are not nuclear weapons or weapons of
mass destruction.

1.4 Political Concerns About Risks Imposed by SPS

The construction and use of a fleet of SPSs imposes a number of poten-
tial hazards on the peoples and properties of foreign states. These hazards
include potential launch vehicle failures, reentry of various materials
associated with the SPS and potential hazards of the microwave beam. Alle-

viation of the concerns regarding launch vehicle failures and reentry



debris is not likely to be a major problem, bui the problems are reduced if
the SPS is constructed and operated by an international organization. The
microwave beam poses a somewhat different problem. Clearly, microwave
radiation at very high power densities is hazardous and at very low power
densities is not in any way dangerous. SPS must operate in the region
between these limits, where little is presently known. Thus, it will be
necessary to conduct research on the effects of microwaves on biological
materials and the ionosphere in order to determine *he acceptable, safe
limits on power density. There is a basis in international law requiring
that ihis rgsearch be conducted and for providing assurances that the
states engaged in an SPS program are not imposing undue risks on others.

1.5 Economic Benefits of SPS in International Trade

The present dependence of the United States on bulky hydrocarbon fuels
places many conditions on economic grewth and stability. For one thing,
dependence on foreign 0il infers dependence on the security of the trans-
portation of such oil. This implies at least guaranteed access to, if not
control of, the seaways over which the oil is moved. Furthermore, the
expenditure of some $30-340 billion on o0il imports adversely impacts the
domestic economy. This money, properly placed in the United States, would
create some 2 million new jobs. At the very least, it is clear that an
energy source such as SPS, independent of hydrocarbon fuels, would sianifi-
cantly alter economic growth both foreign and domestic and would drastically
alter international economic dependencies.

1.6 Programmatic Planning for SPS

A number of programmatic issues related to obtaining and maintaining

support for an SPS development program are identified and discussed. At



this point in time, the program should be economically justifiable as a
necessary condition for federal support. Although this condition appears
to be met, a debate continues to exist over the discount rate that should
apply to the economic evaluation. The Office of Management and the Budget
dictates a 10 percent rate to apply to the evaluation of federal programs.
Ecowomic theory and data indicate 2 to 4 percent is more reasonable. The
latter rates more strongly favor proceeding with the SPS development pro-
gram. In addition, four conditions are identified as necessary for a
positive decision on a major program such as SPS:

1. The objective scught must be known to be technologically feasible,

with a high degree of probability, at the time the decision to
seek it is made.

2. The objective must have been the subject of sufficient political
debate so that the groups interested in it a~d opposed to it can
bz identified, their positions and relative strengths evaluated,
and potential sources of support have time to develop.

3. Some dramatic "occasion for decision,” such as a crisis resulting
from an external or domestic challenge, must occur to create an
environment in which the objective and the policies to achieve it
become politically feasible.

4. There must be in leadership positions in the political system
individuals whose personalities and political philosophies support
the initiation of new large-scale government activities aimed
at long-term payoffs and who have the political skill to choose
the situations in which such activities can be initiated success-
fully.

Once a federal program has been initiated, evidence indicate; that it is
harder to terminate the program then to let it continue. Thus, the focus
should be on meeting the necessary conditions to achieve a program start.

1.7 Interactions of SPS with Federal Regulatory Agencies and Departments

As soon as an SPS development program is approved by Congress, it will be

appropriate to involve a number of federal regulatory agencies and departments



in the SPS program. Regulation of the SPS during development, construction
and nperation will involve a broad spectrum of agencies, for example, to
assure proper environmental protection, safety for both workers and the rest
of the world, and %0 regulate the capital formation and return on investment
for the system. The govermment must be involved in research to determine
safe levels of microwave radiation and in international bargaining to obtain
frequency allocation and orbit locations for the SPS. Finally, provision
must be made to perform the technology developments necessary to make SPS an
economic reality.
1.8 Major Issues

This study has identified a number of key legal, political, institu-
tional and environmental issues that are potential “show stoppers" with
respect to SPS and outlines the bases, institutionally and with regard to
international law, which underlie them. The major issues, which must be
resolved prior tc implementation of SPS, are:

1. The potential effect of microwave energy on biological
materials and on the ionosphere

2. Frequency allocation for SPS, including the center
frequency and harmonics

3. The potential problems of radio frequency interference
4. Assignment of geosynchronous orbit locations for SPS

5. Problems associated with potential liability for damage
caused by SPS.

1.9 Conclusions and Recommendations

Despite the range of potential problems noted above, institutional,
legal and engineering solutions can be expected and this study has found no

insurmountable obstacles, politically, institutionally or in international



law, that would clearly prohibit the deployment, operation and protection
of an SPS fleet.

To the extent that an SPS fleet can be economically deployed and
operated, it offers a potential key to “free access” to energy by all
nations and could, within limits, place a "once-and-for-all" upper bound
on the cost of energy.

Throughout this study there has been one major recurring theme. This
is that many of the legal, political and institutional issues are clearly
international in character and will demand resolution on an international
basis. Additionally, if the SPS concept is successfully developed and
exploited, its energy products will be demanded by many nations, especially
the less developed countries. Thus, if the SPS concept proves to be economic,
it will ultimately be implemented on an international basis. Consequently,
we believe that it is best to begin by planning for a fully international
system right from the start.

As a result of this study, four major recommendations have been
derived:

1. Establish research programs on key impact areas, especially

the effects of microwaves on biological materials and on the
ionosphere, leading to internationally accepted standards.

2. Prepare a policy statement for presentation at the 1979 World
Administrative Radio Conference on orbit and frequency alloca-
tion providing for SPS.

3. Establish an international forum for the open discussion of the
international implications of SPS and the clarification of inter-

national law vis-a-vis SPS.

4. Establish a plan for involvement of federal regulatory agencies
and departments in an SPS program.

10



Because of the extensive reference made in this report to (1) The
Convention on International Liability for Damage Caused by Sapce Objects,
(2) The Convention on Registration of Objects Launched in Outer Space, and
(3) the Treaty on Principles Governing the Activities of States in the Ex-
ploration and Use of Quter Space, Including the Moon and Other Celestial
Bodies, a full text of these articles is given in Appendicies A, B and C
respectively. In addition, a bibliography of relevant literature is pro-

vided.
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2. VULNERABILITY OF SPS TO ACTIONS OF ADVERSARIES

This section identifies and discusses a number of threats that could be
v posed against an SPS and then postulates mechanisms for risk alleviation.

It is shown that a number of generic categories of threats could be imposed
against an SPS. These span the range from open military attack down to
actions of environmentalists or labor unions. Protection against some of
these threats can be of a military nature; however, military forces would not
be effective against threats imposed through national or international legal
mechanisms. The likelihood of threats occurring is qualitatively assessed in
terms of the technologies necessary to impose the threat, who has or will
have access to such technologies, and what is to be gained by imposing the
threat. Four avenues of risk alleviation are identified: national strategic
deterrence, active defense of the system, internationalization of the system,
and through international agreement.

2.1 Flotential Adverse Actions Against an SPS

A number of potential adverse actions could be posed against a space
power system. These can be classified in two ways: first, according to the
part of the energy conversion/transmission system to which they apply, and
second, according to whether they represent an “"active" or a "passive" threat
to the system. In order to identify and classify adverse actions against an
SPS, it is helpful to depict the overall system in terms of its energy trans-
mission and energy conversion components as shown in Figure 2.1. The energy
source is the sun. The energy is transmitted as sunlight to the satellite,
collected and converted there to microwave energy, received and converted

on the earth to dc power, transmitted as dc power to the rectenna busbar,
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and converted there to ac power at a voltage compatible with the utility
grid. An adverse action against an SPS is anything that could willfully or
accidentally disrupt any of the above processes. In addition, adverse actions
against an SPS could exist during its construction and, during its operation,
by efforts directed against control or safety systems. It is worth pointing
out that no damage whatever need be done to the system itself to constitute
a threat. If the operators or regulators of the system could be convinced
that it was unsafe to operate, the system would be shut down as effectively
as if it were destroyed. For example, a bomb threat against an airplane can
cause cancellation of a flight despite the fact that no physical threat ever
exists. ‘
Figure 2.2 presents an hierarchical classification of potential
adverse actions against an SPS. The major categories include:
1. System construction
2. Physical processes
3. System operation and control.
Within these major categories and their corresponding svt. ategories, adverse
actions are identified and classified according to whether they are "active"
or "passive". No clear lefinition between active or passive actions exists;
however, the characteristics of each are generally as follows:
Active actions
° There is a definite intent
. It is easy to show intent
0 More Tikely to deal with the energy transformation process
. More likely to operate on hardware

) Difficult to recover operation after threat passes

14



1

0. POTENTIAL
ADVERSE: ACTIONS
AGAINST SPS
| 1
. svstem 2. cAL 3 system
CONSTRUCT10M PROCESSES OPERATION
AND CONTROL
I
1 ]
1. 2.0 2.2 a1
ENERGY ENERGY ATTITUDE
H yraness 1SS10M CONVERSTON ™1 CONTROL AND
TRANSPORTAT 10N TRANSM CONTROL AND_
72,50 Z.0.10 2zl .z
- T —{ SOLAR l—{ BE
Ml sysTems SUNLTEH NICROMAVE €O/ 'TROL
T oeo 2.1.2 222 [
M AVE M1CROWAY YSTEN
M| svsTems | MCRow = 0o SAFETY
T.4 Z.1.3 2.2.3
v L "oc’ poweR L “utiiry
IN RECTENNA INTERFACE
T3
Ly MATERIALS
SUPPLY

Figure 2.2 Hierarchy of Adverse Actions Against an SPS



Passive actions

) There may be no intent

o It is difficult to show intent if it exists

] More likely to operate ~n the energy tronsmission orocess

° Easy to recover operation after threat passes.
According to the above scheme, generic classes of adverse actions against an
SPS are identified in Table 2.1. This is not an all-inclusive list, but
serves to identify and classify the various types of actions that cousld be
imposed.

As indicated, a number of potential adversary actions are worthy of con-
sideration. These range from outright attack on the system which, if imposed
by a major power, would be perceived as a ciear act of war, to legal actions
which may be equally effective under the right circumstances and would clearly
not represent a belligerent act either toward the system or the operating
state. Both extremes and the range of actions between need to be dealt with
before they become real actions. In between these extremes are acts such as
sabotage, threats against SPS workers, both in space and on the ground, any
intervention or mismanagement of supplies, or intervention or deflecticn of
the SPS power beam. Blackmail against SPS system managers is also a
possibility.

The actions cited above are active in nature and seek to destrcy or ob-
tain control of the system. There exist also a number of potential actions
which could be generally classified as passive but which would also result
in disruption of system development, cons*ruction or services. These actions
would include actions that environmentalists or unions might take against

the system. They would include national and international legal, political
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Jable 2.1 Generic Categories of Potential

Adverse Actions Against an SPS

Active:

] Attack cn system elements or construction
facilities

) Sabotage

) Threats against safety of SPS workers

. Intervention of supplies

0 Intervention of power transmission--sunlight
or microwave

] Obtain physical control of the system

° Blackmail

Passive:

] Loss of system elements or construction
facilities due to accident

] Loss of construction capability due to
recurring malfunction

] Environmental resirictions

° Legal or poiitical barriers

] Improper critical path management

) Unior actions

° Perceived threats

17




and institutional barriers that might be erected against the system. They
also could include a variety of accidental occurrances involving, for exam-
ple, a loss of construction facilities or launch vehicles. The measures
taken to protect against these "passive™ actions are necessarily quite
different from the measures that could be taken to protect against “active"
actions of adversaries.

2.2 (ualitative Comparison with Terrestrial Systems

Terrestrial power systems are vulnerable to military actior at three
points:

1. The supply system of raw material for energy production

2. The actual physical system for energy production

3. The distribution network for energy.
The last 40 years provide numerous examples of attempts to interfere with
terrestrial power systems at all three points. The Second World War, Korea
and Vietnam saw major efforts made to reduce the opponent's industrial capa-
city through action against its energy generating systems. Various terres-
trial energy systems differ considerably as to their vulnerability at these
three stages. For example, hydroelectric power stages (that is water, as
compared to oil-fired steam generating systems that depend upon a steady
input of 0il transported from distant sites) have proven to be relatively
immune to attempts to disrupt their source of raw material. While it is
difficult to generalize across a highly technologically diverse universe of
terrestrial power systems, ranging from small coal-fired plants to 1,000
megawatt LWRs, a few generalizations do seem possible.

F.rst, an increasing number of terrestrial power systems are dependent

upon foreign-controlled sources of raw material. These include not only the
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obvious o0il and coal-fired cystems but also a large number of the nuclear
power plants now being built or projected, which will be dependent upon
uranium enrichment and fuel fabrication services performed by other countries.
This dependence on foreign sources for raw materials opens up a whole range
of military/political vulnerability that spans the application of an embargo
all the way up to the application of traditional. interdiction techniques of
using sea and air power to disrupt supply lines. Depending upon where in
7this spectrum the action is applied, varying levels and sophistication of
force will be required. For example, an Arab oil embargo on exports, unless
opposed by force, can b2 applied without any significant application of
military force and against countries that may have a large quantitative and
qualitative military superiority. In comparisor to potential military threats
to an SPS system, disruption of the raw material supply of terrestrial systems
appears open to far more states and at lower levels of mili*tary force and
sophistication. In an SPS, the technology necessary to disrupt the sunlight
or microwave beam is at least an order of magnit: > above that needed for
analogous action on a terrestrial system and not likely to be available to
wmost states in the short term.

Second, the actual energy conversion system of terrestrial power plants
is subject to a large range of military actions, ranging from covert pene-
tration and sabotage to direzt attack with highly sophisticated air- or
missile-delivered ordnance. While these systems are relatively vulnerable
to such military action, the scale of energy production at any single site is
such that the pay-off of such an attack is not high. With interconnected

power grids, the removal of a single power-generating facility would usually
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not be critical or seriously disruptive. Additionally, any such military
action involves a direct attack on the national territory and sovereignty
of a state and is not likely to be undertaken in a situatior short of war
or open combat. In comparison, any military attempt to interfere with the
energy production phase of an SPS system would appear to require a higher
order of technical sophistication than similar efforts directed at terres-
trial systems. un the other hand, larger scaling of SPS systems would mean
that such efforts, if successful, would offer considerably higher pay-offs
in terms of their disruptive impact. Also, the nonterritorial base of the
energy production segment of an SPS system would mean that any attack on it
would not directly attack the national territory of the state owning the
system, and this might lower the restraints against such an attack.

Third, both SPS and terrestrial systems seem to share the same degree
of vulnerability to military action with regard to their distribution systems.
While the utility interface, and particularly the rectenna of the SPS, would
present a lafger target than normally associated with a terrestrial system,
the relative vulnerability of the systems is probably not altered by this.

Fourth, the two types of systems differ significantly in their vulnera-
bility to nonconventional military actic: (that is, terrorist and similar
action). The terrestrial system, such as an LWR, presents a traditional tar-
get profile with very conventional types of barrie'. to be overcome {that is,
physical barriers, detection systems and security forces). These barriers
may be considerable, but in any case, they are conventional in the sense that

traditional techniques can, if adequate, breech, neutralize and defext them.
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Given the spread of military training and sophisticated military and quasi-
military hardware (for example, helicopters, shaped explosive charges,
heat-seeking missiles and anti-tank weapons), any number of groups can be
expected to be capable of launching terrorist-type attacks on terrestrial
power systems. MWith regard to SPS, another order of sophistication beyond
that normally found in tervorist-type groups would be required to creditably
pose a military threat to the system. The technology that this study has
identified as necessary, for example, to destroy the satellites through
active or passive wmeans, is unlikely to be available to terrorists in the
time frame of concern. While it is possible to imagine slightly more credible
threats to the SPS operation and control system from terrorist groups, these
are at the outer limits of plausibility and the system is still significantly
less vulnerable than terrestrial systems.

2.3 Relative Likelihood of Threats Occurring

With regard to the energy conversion stage of an SPS, the most serious
active threat would involve an attempt to destroy the satellite itself. Such
an effort might involve ground-based laser, airborne laser, space-based
attack or a ground-based missile attack using a nuclear warhead. All such
threats would involve a high order of technical sophistication in the launch
vehicle or specific attack mechanism. Laser developments are apparently
moving ahead rapidly, and a full assessment would require access to classified
data not available for this study, but it still appears probatle that, at least
during the early years of SPS implementaticn, only the United States and the
Soviet Union, and maybe one or two Western European states, will have laser

devices with the appropriate characteristics for such a satellite-destroying
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mission. Research into high-enegy lasers is apparently being actively pur-
sued with progress being made along the following fronts:

[ For in-space use, the open literature in the United States

already reports useful efficiencies with small-scale chemical
lasers using hydrogen fluoride radiating at a wavelength of 2.7
microns. Research is apparently now concentrated on scaling
the size of the device upward to useful power levels.

e For ground-based use against space targets, the United States
has reported progress with electrically excited Excimer-type
lasers using noble gases, that emit in the visible and ultra-
violet part of the spectrum. It is reported that single-pulse
energy levels of 350 joules have already been achieved with
such devices.

In bota of these approaches, formidable problems remain, including
major advances in the laser devices themselves, precise locating and track-
ing and large, high power optic systems. Without access to classified
material, it is impossible to assess with a high degree of confidence the
pace at which more traditional satellite-destroying technology has developed.
However, the impression from the public record is that only the Soviet Union
and the United States have made any real attempts to develop such capability.

A passive threat to the satellite itself that deserves serious con-
sideration is the threat posed by collision with another satellite or debris
from the breakup of a satellite or associated launch vehicle. While direct
space-based attack on the satellite through an active satellite-killer system
could be easily identified through ground tracking, it would be much more
difficult to establish intent if an effort was made to disguise the search-
and-close profile of such a satellite-killer system. Because the SPS would be
in geosynchronous orbit, such a deception should be easier to execute. The
possible deceptions are many, including a "failed" control system on a

Taunched satellite, an on-board “accident” on a large satellite or its launch
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vehicle resulting in a large amount of debris crossing the orbit of the SPS
or a "miscalculation” by one of the many states that will have satellite
launch capabilities by the end of the century.

A third area of threats that deserves serious attention concerns active
and passive threats to the SPS operation and control system. These could
include, inter alia, attempts to affect the attitude, control and station-
keeping capabilities of the system by jamming ground commands, by using
superior commands to reposition or change altitudes, or attempt to destabil-
ize the satellite through ordering it to assume unstable attitudes. The
beam control could also be similarly misdirected in an attempt to deflect
or to direct the power beam in ways likely to cause physical damage to earth-
based interests. It is not clear that such threats can be easily or creditably
posed. In large part,.the answer to whether they can depends upon the design
of the command and control system. If the issue of security and access are
handled in as haphazard a fashion as they have been in many existing computer
systems, then thc threat could be quite real. If, on the other hand, atten-
tion is paid to such issues, it should be possible to design dependable,
secure, control systems.

A threat assessment requires knowing not only the vulnerability of the
SPS to military action, but also assessing the creditable motivation that
might lead to such action, the objectives that could be gained and identify-
ing states with both the capability and motivations.

Because of its cost, size and contribution to the operating country's
national economic system, an attack on an SPS, especially by a major power,

is likely to be perceived as a clear and unambiguous act of war. This means
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that the motivations for attacking an SPS should be sought not in the SPS
itself but in the full context of the relations between states. In other
words, the motivations for an attack on an SPS are relatively unambiguous.

If the SPS has a ground output optimized in the 5 to 10 GW range, the sudden
and unexpected destruction of one or more SPSs could cause immediate economic
disruption ranging from disruption of the ground-based power distribution
system to the slowdown and stoppage of economic activity relying on power
derived from SPS. The output of an SPS fleet would be so large compared to
present conventional ground-based power generating networks or power pools
that it is unlikely that the national energy system could (or should) be
designed to absorb the unexpected loss of several SPSs without severe economic
disruption. Thus, an attack on the SPS fleet vould have as its objective
large-scale economic disruption. As with the ability to interrupt the
importation of foreign-produced petrochemicals into a state, the destruction
of an SPS offers the attraction of being able to disrupt an economy without
physically attacking assets within the state's geogranhic territory.

2.4 Methods of Risk Alleviation

As argued above, the SPS, because of its cost, size and contribution
to the operating country's national economic system, presents a high value
target, the destruction of which would likely b2 perceived as a fairly un-
ambiguous act of war. If this is in Tact the case, then an SPS would not
be attacked unless central national interest, reaching far beyond the mere
vulnerability of the SPS, of the involved states were at stake. As with other
valued national assets, the real defense for SPS would be the national stra-

tegic deterrence system. If strategic deterrence is effective, SPS will
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be protected from the attack of hostile nations. On the other hand, if
strategic deterrence should fail, SPSs would probably share a high target
priority with a lot of other high-value, hard-to-defend targets.

Four principal avenues of risk alleviation for an SPS system offer
themselves. The first, and perhaps the most effective, risk-alleviation
technique is that of national strategic deterrence. That is, afterall, the
technique used by the United States and U.S5.S5.R. to defend other hard-to-
defend targets such as large urban-industrial regions. The techniques
of mutual vulnerability, while psychologically and militarily disturbing,
likely outweigh very expensive and dubiously effective defensive measures
that might be undertaken.

A second risk-alleviation technique, which could be compatible with
the first, is to adopt minimal defensive devices sufficient to ward off
small-scale, not highly sophisticated attacks. This would give some pro-
tection against terrorist or irrational Amin-type attacks while not seriously
degrading the mutual vulnerability that the United States and Soviets share.
The difficulty of this technique, as demonstrated in the ABM debate, is that
a third state defensive capability may appear to be more than that and upset
the mutual deterrence relationship among major protagonists. In the ABM
debate, the United States anti-Chinese system was claimed by the Soviets to
be directed at providing a defense against Soviet missiles and thus upsetting
strategic deterrence. The United State, for its part, had great difficulty
in assessing whether a Soviet defense system was designed against bomber
attack, Chinese missiles or was tne start of an ABM defense against the

United States.
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A third risk-alleviation technique would involve internationalizing
the system at its research, production and/or operation stages. The simplest
example of this would involve an SPS that produces power for several states.
In such a case, an attack on an SPS would be an attack on more than one nation
and hence, presumably, be harder to justify. This technique could be
illustrated, for example, by an SPS that fed the national grids of Israel,
Syria, Jordan, Egypt and Iraq; or one that fed the FRG, DDR, Poland,
Czechoslovakia and Austria, or one that fed both China and the Soviet Union.

A final risk-alleviation technique that might be followed would involve
seeking an international agreement in which the signatories would specifically
agree to declare that the SPS would not be subject to military action. This
strategy by itself would seem to offer little real security but if coupled
with other techniques might offer some added security, particularly against

any attempt to attack an SPS in a less than all-out war situation.
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- 3. LEGAL AND POLITICAL QUESTIONS ON COMMUNICATIONS IMPACTS

This section identifies a number of issues related ‘o frequency allo-
cation for SPS and the potential impact of SPS on other frequency spectrum
users. First, the problem areas are identified as they impact and are im-
pacted by the present frequency allocations. Then, the preseni frequency,
allocation and potential SPS impacts are identified. Next, the frequency
allocation procedure and the 977 and 1979 meetinés of the World Adminis-
trative Radio Usnierence are reviewed. Finally a survey of existing and
projected sateilites and equipments potentially impacted by SPS are reviewed.

SPS could possibly impact many frequency spectrum users, including
communications, navigation and radiolocation systems. The potential
machanisms involved include noniinear inter._tions between the SPS power
beam and other radio signals, higher harmonics of the SPS power beam and the
actual transmitted bandwidth, and effects due to power beam heating of the
iono.phere. To provide for SPS, it is necessary to obtain appropriate
frequency ailocation and orbital slot allocation. These issues will be
addressed in the 1979 World Administrative Radio Confe}ence and it is key
that SPS be provided for as one outcome of that session. With the wide
range of impacts that SPS could potentially have, and the large number of
systems, groups and individuals potentially involved, it will be necessary
to design the SPS for minimum impact, to assure that the impact of SPS is
adequately controlled, and to find equitable alternatives for those that must

be impacted.
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3.1 Frequency Allocations and Potential SPS Impacts

Before delving into the frequency allocation problem and potential SPS
impacts it is important to understand the frequencies t' .t can be impacted
by SPS and the mechanisms which would cause these impacts. As shown in
Table 3.1, the proposed center frequency for SP5 s 2450 MHz. Table 3.1
also shows the frequencies of the first five harmonics of this center fre-
quency. The center frequency, 2450 MHz, has been proposed for SPS due to a
number of reasons. First, this frequency is presently allocated to indus-
trial users and is in use today for such things as microwave ovens.]’2
Second, this is a frequency which has relatively good characteristics with
respect to transmissions through the atmosphere and through areas of pre-
cipitation. Third, it is a frequency at which considerable work has already

been accumplished on the development of high power transmitting devices such

as klystrons and Amplitrons and on rf-to-dc converters.

Table 3.1 Problem Areas
F—__z—_—._“—__.__.—ﬁ;r ——
° Center Frequency of SPS: 2450 MHz

[ Harmonics:
2nd - 4900 MHz
3rd - 7350 MHz
4th - 9800 MHz
S5th - 12250 MHz
° Actual Transmitted Bandwidth

° Sum and Difference Frequencies with Other
Signals

° Power Flux Density Limits in Side Lobe Areas
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Clearly, problem areas in the frequency spectrum associated with SPS

will include the center frequency and at least the first several harmonics

of the center frequency. In addition, however, there are a number of other
problems as depicted in Figure 3.1. The first of these deals with the
actual transmitted bandwidth of the SPS system. Because of the large amount
of power being handled, there is a strong requirement for maintaining very
precise frequency control. Despite the fact that the center frequency is
protected t. 50 MHz on either side, one effect which can occur when two or
more SPS satellites radiate the same point on the ground is the reradiation
of sum ard difference frequencies due to nonlinear effects such as might be
cau-ed by the radiation of ungrounded pieces of metal. Another potential
esfect invwiving charged particles trapped either in the ionosphere or in
thc Van .llen belts is referred to as the Luxembourg effect. In the Luxem-
boury effect, . arged particles excited by the power beam are modulated by
other rf s.gnai15. The result, due to the nonlinearities of the process, is
the radiation of rf power at the sum and difference frequencies between the
power beain and the interferring rf signal. These nonlinear effects have
the potential for creating radio freguency interferrence over a broad fre-
quency spectrum, thereby impacting a wide range of users. In addition,
radio frequency users c.., be impacted in yet another way. It is known that
the SPS power beam will cause heating of the ionosphere. The exact extent
and effect of this phenomenon is not presently understood, however it could

potentially impact radio frequency users that make use of the ionosphere to
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obtain long-range radic iransmission. Finally, it should be emphasized that
the effects that could be caused by a fleet of SPS satellites in orbit can
be significantly different and more extensive than the effects caused by a
single SPS satellite.

Tables 3.2 and 3.3 detail a number of potential power beam effects on
existing and proposed communications and navigation systems.3 The effects
detailed in these tables are due strictly to heating uf the ionosyhere by
the SPS power heam and are representative, but not all! inclusive, of the
proolems that could occur due to this phenomenon. Basically, all HF ~om-
munication systems operating in the 3-30 MHz range make use of the iono-
sphere as a reflector to propagate the signal over substantial distances.
Alteration of the ionosphere could result in propagation outages with sub-
sequent loss of communication links. Many users, both civilian and military,
could be affected. In addition, a number of satellite communication systems
could be impacted due to scintillations. The results would be fading of the
communication signal. Both LF (low frequency) and VLF (very low freguency)
navigation systems rely on the ionosphere for signal propagation; for example,
the Omega navigation system which is presently being implemented on a world-
wide scale. This system will serve both military and civilian users,
primarily ships and submarines at sea and aircraft flying out of the range
of VHF navigation systems. To date, the Omega system has teen widely praised
for its accuracy. It is possible however that sudden phase anomalies (SPAs)
could increase the Omega location error by a factur of five. Similar degra-

dations in performance may also cccur for LORAN C which is presentiy vbeing
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Table 3.2 Possible Effect of SPS on Communication Systems
— —— ——
System System Characteristics Power Beam Effects
HF o 3-30 Mz o Propagation outages
® Uses ionosphere as reflector ® Loss of comm. links
to precpagate
® Many users affected
- Ham
- Military
- Civilian
AFSATCOM e 260 Mz e Fading due to scin-
~ 340 MHz tiliations
e Satellite-to-aircraft e Aspect scatter could
communication system cause multipath de-
gradation
IKTELSAT/ 1200 Mz o Fading, if severe
MARISAT/ could be significant.
DOMSAT 1600 MHz
6000 MHz
4000 MHz

implemented in the United States as a supplement to the VOR system. Again,
due to scintillations, performance of the Navstar Giobal Positioning Satellite

~ould also be impacted by the SPS power beam.



Table 3.3 Possible Effect of SPS on Mavigation Systems

| e _— ________ — |

Systea System Characteristics Power BSeam Effects
OMEGA e 10.2tc 3.8 0Nz, LM o Low altitude effect could
cause sudden phase anomaly

e 8 stations, TOMK (SPA)

o Single frequency hyper- | ¢ SPAc could increase location
bolic systes (phase error by a factor of 5 (1 to
comparisons ) S miles)

LORAN C e 100 Xz, pulse ° :oer.sty 1‘-« users.mmr
could degrade

e Ground wave (2000 k=) ance although sky wave users
and sky weve (8000 km} far removed from disturbed

regions

o Hyperbolic systex

MAVSTAR 6PS o Three-D location using e Zlectron density changes will
{71 obal 4 satellites not affect two-frequency users
-asitioning
Satellite) o 1200 and 1600 Wiz {two e Electron density changes in-
frequencies eliminate crease error budget for
First Satel- range ervor of fomo- single-frequency users
lite in May sphere)
1977 e Irregularities could cause
e Use of ionospheric model scin’illations which could
for a single-frequency prevent sync. acy. by unso-
user phisticated user

¢ Designed for Tow gain
omni-receive antenna

As a result of the broad range of possible effects cited above, it is
not possible to consider all of them at this point in time. Furthermcre,
it is likely that many of these effects will not actually materialize and,
thus, need not be dealt with--more work is necessary before it will be pos-
sible to know which of the effects must be dealt with. Thus, the remainder
of this section deals with the frequency allocation problem in general,
focusing or the center freguency and harmonics of the planned 2450 MHz power
beam frequency.

Frequency allocations are assigned by region as indicated in Figure

3.2. The United States with North and South America, Greenland and Hawaii



cman e | A PH

40°  Q20° 00 Mr GO

160°

1RO*

00 200 O

P

z

. nd

P .“‘

%

/”A//// Aﬁw/

A
s

\
/// .,

/
N\
/

34

THE SHADLD PART REPRESENTS THE TROPICAL ZONE
Figure 3.2 Frequency Allocation Regions

.,/////

'20‘

u‘.O‘

0(0




is located in Region 2.4 Frequency allocations are made with the concensus
of states within the allocation region. The frequency allocation procedure
is reviewed in Table 3.4. First, recommendations are made to the Federal
Communication Commission by the Joint Industry Government Committee, by pub-
lic common carriers, and by others. These recommendations are then forwarded
to the Department of State along with recommendations from the Office of
Telecommunications Policy and the U.S. study groups of the International
Radio Consultative Committee. Frequency allocations are then negotiated by
the Department of State in the form of a treaty at a meeting of the Interna-
tional Telecommunication Union (ITU). These meetings of the ITU are referred
to as World Administrative Radio Conferences (WARC).

5

The present frequency allocations for Region 2 are shown in Figure 3.3.

It is interesting to note that essentially the entire frequency spectrum to

Tadle 3.4 The Frequency Allocation Procedure

e Recormendations made to Federal Communications Comeission (FCC) by

- JI6C {Joint Industry-Government Cormittee)--Established by the Federal
Advisory Committee Act (5 U.S.C. §31-15)--composed of six working g-oups

W-A: Oefinitions and Terminology
We-8: Sharing Principles

We-C: Sharing Criteria

W6-D: Evolution and Requirements
WG-E: Nontechnical Implications
WG-F: Praocedures

- Public-Cosmon Carriers and others.

® Recommendations made to the Department of State by

- FCC
- OTP (0ffice of Telecommunications Policy)
- CC.R {U.S. Study Groups of International Radio Consultative Committee)

e Frequency allocations are made in the form of a treaty, negotiated by the
Department of State, at a meeting of the International Telecommunication
Union (ITU). Such a meeting of the (U is referred to as a wWorld Adminis-
trative Radio Conference (WARC).
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well above 10 GHz is presently allocated for various terrestrial purposes
and that a nusber of slots are presently allocated for various space purposes.
Figure 3.4 details the frequency allocation around the SPS center frequency.6
As noted above, the center frequency, 2450 MHz, is designated for industrial,
scientific and medical purposes in Regions 2 and 3 with a band of S0 MHz to
either side of the center frequency being protected. These frequencies are
also allocated to, and used extensively by, the fixed service which includes
the terrestrial microwave network. This network is already very extensive
and is placing constraints on present communication satellites with the re-
sult that greund station antennae are required to be located well outside
the center city areas. The total investment in the microwave network could
not be determined within the scope of this study; however, it is expected
to be at least as large as the total investment in satellite communication
equipment and it is quite possible that SPS could mpact much of this system.
The present frequency allocation around the second harmonic of the SPS
center frequency is shown in Figure 3.5.7 Again this frequency is allocated
to the fixed service. The spectrum slightly above the second harmonic is
allocated to radio astronomy purposes. This could be significant if radio
astronomers believe that the second harmonic 2f the SPS cenier freguency
will interfere with their work.

3.2 WARC 1977 and 1979

In any discussion of frequency allocation for SPS, it is important to
recognize two important meetings of the WARC. The first of these, WARC 1977,
convened on January 10, 1977. The agenda for this meeting was:

1. To establish sharing criteria for the bands 11.7 to 12.2 (Regions

2 and 3) and 11.7 to 12.5 GHz (Region 1) between broadcast satel-
lite service and other service including the vixed service, broad-

casting service, mobile service and the fixed satellite (space-to-
earth) in Region 2;
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ALLOCATION TO SERVICES

REGION 1 REGION 2 REGION 3
2300-2450 2300-2450
FIXED RADIOLOCATION
AMATEUR AMATCUR
MOBILE FIXED
RADIOLOCATION MOBILE (SEE NOTE)
2450-2500 245C-2500
FIXED FIXED
MOBILE MOBILE
RADTOLOCATION RADIOLOCATION
2500-2550 2500-2535
FIXED FIXED

MOBILE EXCEPT

AERONAUTICAL MOBILE

BROADCASTING-
SATELLITE

FIXED-SATELLITE
(SPACE-TO-EARTH)

BROADCASTING-SATELLITE

2535-2550

FIXED

MOBILE EXCEPT AERONAUTICAL MOBILE

BROADCASTING-SATELLITE

— SPS CENTER FREQUENCY
2450 MH2

NOTE: 2450 MHz IS DESIGMATED
FOR INDUSTRIAL, SCIENTIFIC
AND MEDICAL PURPOSES EXCEPT
IN ALBANIA, BULGARIA, HUNGARY,
POLAND, ROUMANIA, CZECHOSLO-
VAKIA AND USSR WHERE 2375 MHz
IS USED. EMISSIONS CONFINED
TO + 50 MHz OF CENTER
FREQUENCY.

Figure 3.4 Present Frequency Allocation--2300 to 2550 MHz
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ALLOCATION TO SERVICES

REGION 1 REGION 2 REGION 3
4700-4990
FXED
MOBILE
4690-5000 4990-5000 4990-5000
FIXED RADIO ASTRONOMY FIXED
MOBILE MOBILE

RADIO ASTRONOMY

RADIO ASTRONOMY

5000-5250

AERONAUTICAL RADIONAVIGATION

Figure 3.5 Present Frequency Allocation--4700 to 5250 MHz

—— SPS SECOND HARMONIC
4900 MHz



2. To plan for broadcasting satellite service

3. To establish procedures to govern use of these bands by the broad-
casting satellite service and other services.

During this meeting, principles to govern the management of the geostation-
ary orbit were discussed. These are discussed in more detail in Section
4.1.2.

A second important meeting of the WARC convenes on September 24, 1979
and will remain in session for about 10 weeks. Two important debates are
scheduled for this meeting: (1) regarding allocation of the geostationary
orbit and (2) allocation of the center frequency 2450 MHz and all of its
harmonics for industrial, scientific and medical purposes. Both of these
debates are key to the future of SPS. This meeting is also discussed fur-
ther in Section 4.1.2.

3.3 Survey of Existing and Projected Satellites and Equipments

The geostationary orbital arc occupancy present and planned is summar-

ized in Figure 3.6.9

It has been estimated by COMSAT that by the end of
the century some 50 satellites will be on orbit in the geostationary orbital
arc. The services which they will provide will be both extensive and vital
to the countries which they serve. In addition to communications, there
will pe weather service satellites, earth observation satellites, tracking
and data relay satellites, storm and disaster warning satellites and navi-
gation satellites to name a few. Clearly, the industrialization of space
has begui: with the exploitation of this important orhit.

Tne Intelsat system alone, as of December 31, 1975, is shown in Figure
3.7. It consists of satellites over the Atlantic, Pacific and Indian
Oceans and, as of the end of 1975, tied together 71 countries, territories

10

and possessions with 123 Earth stations in 97 locations. Investment in
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the Intelsat system is shown in Figure 3.8 as a function time. It is expec-
ted that the present Intelsat IV-A satellite system will be saturated by
1979.“ To obtain more channel capacity, Intelsat has embarked on a program
for developing and constructing its next generation of communication satel-
lites, the Intelsat V. These satellites will have a capacity of about
12,500 two-way circuits each and will incorporate not only the dual beam
concept of Intelsat IV-A but will also include repeaters in the new frequency
bands at 11 and 14 6dz, in addition to those in the present 4 and 6 GHz bands.
It will also incorporate the techniques of dual polarization. Seven Intel-
sat V satellites are scheduled to be manufactured by Ford Aerospace and
Communications Ccrp., four to be launched on the Atlas Centaur and three on
the Space Shuttle. The total cost of the Intelsat V program is estimated
to be approximately $450 million. The Intelsat ground station costs should
not be neglected as a part of the total system costs. In 1976 the cost of
2 ground station ranged from about $3.5 to $7.5 million.

Other communicatic . satellite systems scheduled for implementation
in Region 2 are shown in Table 3.5. Tl.ese inciude the Anik system which is
the Canadian Domestic System, the Westar System of Western Union, the RCA
Satcom, the COMSAT General/ATT System and the ATS Satellites. No doubt,
these systems will be augmented by a number of other systems in the future.
3.4 Conélusions

It is clear from the above analysis that SPS yill have to compete both
for its required frequency spectrum and for orbital arc space. Assurance
will have to be obtained that SPS will not produce intolerable amounts ;f
radio frequency interference nor unduly disrupt other services such as com-

munications, navigation, radiolocation and others. The requirements for
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Table 3.5 Other Commurications Satellite Systems (In Region 2)

System Remarks

[ ANIK Canacdian domestic system, 3 satellites in orbit. Net
value $91.9 mil” ‘on as ot December 31, 1975.

. WESTAR Western Union sys*om, 2 satellites in orbit. Initial
system, including ,r.en ground stations, estimated at i
$68.8 million lass incentives.

] RCA SATCOM RCA domestic system serving &8 states plus Alaska and
Hawaii, 2 satellites ir orbit. Approx‘mate investment
in systems is $180 million.

. comMsar Serves ATT. ATT has 4 earth stations and shares capa-

GENERAL/ATT city with GTE. GTE owns 3 earth stations, 2 satellites
in orbit. Now entering commerci:l service. Total in-
vestrent about $105 million.

. ATS NASA Application Technology Satellite. ATS-1 used for
communications in Alaska. ATS-6 used for direct broad-
cast at 2.25 GHz band for community reception {education,
health).

SPS to co-exist with other users in an rf environment that has been estab-
Tished over the past 70 or <o years are likely to place engineering demancs
upon the system., It appears, for example, that it will be nece:sary to
maintain the center frequency with very high precision and to minimize the
radiated power both in the center frequency harmonics and in the frequen-
‘jes to either side of the SPS center frequency. This could possibly mean
control of the SPS frequency to an accuracy of as much as one part in a mil-
lion. There might also be a need for a number of compromises between SPS
and other orbital arc users. One such type of compromise r'yhit be found in
the use of SPS platforms by other users. In fact, the viaLility of the SPS
concept may well rest in the ability to find equitable alternatives for tk»

communications and other orbital arc users.
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As indicated in this section and reiterated in Section 4, the meetings
of the ITU are key in obtaining the frequency allocation necessary for SPS.
As such it will be necessary to begin planning now the U.S. position for the
1979 WARC. By that time, the U.S. should have established a position rela-
tive to SPS and should negotiate for frequency allocations accordingly.

Finally, it should be observed that investment in various satellite
systems that will make use of the geosynchronous orbit are already extensive
and growing rapidly at an .ucreasing rate. It will be necessary to regulate
the growth of these systems in such a way that implementation o7 the SPS is
not precluded due to the space activities to take place over the next 2¢
years.
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4. SPACE RIGHTS

Some of the potential barriers to SPS development lie in areas of in-
ternational law, the law of outer space, and international policy formulation.
This section examines four main issues:

1. Legal aspects of use oi *he geostationary orbit by satellite power
systems

2. Impact of the 1967 Outer Space Treaty on the use of cuter space
for orbital power generation

3. Legal status of establishment and operation of satellite power
systems by private sector entities

4. Permissibility under existing internatiornal space law of estab-
lishing weapons systems in orbit to protect solar power satellites
from attack.

The basic conclusion of this section is that the existirg principles

of space law present no fundamental impediments to the development and imple-
mentation of a satellite power system; however, clarification of many ambi-
guities could create a more favorable enviromment for SPS. It is also true
that these principles favor the SPS more if it is developed, constructed and
operated within the context of an international organization rather than by
one nation alone. No obstacle to the use of geosynchronous orbit by SPS

was found, but the limited space available in this orbit and possible crowding
for other uses could pose a problem. In the assignment of orbital positions
for SPS, consideration must be given to the rights and demands of nations

not presently active in space, particularly as these rights are protected by
the 1967 Outer Space Treaty. It was concluded that construction and opera-
tion of SPS by private sector entities is legal under existing spate law.
However, in so doing, these entities are acting as an arm of the governmeat

of the peopie they serve and that government assumes all responsibility and



liability with respect to the system. Finally, existing space law appears to
permit on-orbit military proteciion of SPS satellites so long as the military
systems used do not include nuclear weapons or weapons of mass destruction.
Beyond tk.s analysis of existing space law, a number of identifiable trerds
can be observed. It should be cautioned that the legal enviromment for SPS
could change significantly over the next 20 yzars.

4.1 Legal Aspects of Use of the Geostationary Orbit by Satellite Power
Sys .ems

Nearly all conceptual designs for satellite power systems are based on

use of the geostationary orbi:.'

The reasons for selection of that approach
are threefold. First, the use of geostationary satellites would minimize
the cost and complexity of ground receiving stations by eliminating the need
for a steering mechanism to track satellites moving a~ong nongeostationary
orbital paths. In light of the prcjected large size of the receiving an-
tennas, systems based on the use of polar orbiting sateliites may be infea-

sible.2

Second, the continuous use of a limited set of ground stations
would minimize both the total system cost and the danger that the microwave
or laser beam conveying to Earth the power products generated in orbit would
spill over into areas surrounding the reception sites, potentially causing

physical hann.3

Third, a geostationary satellite would be capable of sup-
plying an essentially continuous supply of energy. Solar arrays operating
either on the Earth's surface or in polar orbit would be cut off from the

sun during a significant portion of each time segment. In contrast, a sat-
ellite in geostationary orbit would be continuously irradiated by the sun,
except for a sho-t period near each vernal and autumnal equinox.4 Conse-
quently, both experimental and operational satellite power systems are likely

to utilize the geostationary orbit.
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Both the present state of the international law of outer space and the
character of the geostationary orbit as a Yimited natural resource subject
to a wide range of potentially conflicting uses raise issues relating to the
utilization of the orbit. Relevant international law is embodied primarily
in the 1967 Treaty or Principles Governing the Activities of States in the
Exploration and Use of Outer Space, Including the Moon and Other Celestial
Bodies.5 To date, international discussions relating to the management of
the geostationary orbit have occurred primarily under the auspices of the

International Telecosmunication Union (ITU).

4.1.1 The Quter Space Treaty and Utilization of the Geostationary
Orbit by Satellite Power Systems

1. Article I

The 1967 Quter Space Treaty contains three main provisions which will
affect utilization of the geostationary orbit by sateliite power systems.
First, Article I, which establishes the most basic principles governing
activities in outer space, provides:

The expioration and use of outer space, including the moon and
other celestial bodies, shall bz carried out for the benefit and in
the interests of all countries, irrespective of their degree of eco-
nomic or scientific development, and shall be the province of all
mankind.

Outer space, including the moon and other celestial bodies, shall
be free for exploration and use by all States without discrimination
of any kind, on a basis of equality and in accordance with interna-
tional iaw, and there shall be free access to all areas of celestial
bodies.

There shall be freedom of scientific investigation in outer space,
including the moon and other celestial bodies, and States shall faciii-
tate and encourage international co-operation in such investigation.

a. Article I(1): The “Common Interests” Clause. Paragraph 1 raises

two main issues: first, whether this provision constitutes a binding contrac-

tual obligation or s merely a declaratory of general objectives, and second,
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the meaning of the phrase "for the benefit and in the interests of 211 coun-
tries.” Related to the former is the question of whether the provision is
self-executing. Some authorities argue that although the so-called “common
interests” clause of Paragraph 1 embodies one of the broadest and most fun-
damental principles upon which the outer space regime is founded. its breadth
precludes direct application. Consequently, other, more limited, expressions
of international consensus are required to give this provision enforceable
form. Hence, pending agreement on specific operative principles elaborating
the fundamental policy of Article I(1), the use of outer space--and therefore
of the geostationary orbit--is permitted under Article I(2), provided it is
peaceful in nature.6
A contrary conclusion is reached by a number of other authorities who
take the position that the language of Article I(1) is as binding as any
other provision of the treaty. Two main reasons are advanced to support
this proposition. First, during consideration of the text of the provision
in the fifth session of the Legal Sub-Committee of the Committee on the
Peaceful Uses of Quter Space (CPUOS), a proposal to delete the phrase "for
the benefit and in the interests of all countries” from Article I and place

7 similarly, the draft of Article I(1) was

it in the preamble was rejected.
modified when the words "irrespeciive of their degree of economic 0: scien-
tific “evelopment” were moved on the basis of a consensus from initial posi-
tion in the preamble to their present position following the "common interests"
clause, because the developing countries advocated inclusion of the latter

phrase as part nf the binding treaty commitment.8 Thus, it may be inferred

that the drafters intended Article I(1) to be binding. Second, even if the
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provision is considered non-self-executing and the effectiveness of the limi-
tation is thereby somewhat diminished, its binding character is not impaired
and the legislative or executive acts necessary to imnlement the binding
provision are nonetheless mandatory for all parties to the treaty.9
The content of the phrase "for the benefit and in the interests of all
countries” in Article I(1) is also open to dispute. Some authorities take
the position that the treaty's admonition to use outer space for the benefit
of all members of the international community constitutes no more than a
duty upon each member not to misuse outer space in a way which could dimin-

10 Under that construc-

ish the value of space activities to other members.
tion, unilateral use of an orbital slot would not violate Article I(1),
since space shuttle technology and the potential ability to remove inopera-
tive satellites from orbit emphasizes the character of the geostationary
orbit as a renewable resource which is nondepletable in any permanent sense.

Others have taken the closely related position that the phrase means
that the use of space objects should not be detrimental to the interests of
other countries, including nationai security, public order and sovereignty
over natural resources which are protected under international law.n How-
ever, in contrast to other pntential uses of the geostationary orbit, the
use of space for solar power generation does not affect any of those

essentially terrestrial 1’nter'ests.]2

The third possible interpretation

would impose or space powers the obligation either to permit other countries
to use the former's space vehicles or to share the financ.al benefits of its
space activities. Arguments supporting this position have been raised in

the discussions of the CPUOS Legal Sub-Committee relating to the direct broad-

13

cast and earth resources satellites. To date, that approach has received
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little direct international support.‘4 Nonetheless, a similar approach re-
lating to the exploitation of resources in another area located beyond the
limits of national jurisdiction, the deep seabed, has received substantial
support during the present series of United Nations Conferences on the Law

of the Sea. '

Although a scheme for licensing exploitation of the orbit and
distributing the proceeds equitably among the members of the international
community has been proposed, current developments in space law and the law
of the sea suggest that final agreement on such an arrangement is not likely
to occur in the near future.

An analysis of trends in the interpretation of Article I(1) as it ap-
plies to the utilization of the geostationary orbit indicates a number of
conclusions. First, as an operative element of a treaty, Article I(1) is
binding upon all states which are parties to the treaty. Second, the con-
tent of the "common interests" clause is unclear and therefore requires
further elaboration. As a result, the clause may be ccnsidered non-self-
executing for purposes of developing a satellite power system. Third, al-
though the clause's content is unclear, at a minimum it imposes a duty upon
states not to use outer space in such a way that either the earth-bound
interests of other states, including national security, are jeopardized or
the potential interests of the latter in the exploration or use of outer
space are diminished by depletiun or complete use of space resources, in-
cluding the geostationa‘y orbit. Finally, although the upper limit of the
"common interests" requirement is unclear under existing space law, Article
I(1) does not require space powers to share either their space vehicles or
the profits derived from space activities with nonspace powers. From these

conclusions, it appears to us that Article I(1) and its requirement that outer
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space be used "for the benefit and in the interests of all countries" would
not inhibit plans to use a segment of the geostatiorary orbit for the pur-
pose of satellite power generation.

b. Article 1(2): The "Free Use" Clause. The second paragraph of

Article I, which embodies the principle of the free exploration and use of
outer space, also bears upon the utilization of the geostationary orbit.
Because of its policy of promoting space activity, Article 1(2) has played an
important role n the protection of space initiatives against unnecessary
restrictions. In particular, the "free use” principle has provided the
conceptual basis for resisting arguments that activity in outer space is
unlawful in the absence of clear and convincing evidence that it is being
conducted “for the benefit and in the interest of all t:ountries."]6
Although the "free use" is one of the key principles of the Outer Space
Treaty, and is sufficiently broad to sustain the right of states to conduct
activities in outer space free from claims of sovereignty of subjacent
states, it is not unlimited. In addition to the prohibitions of Article II
relating to nonappropriation and Article IV dealing with the stationing of
nuclear weapons in outer space, the "free use" principle is subject tec the
limitations imposed by Article IX on activities likely to contaminate either
outer space or Earth.]7
Similarly, Article I(2) must be read in the context of the "common in-
terests” clause of Article I{1) with the result that the advantages to be
derived from rapid development of the geostationary orbit must be balanced
against the requirement that the development be carried out in a manner
beneficial to all members of the international community. In that combina-

jon, the "free use" clause creates a tendency to limit the potential inhib-

iting effect of a restric:ive construction of Articlz I(1). As applied to
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the use of the geostationary orbit, Article 1(2) tends to shift construction
of Article I{1) toward the minimal duty to avoid conducting space activities
in a manner detrimental to the interests of nonparticipating states as de-
scribed above.

2. Article II

The provision of the Outer Space Treaty which affects utilization of
the geostationary orbit most directly is Article II, which provides:

Outer space, including the moon and other celestial bodies, is

not subject tu national appropriation by claim of sovereignty, by

means of use or occupation, or by any other means.

The language of Article [l raises three main issues with respect to
the use of the orbit:

1. The subject matter to which the prohibition applies

2. The meaning of the term "appropriation"

3. The validity_of “appropriation” by entities other than national
governments. 8

In theory, a satellite power system could "appropriate" both the sun's
energy and a segment of the geostationary orbit. With respect to solar
energy, the prohibition should not apply. One of the primary purposes of
Article 11 is to implement the "free use" policy of Article 1(2).]9 Article
IT1 must therefore be construed to promote rather than inhibit t..e explora-
tion and use of outer space. Nearly all satellites presently in service or
planned for the near future will depend on conversion of the sun's energy to
electrical power for use in the operation of their respecti.e payloads.
Large-scale use of alternative energy sources by satellites may be imprac-
tical. As a result, application of the Article Il prohibition to the use

of the sun's energy would sharply limit the scale, duration, and, hence,
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the economic viability of space development projects. Further, in the ab-
sence of special circumstances, enforcement of Article II against the “appro-
priation” of essentially inexhaustible space resourc s would serve little
purpose.zo and should be avoided in favor of the "free use" principle.

Since the same policy considerations apply io conversion of solar energy for
use on Earth as well as for use by satellites in orbit, Article II probably
does not limit the use of solar energy by satellite power systems.

In contrast, use of a particular segment of the geostationary orbit is
urdoubtedly subject to the terms of Article II, especially in light of its
function of providing support to the "free use" principle. A satellite
power system would occupy a particular slot in the geostationary orbit.

21 and other

Because of the projected dimensions of a solar power satellite
considerations, the size of the orbital slot required for safe operation may
be greater than that required for existing communications or meteorological
satellites. In addition, other factors suggest the need for safety zones
similar in concept to those established for installations engaged in exploi-
tation of the resources of submarine areas.22 Although the Article II pro-
hibition clearly applies to the appropriation of a particular orbital slot,
the determination of the validity of placing a solar power satellite in
geostationary orbit is dependent on the meaning of the term "appropriation”
as used in Article II.

Professor Gorove's analysis of the concept of "appropriation" suggests
the existence of two subsidiary elements:

1.  Exclusive use

2. Relatively permanent use, including consumption.23
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It has been argued that since use of a particular orbital slot by a geosta-
tionary satellite is temporary, the requirement of permanence is absent and
the use of the orbital slot cannot be considered an "appropriation" within
the meaning of Article II.Z& Other authorities conclude that national use
of particular segments of the orbital arc deprives other states of the oppor-
tunity to use the same area and thereforg constitutes appropriation through

25

occupation. The key issue is the permanence of the use. Evaluation of

the econonic viability of a satellite power system is based on the assump-

26 a1though that

tion that the system would operate for up to thirty years.
period is lengthy, it does not indicate the permanence necessary to invoke
the prohibitiens of Article II. However, longer periods could exceed the
ait and come within the purview of Article II.
The third issue relates to the identity of the system operator. Arti-
cle II prohibits only national appropriation, suggesting that even permanent
use of an orbital slot by international organizations or commercial entities

27 Consequently, a com-

would not constitute a violation of that provision.
mercial consortium would nct be prohibited under Article Il from maintaining
a solar power satellite in a particular orbital slot for an indefirite period.
Similarly, subject to esctablishment of a clear distinction from other types
of organizations, an "international" organization would not be prohibited
either from operating a similar system cr allocating orbital slots among

its members. For that reason, the activities of the International Telecom-

munication Union described in Section 4.1.2 relating to the management of

the geostationiéry orbit do not violate Article II.
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Two potential limitations on these conclusions should be noted. First,
if an entity were established which, although commercial ir form, was ess.n-
tially under the control of the government of the country in which it is
organized, permanent use would constitute national, as distinguished from
nonnational, appropm‘ation.28 Second, dispute has arisen regarding the
minimum standard for an international organization which would be implicitly
exempted from the rule of nonappropriation. Professor Jenks has argued that
only the United Nations as a representative of the whole international com-

munity should be exempt.29

Presumably any intergovernmental organization
of relatively universal membership satisfies the minimum standard. However,
some question remains regarding the exemption of an organization composed of
a limited number of governments.30

Thus, the Article Il prohibition against the appropriation of outer
space applies to exclusive use of a segment of the geostationary orbit. How-
ever, the prohibition does not apply to the activities of either nongovern-
mental entities or relatively comprehensive international organizations.
The implications of the nonappropriation provision for satellite power sys-
tems are further limited by the conclusion that since the use contemplated
is not permanent, exclusive use for a limited period of time would not con-
stitute "appropriation" as that term is used in Article IlI. Hence, we
believe that regardless of the operating entity's institutional structure,
it can expect to conduct power generation activities in goestationary orbit
without concern that its action violates Article II.

3. Article IX

Article IX, the third provision of the Outer Space Treaty which is

likely to affect the utiiization of the geostationary orbit, provides in

part:
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In the exploration and use of outer space, including the moon and
other celestial bodies, States Parties to the Treaty shall be guided

by the principle of cou-operation and mutual assistance and shall conduct

all their activities in outer space, including the moon and other celes-
tial bodies, with due regard to the corresponding ianterests of all

other States Parties to the Trraty....If a State Party to the Treaty has

reason to believe that an activity or experiment planned by it or its
nationals in outer space, including the moon and other celestial bodies,
would cause potentially harmful interference with activities of other
States Parties in the peaceful exploration and use of outer space, in-
cluding the moon and other celestial bodies, it shall undertake appro-
priate international consultations before proceeding with any such
activity or experiment. A State Party to the Treaty which has reason
to believe that an activity or experiment planned by another State
Party in outer space, including the mocn and other celestial bedies,
would cause potentially harmfu' interference with activities in the
peaceful exploration and use of outer space, including the moon

other celestial bodies, may request consultation concerning the

or experiment.

Like Article 1I, Article IX operates as a limit on the “free use" p. PR
of Article I(2). Under the terms of Article IX, national space activities
may not be carried out without taking into account the interests of other
states.3l That limitation is particularly relevant to the use of the geo-
stationary orbit, where the problem of conflicting uses is complicated,
first, by potential interference among satellites which are located in
proximity to one ancther, and secend, by disputes between countries which
intend to use a particular orbital slot in the present or near future and
countries which plan to use the same slot in the more distant future and
which are therefore concerned about preserving their future interests. In
ar effort to promote resolution of these potential conflicts, Article IX

32

provides the basis for consultation among the concerned parties. The

general policies of Article IX are applied to the utilization of the geosta-

tionary orbit by the inte national Telecommunication Convention and the Radio

Regulations periodically revised by 1TU conferences.
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4.1.2 Activities of the International Telecommunications Union Affect-
ing the Utilization of the Geostationary Orbit

International debate regarding the practical application of Articles I,
I1 and IX of the Quter Space Treaty to the task of managing the geostationary
orbit have occurred primarily at the World Administrative Radio Conferences
convened by the International Telecommunication Union (ITU) for the purpose
of regulating global telecommunications activity and accommodating conflict-
ing uses of the electromagnetic spectrun. During the past fifteen years,
the ITU has also developed an interest in the management of the geostation-
ary orbit.

That interest is based beth on the special characteristics of the orbit
which make it particularly valuable for communications satellite applications
and on the character of the geostationary orbit as a limited natural resource.
Some experts argue that if rmutual interference is to be avoided, the number
of satellites in geostationary orbit must b2 limited to 180.33 Others con-
tend that the spacing of satellites could be diminished, leaving only the
necussary safety margin to ensure avoidance of collision, with the result
that the capacity of the orbit could be increased to nearly 1800 sate]h‘tes.34
However, in crder to ensure avoidance of mitual interference under the pres-
ent state of conmunications satellite technology, che spacing must be in-
creased beyond the minimum necessary to prevent collision, satellite-satellite
occultations, radio interference, etc. Thus, although the maximum capacity
is dependent on a number of technical variables, including frequency stagger-
ing, signal pelarization, signal format, location of earth stations and
transmission power, and, henc2, ca.not be precisely calculated, the gessta-

tionarv orbit must be considered a limited resource.35
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The 1959 ITU Radio Regulations which govern the use of the electromag-
netic spectrum have been periodically revised to respond to developments in
satellite communications. In 1963, the ITU convened the Extraordinary Admin-
istrative Radio Conference in Geneva to allocate frequencies for use by
satellites. Although the Racio Regulations were partially revised,>® the
conference did not alter the historical practice of permitting individual

37 Ihus, the tradi-

states to assign transmission frequencies unilaterally.
tional "first come, first served” approach was extended into the realx of
satellite communication, where it applies both to the allocation of fre-
quencies and to occupation of orbital "parking slots™ by communications

satellites.

Since that approach gives an obvious advantage to those tech-
nologically advanced states which are presently capable of establishing geo-
staticnary satellite systems, less developed states began to exert pressure
to preserve future interests in use of the orbit against saturation by more
developed countries.39
During the following eight years, utilization of the orbit grew drama-
tically, causing increased concern among nonspace powers. Against this
background, the ITU convened the 1971 World Administrative Radio Conference
for Space Telecommunications (WARC-ST) in Geneva. In opposition to proposals
that the ITU should allocate not only frequencies but orbital slots as well,
the United States arqgued that regulation of the orbit would inhibit its de-
velopment as a natural resource.40 The strength of the opposition and other
complications resulted in the general preservetion of the status quo.4] None-

theless, some progress was made toward the accommodation of the conflicting
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interests of states at various stages of economic and technological develop-
ment. Article 9A of the Radio Regulations was revised to establish a mechan-

ism for coordinating use of the geostationary orbit;.‘2

Section [ requires a
government which intends to establish a satellite system to convey to the
International Frequency Registration Board (IFRB), the entity responsible
for management of the international use of the electromagnetic spectrum,‘3
within five years prior to commencement of service, information defined in
Appendix 1B of the Radio Regulations =elating to the characteristics of the
system's satellites and earth stations, including orbital information. In
particular with respect to geostaticnary satellites, Section Il requires any
government considering the use of the orbit to coordinate the planned use--
prior to notification of the IFRB under Section I on commencement of service--
with any other government which has registered an assignment in the same band
with the IFRB or which is engaged in or has completed coordination procedures
under this section. To facilitate coordination, the former is to supply the
information defined in Appendix 1A of the Regulations. The purpose of this
coorcination procedure is to promote resolutior of potential conflicts prior
to commencement of system construction.

Another element of the effort of delegates to the WARC-ST conference to
resolve conflicts regarding management of the orbit is embodied in Resolu-
tion Spa 2-1, which reflected the concern of nonspace powers regarding the

management of the orbit. In part the resolution provides:

The World Administrative Ratio Conference for Space Telecommuni-
cations (Geneva, 1971),

considering

that all countries have equal rights in the use of bcth the radio
frequencies allocated to various space radiocommunication services and
the geostationary satellite orbit for these services;

taking into account
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that the radio frequency spectrum and the geostationary satellite
orbit are limited natural resources and should be most effectively and
economically used;

having in mind

that the use of the allocated frequency bands and fixed positions
in the geostationary satellite orbit by individual countries or groups
of countries can start at various dates depending on requirements and
readiness of technical facilities of countries;

resolves
1. that the registration with the ITU of frequency assignments for
space radiocommunication services and their use should not provide any
permanent priority for any individual country or groups of countries
and should not create an obstacle to the establishment of space systems
by other countries....

The linkage between the revised version of Article 9A and Resolution Spa

2-1 is embodied in Resolution Spa 2-2 which reiterated the importance of
achieving the best possibie use of the geostationary orbit and the frequency
bands assigned to the broadcasting satellite service, and which called upon
participating governments to estahlish and operate satellite broadcasting
systems in accordance with plans established by general and regional confer-

44

ences in which affected states are entitled to participate. Although not

binding on the parties to the International Telecommunication Conventicn,45
the resolutions expressed a broadening consensus among participating delega-
tions and emphasized the fact that the Radio Reguiation does not provide
permanent pr.tection to spectrum and orbital assignments for space broad-
zasting services.46 However, the resolutions did not allay the concern of
nonspace powers that present space activities will saturate the most desir-
able segments of the orbi.al arc.

The third phase of the ITU's consideration of the problem of allocating
the geostationary orbit among potentially conflicting uses occurred at the

Plenipotentiary Conference of the ITU which was held in September and C-to-

ber 1973 in Torremolinos. The basic purpose of the conference was to
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evaluate and, if necessary, revise the ITU's fundamental structure and func-

tions. In addition, the question of orbital slot allocation was included in

the ageﬂda.‘7 In that context, the Israeli delegation prcpcsed to modify

the International Telecommunication Convention48 to authorize ITU 217-:-tion

of poth the frequency spectrum and geostationary orbital slots as a means of

49

ensuring equitable access by all parties. Although the Israeli proposal

did not receive the support required for adoption, the Plenipotentiary Con-
ference amended the listing of the duties to be performed by the IFRB con-
tained in Article 10 of the Convention to add relatively undefined responsi-
bilities relating to the geostationary orbit. In revised form, Article
10(3) provides:

The essential duties of the International Frequency Registration
Board shall be:

a) to effect an orderly recording of frequency assignments made
by the different countries so as to establish, in accordance with the
procedure provided for in the Radio Regulations and in accordance with
any decision which may be taken by competent conferences of the Union,
the date, purpose and technical characteristics of each of these as-
signments, with a view to ensuring formal international recognition
thereof.

aa) to effect, in the same conditions and for the same pur-
pose, an orderly recording of the positions assigned by countries
to geostationary satellites;

b) to furnish advice to Members with a view to the operation of
the waximum practicable number of radio channels in those portions of
the spectrum where harmful interference may occur, and with a view to
the equitable, effective and economical use of the geostationary satel-
lite orbit;

c) to perform any additional duties. concerned with the assign-
ment and utilization of frequencies and with the utilization of the
geostationary satellite orbit, in accordance with the procedures pro-
vided for in the Radio Regulations, and as prescribed by a competent
conference of the Union, or by the Administrative Council with the
consent of a majority of the Members of the Union, in preparation for
or in pursuance of the decisions of such a conference....(emphasis added)
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In essence, the IFRB was instructed to record use of orbital slots on the
same basis as frequencies for space services.

Although the revised version of Article 10 authorized recording of
orbital use, the basic "first come, first served” approach was not altered.
However, in order to preserve the interests of nonspace powers, the Plenipo-
tentiary Conference also revised Article 33 to provide:

Rational Use of the Radio Frequency Spectrum and of the Geostationary
Satellite Orbit

In using frequency bands for radio space services, Members shall bear

in mind that radio frequencies and the geostationary satellite orbit
are limited natural resources, that they must be used efficiently and
economically so that countries or groups of countries may have equitable
access to both in conformity with the provisions of the Radio Regula-
tions according to their needs and the technical facilities at their
disposal.>0

Read in combination, the revised version of Articles 10 and 33, which
became effective January 1, 1975, lead to a series of conclusions regarding
the status of management of the geostationary orbit:

1. Countries are entitled to utilize the geostationary orbit and
obligated to record such use with the IFRB.

2. At least during the period of active use of an orbital slot, the
system operator is protected against harmful interference from
subsequently established systems by the coordination requirements
of Article 9A.

3. The system operator is not entitled to permanent utilization of
any particular orbital slot.

4. Governments operating geostationary satellites are required to
conduct their operations in such a way as to permit equitable
areas to orbital slots by other governments subsequently estab-
lishing communications systems based on the use of geostationary
satellites.

At the 1977 World Administrative Radio fonference for the planning of

the broadcasting-satellite service in the 12 GHz band (WARC-BS), principles

to govern the management of the geostationary orbit were discussed. During
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the debates,SI

Colombia and other equatorial states raised the question of
national sovereignty over the geostationary orbit. At the 1975 session of
the First Committee of the General Assembly, Colombia had asserted that the
geostationary orbit is a natural resource over which equatorial states are
entitled to exercise sov2areign rights in relation to the segments of the arc

52 Similar contentions had been

53

located over their respective territories.
incorporated in the Bogota Declaration of December 3, 1976. The states
which supported that document raised the question at WARC-BS and stated
their opposition to allocation of orbital slots in an effort to promote inter-
national recognition of national jurisdictional control. Recognition of that
approach would permit the equatorial states to control access to the orbit,
most likely on a licensing basis. Conflicts with the "free use" principle of
Article I(2) and the Article II prohibition against appropriation as well as
the low level of support from nonequatorial states suggest that the estaolish-
ment of an international consensus on this approach is unlik2ly. But the likely
result in the long run is not reinforcement of traditional sovereignty claims
(albeit temporary) by nonequatorial states, but a trend towards internationali-
zation of decision making.

The remaining delegations divided their support between development of an
a priori plan and evolutionary planning for orbital slot and frequency alloca-
tion. Under the first approach, a comprehensive plan coverinc a1l aspects of
the allocation question would be developed in an attempt *5 acccrmcdate to the
maximum possible extent the whole set of needs foresee- ', ihe period covered by

the plan.54

In contrast, under evolutionary planning, system design and deploy-
ment would be undertaken within limits imposed by a series ot general sharing
principles and would be based on prior consultations with other governments

whose existing systems could be affected by the establishment of new systems.
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Under that approach, no advance assignments of orbital slots, frequencies and
signal polarizations are made, permitting actual use to benefit from advancing
technology.55

The a priori approach enjoyed substantial support from a significant
number of nonequatorial states in Regions I and III. The United States led
another bloc of states, including Canada and Brazil, which opposed a priori
planning, supporting instead various forms of evolutiorary allocation for Re-
gion II. When the WARC-BS ended, no a priori plan was approved for Region II,
but a conference of Region II countries, including North and South America and
the Caribbean states, was scheduled for 1982, at which a "detailed plan® is to
be considered.56 Thus, th2 conference did not significantly alter the existing
regime with respect to the use of the geostationary orbit by the United States,
Canada and Latin America. However, techrological advances are likely to result
in increased pressure to preserve rights of access for states which do not yet
possess the capability to operate satellite systems.

In June and July 1976, the Administrative Council of the ITU met in
Geneva to determine, among other things, the agenda for the 1979 World Admin-

istrative Radio Conference. In its present form,s7

the agenda calls for the
review and, if necessary, revision of Articles 9 and 9A relating to the co-
ordination, notification and recording of frequency assignments.58 As noted
above, Article 9A establishes proceduras for coordinating use of the geosta-
tionary orbit.59
In the context cf discussions of Article 9A, the issue of allocating
orbital slots is likely to be raised. Participating delegations are expec-
ted to align themselves along the lines drawn at the WARC-BS. Thus, we would

expect that equatorial states will continue to press their claims that the
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geostationary orbit is a natural resource subject to the sovereign control
of individual countries which lie along the equator. The nonequatorial
developing countries and those which are considered developed but which do
not yet possess the capability to operate sophisticated satellite systems
could be expected to press for adoption of a comprehensive frequency and
orbital siot allocation plan which would ensure future access to segments of
the geostationary orbit suitable for national or regional use. The United
States and oth.r space powers are likely to continue their support of evolu-
tionary plannirg irn order both to ensure maximum use of the orbit and to
incorporate technological advances into the allocation scheme as rapidly a<
they occur.

The debate will be given a sense of urgency by intervening communica-
tions satellite experimentation and the evolution of planning for operational
domestic, regional and global satellite networks. Canadian and American ex-
perimentation using the ATS-6 and CTS systems will focus on >pplications of
geostationary, high-power broadband satellite transmissions in conjunction
with small terrestrial receiving terminals.so In addition, experimental
activities by the European Space Agency (ESA) and the Japanese National
Space Development Agency (NSDA) are expected to demonstrate the utility of
new applicatioas.sl

These experimental activiiies will provide the basis for expanded oper-
ational use of geostationary communications satellites. Significant expan-
sion of the Intelsat network and deployment of new Intelsat V satellites are
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projected. On the regional level, the Arab League's Telecommunications

Union is considering establishing a system based on geostationary satellites
for the provision of broadcast and telephone services to each member country.63

Expanded Domestic Systems are either under development or in the planning



phase in the United States, Canada, Indonesia, Iran and Japan. In addition,
a number of countries, including Algeria, Zaire, Brazil, Nigeria and Norway,
have leased or are considering leasing tiarsponders from Intelsat for dedi-
cated use in domestic systems.64

Increases in existing and planned use of the geostationary orbit for
communications and other purposes will provide impetus for the 1979 WARC de-
bate regarding allocation of the geostationary orbit. Because of the kav
role played in the existing law of outer space by the “free use" principle
of Article I(2) and the nonappropriation principle of Article II, and in
light of the potential economic and social value of the proposad satellite
applications based on the use of the geostationary orbit, the claims of
equatorial ste. - to sovereign control over large segments of the orbit
will not easily receive broad international recogrition. A struggle is
likely to take place between comprehensive advance allocation of frequency
and orbital slots and allocatinn according to actual use, taking into account
existing systems and advancing technology.

Current positions and trends of discussion indicate that although sub-
stantial discussion of the probiem will occur at the 1979 WARC, no definitive
solution will be reached, because of the strength of the competing interests
involved. Proposals for both a priori and evolutionary planning are likely
to be referred for consideration to regional conferences. After considera-
tion there, the resulting recommendations will probably be reexamined at a
general WARC in the mid-1980s. Debates at the 1970 WARC and subsequent con-
ferences are likely to reveal a trend toward the assicnment within each
region of orbital segments dedicated to individual communications services.

Within each segment, each country would be assured equitable access to
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orbital slots, but no specific frequency or orbital slot allocations would
be made in advance of actual use. Despitg a trend toward that approach,
complicating factors including noncommunications applications such as satel-
lite power generation are likely to delay establishment of an effective com-
promise among competing interests.

Thus, the impact of the 1979 WARC on the development and establishment
of satellite power systems is eapected to center on identification, first, of
the problems of coordinating potential uses of the geostationary orbit to
avoid mutual harmful interference, and second, of the competing interests
of equatorial, developing and developed countries in the use of the orbit.

In particular, since satellite power systems are not likely to be operational
prior to 1995 and therefore are dependent on long-term orbital management
activities, it is anticipated that the 1979 WARC will emphasize the impor-
tance of preliminary planning and evaluation of future orbital requirements
for satellite power systems in order io ensure that future conferences take
into account both the need to establish such systems and, if established,
their projected orbital requirements.

4.2 Satellite Power Systems and the 1967 Outer Space Treaty

The second major set of issues affecting the legal status of satellite
power systems centers around the basic principles of international space law
as embodied in the 1967 Outer Space Treaty. Closely related to the discus-
sion in Section 4.1 of international lega” r‘rciples governing the utiliza-
tion of the geostationary orbit for all peace..l purposes, the present
section focuses on the norms as they affect the use of outer space for the

specific purpose of power generation.
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4.2.1 Article ]
As noted in Section 4.1.1, Article I presents two main issues:

1. The existence of a binding obligation to explore and use outer
space “"for the benefit and in the interests of all ccuntries...;"

2. The content of the declaration that outer space "shall be free for
exploration and use by all States without discrimination of any
kind...."

Assessing the impact of Article I on the use of the geostationary orbit,
Section 4.1.1 concluded that it imposes on states engaged in space activi-
ties a duty not to use outer space in a manner which would jeopardize either
the earth-oriented or space-oriented interests of other states. Further,
space powers are not required under the existing law of outer space to share
either their space initiatives or the profits of such ventures with other
states. The same principles apply to the use of outer space for the purpose
of power generation.

As presently conceived, a satellite power system would not adversely
affect a state's sovereignty over its natural resources, its political,
social, cultural and economic self-determination or domestic order among its
citizens. Those interests would not inhibit establishment and operation of
a satellite power system. A second potential concern could arise among
energy-producing countries that the establishment of such systems by energy-
consuming countries could undermine the economies of the former. However,
as suggested below in Section 4.2.3, international law does nct protect
countries against either economic competition or economic pressure.

More substantial concerns could arise in other areas. A system based
on the use of a laser transmission beam could jeopardize the national secur-

ity of other countries, because of the potential military apph‘cations.65
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However, use of power satellites as weapons would probably contravene the
Article IV ban on the stationing of weapons of mass destruction. Protection
acainst that eventuality would therefore not be dependent on the more
general provision of Article 1. The transmission beam ~ould also traverse
the airspace and therefore encroach upon the territorial integrity of non-
participating states. That possibility could be avoided, first, through
careful system design, and second, through consultation with potentially
affected states as provided in Article IX. Similarly, the possibility of
environmental degradation affecting air, water and land areas, as well as
associated human and wildlife must be avoided through the same procedures.66
The potential for interference of the transmission beam with the radio
commmunications of other countries could oe avoided either under procedures
established in the International Telecommunication Convention and the Radio
Regulations or under the consultation procedures of Article IX.67
In addition to the questiens relating to the interpretation of Article
I discussed in Section 4.1.1 above, an assessment of that provision's im-
pact cii the use of outer space for the specific purpose of satellite nower
generation raises a set of issues centering around the argument that Article
I(1) requires states to use outer space "for exclusively peaceful purposes."68
Assuming for the purposes of this subsection that the Article I(1) require-
ment that outer space be vsed "for the benefit and in the interests of all
countries" contains within it the requirement that outer space be used "ex-

69 the main point of contention is the

~lusively for peaceful purposes,"”
meaning of the latter phrase. Regardless of their respective positions on

the question of content, authorities agree that the main interpretational
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alternatives are limited to two: ‘“peaceful uses" can be defined either as
"nonaggressive uses," leaving open the possibility of t'- e of outer
space for defensive military purposes, or as "nonmilitary uses," excluding

both aggressive and defensive actiy'ties.70

However, satellite powar gener-
ation, as distinguished from the use to which the resuitant power is put,
is neither aggressive nor defensive as those terms are used in a military
context. Consequently, the act of producing power in orbit complies with
the proposed interpretation of Article I(1) that requires outer space to be
used exclusivelr For peaceful purposes.
4.2.2 Article 11
The implications of Article Il for satellite powe- generation activities

are limited to the potential apprroriation both of a segment of outer space
corresponding to the orbital slot and of solar energy. As indicated in Sec-
tion 4.1.1 above, the Article Il prohibition should not be applied to use of
solar energy because of its essentially inexhaustible character. In addi-
tion, Article II is not likely 10 inhibit use of a particular orbital slot
for the lifetime of any projected system, regardless «- the institutional
configuration of the system coerator. Ar argument could be raised that the
use of a transmission beam which could necessitate the establiskment of
safety zones around the beam constitutes appropriation of outer space in vio-

.tion of Article I1I. However, the considerations discussed above which ap-
pear to exempt use of the geostationary oroitl by satellite power systems from
the Article II prohibition against appropriation would also permit use of

microwave or laser power beams to connect the space ard ground segments.



4.2.3 Article 111

Another fundamental principle affecting the utilization of outer space
is the general applicability of international law as embodied in Article III,
which provides:
States Parties to the Treaty shall carry on activities in the
exploration and use of outer space, including the moon and other
celestial bodies, in accordance with international law, including
the Charter of the United Nations, in the interest of maintaining
international peace and security and promoting ...ternational co-
operation and understanding.
As suggested in Subsections 4.2.1 and 4.2.2, Article 111, through its
reference to the United Nations Charter, affects the use of satellite power
systems, first, because *t prohibits the aggressive use of military force,
and second, because it does not prohibit the use of economic pressure. In
both cases, the key is Article 2(4) of the United Nations Charter which
provides:

A1l Members [of the United Nations] shall refrain in their international

relations from the threat or use of force against the territorial integ-

r.ty or political independence of a1y state, or in any manner inconsis-

tent with the purposes of the Uni’ea Nations.
Interpretation of this provision in light of the remainder of the Charler
suggests that the use of armed force is prohibited, except under certain spe-
cified circumstances when the use of force in self-defense is authori:ed.7‘
Consequently, aggressive military activities in space are not _:-rmitted, but
the use of space for defensive purposes is not inhibited.

Tr connection with the analysis of Article I{i; in Sectior 4.2.1 above,
it was suggested that internat.onal law would noi prohibit the operator of a
satellite power syster from engaging in economic cempetition with otner

erergy-producing co:ntries or from using tha ava‘iability of power “rom the
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system to exert econoaic pressure on energy-consuming countries as a means
of political persuasion. Construction of Article 2(4) of the Charter limit-
ing its prohibition to the use of arm:d force is a significant part of the
underpinnings of that proposition. The conclusion that economic pressure is
not prohibited under Article 2(4) is supported by significant authority.’?
In addition, that rou-.usion is consistent with prevailing general interna-

tional lau.73

As a result, the system operator need not be concerned that
any selection of the consumers of the system's products contravenes existing
internationz! law.

4.2.4 Article IV

Ariicle IV of the Outer Space Treaty provides in part:

States Parties to tne Treaty urdertake not to place in orbit
around the Earth any objects carrying nuclear weapons or any other
¥inds of weapons of mass destruction, install such weapons on ce-
lestial bodies, or statior such wearons in outer space in any other
manner.

...The use of military personnel for scientific research or for
any other peaceful purposes shall not be prohibited....

The language of Article IV raises two main issues:
1. The implications for satellite power systems of the Article IV pro-
hibition against the stationing of weapons of mass destruction in
orbit

2. The impact of Article IV on plans to establish military facilities
in orbit for the protection of a satellite power system from attack.

The latter issue forms the primary subject matter of Section 4.4 below and
wili be examined in detail there.

In Section 4.2.1 above, analysis of Article IV in the context of the
concept of the exclusive use of outer space for peaceful purposes sugyested,
among others, the conclusion ti..t Article I(1) and IV(1) implicitly authorize
the establisnmer’ ~1itary installations and weapors system in outer space--

but not on the celestial bodies--which are exclusively defensive in nzture,
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provided they do not contain nuclear weapons or other weapons of mass destruc-
tion. Because of the nature of the transmission beam, the argument may be
made that the establishment of a satellite power <ystem pntentially consti-
tutes the stationing of a weapor of mass destruction in outer spare ir vigla-

tion of Article IV. The system operator can correctly respond that the system

s9

is designed not as a weapon but as a utilitarian device for the efficient use
c€ solar resources. All the present designs incorporate a series of safety de-

vices to terminate transmission of power when the transmission beam moves out-

74

side the intended reception area. Although the selection of a laser trans-

rission beam could constitute a safety hazard, the tendency among designers is

&
toward the use cf a microwave beam, which is considered less dangerous.7‘

Nonetheless, the potential harm from a microwave beam should not be

underestimted.76
4.2.5 Article VI'-

A-ticle VI, which establishes the found«tions for international respon-
sibility for activities in outer space, provides:

States Parties to the Treaty shall bear international responsibil-
ity for national activities in outer space, inciuding the moon and other
ceiestial bodies, whether such activities are carried on by givern=zental
agencies or by non-govermmental entities, and for assuring that national
activities are carried out in confornity with the procvisions set furth
in the present Treaty. The activities of non-governmental entities in
outer space, including the moon and other celestial bodies, shall re-
quire authorization and continuing supervision by the State concerned.
When activities are carried on in outer space, including the moon and
other relestial bodies, by an internatioral organization, responsibility
fur compliance with this Treaty shall be borne both by the international
organization and by the States Parties to the Treaty participating in
such organization.

Thus, each state which is a party to the treaty is charged with the ooliga-
tion, first, to ensure that the activities of it: national; comply with the
provisions of the treaty, aid second, to accept responsibility of those ac-

tivities which contravene applicable provisions. In this manner, states are
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unable to avoid the duty of compliance through the use of institutional con-
figurations which do not involve elements of the national governlent.78
Consequently, the responsibility of each state's covermment is rut affected
by the juridical character of the entity actually operating the satellite
power system.

A state's Juty to supervise the activities of its mationals ior practi-
ca! purposes probably prohibits unregulated, purely private undertakings.79
Article VIII of the Outer Space Treaty reinforces the obligation by requiring
the state under whose registry an object is 2unched into cuter space to re-
tain control and jurisdiction. In light of s potentially hazardous char-
acter of satellite power generatior, the policy considerations underlying

30 the

Article VI suggests the need for relatively strict supervision.
provisions of Article VII and the Convertion on international Liability for
Damage Caused by Space Objacts,3! which impose Tiability on the launching
state for damage resulting from space activity, are iikely to give rise to
practical and foreign policy considerations which creaté pressure upon na-
tional govermments to exercise the supervision nececsary to ensure protection
against the potential hazards of orbital power generation.

Although governments are required to ensure compliance of their respec-
tive nationals with appropriate provisions of the treaty, Article VI does
not have the effect of subjecting nongove.nmental entities to provisions
which would otherwise not apply to them. For example, as suggested above in
Section 4.1.1, Article II does not apply either to private sector entities
or to international organizations. Althcugh terms of Article VI require
states parties to the treaty to ensure compliance of the:r nationals with

its provisions, Article VI doos rot extend the prohibition against appropri-

ation to entities which are not covered by the terms of Article II.
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4.2.6 Article VIl
Article V1I, which embodies the fundamental principles governing lia-
bility for danger arising from space activities, provides:

Each State Party to the Treaty that launches or procures the launch-
ing of an object into outer space, including the moon and other celestial
bodies, and each State Party from whose territory or facility an object
is launched, is internationally liable for damage to another State Party
to the Treaty or its natural or juridical persons by such object or its
component parts on the Earth, in air space or in outer space, including
the mcon and other celestial bodies.

Because of the wide range of potential envirommental and other injuries which
could result from the operation of a satellite power system, the question of
liability is particularly significant. Potential injuries include:

1. Damage to body tissue of humans and wildlife exposed to the trans-
mission beam

2. Radio frequency interference

3. Interference with elecironic instrumentation, especially for medi-
cal, navigation and explosives detonation purposes

4. Envirommental modification, including weather and climate altera-
tion, resulting from increased heat generation and interaction of
the transmission beam and launch vehicle exhausts with the upper
atmosphere and ionosphere.

If injury results from the operation of a satellite power system, the injured
party is entitled to redress under .rticle VII. Under its terms, the state
which procured the launch of the vehicle ceausing the injury and the state
which launched the space object are internationaily liable to the entity ac-
tually injured, or to its national govermment. The language of Article VII
raises two main issues:

1. The meaning of the word "damage"

2. The meaning of the phrase "internationally ]iab]e."83
The broad principles of Article VII were implemented in the Convention

for Liability for Damage Caused by Space Objects. T.e term "damage" is de-

fined in Article I1(a) of the Convention to mean
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loss of life, personal injury or other impairment of health; or loss of
or damage to property of States or of persons, natural or juridical, or
property of international inter-governmental organizationms....

The language of that provision leaves open to question whether it covers con-

sequential or nonohysical damage.84

Since three of the four damage categories
listed above are either consequential or nonphysical in nature, the ambiguity
is significant for potential operators of satellite power system.

If the injury incurred fa;ls within the definition of "damage,” the type
of liability iisposed is based on the location at which the injury occurred.
If a space object caused damage on the surface of the Earth or to an air-
craft in flight, Article II provides that the "launching State shall be
absolutely liable to pay compensation™ for the damage. In that case no proof
of negligence is required and the launching state is liable even though it is
able to demonstrate that it complied with all applicable standards of care.85
Thus, if a solar power sateilite transmission beam injures a person on the
Earth's surface or while traveling in an aircraft, the launching state would
oe liable to pay compensation upon demonstrition

1. That the injury occurred

<. That it resulted from the operation of the satellite power system.
However, liability may be avoided by establishing that "the damage has resul-
ted either wholly or partially from gross negligence or from an act of omis-
sion done with intent to cause damage on the part of the claimant State or
of natural or juridical persons it represents,” a: provided in Article VI(1).
In contrast, if damage is suffered in outer space, the launching state is
liable to compensate the injured party under the terms of Article III only
upon a demonstration of fault of the launching state or c¢f persons for whom

it is h’able.s6

In both bases, the measure of damages is determined under
Article XII, which nrovides that when compensation is granted under the con-
vention, the amount
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shall be ¢~terr-ned in accordance with international law and the prin-

cinler v, _usiice and equity in order to provide such reparation...as

will . es’orc the person, natural or juridical, State or international
crganization on whose behtalf the claim is presented to the condition
which could have existed if the damage had not occurred.

The provisions of Article VII of the Outer Space Treaty and of the Con-
vention on Liability for Damage Caused by Space Objects are likely to affect
the interests of the operator of a satellite power system in two ways. First,
if the system is damaged through the acts of the nationals of a foreign
government, the foundation is laid for the indemnification of all losses
falling within the definition of "damages." However, since the extent of
coverage is in question, effective means for preventing damage to the system
should be found. Second, if the system causes damage, the state of registry
would be liable for those injuries which occur within the jurisdiction of or
to the nationals of other governments. Nationals of the state of registry
would be entitled to pursue remedies in the courts of that state. Conse-
quently, the exercise of all due care in operations in outer space, and de-
sign and operation in a manner likely to minimize any risk of damage, are
considered essential if only from this point of view.

4.2.7 Article VIII

Article VIII of the Quter Space Treaty, pertaining to the ownership and
control of objects in outer space provides:

A State Party to the Treaty on whose registry an object launched
into outer space .s carried shall retain jurisdiction and control over
such object, and over any personnel therefor, while in outer space or
on 3 celestial body. Ownership of objects launched into outer space,
inclraing objects landed or constructed on a celestial body, and of
their component parts, is not affected by their presence in outer space
or on a celestial body or by their return to the Earth. Such objects
or component parts found beyond the limits of the State Party to the
Treaty on whose registry they are carried shall be returned to that

State, which shall, upon request, furnish identifying data prior to
their return.
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The first sentence assists implementation of the provisions of Articles VI
and VII relating to international responsibility and 1iability for activities
in outer space, particularly over nationals operating in nongovernmental capa-
cities.

The second sentence is considered extremely important to operational
implementation of solar power satellite technology. By protecting the rights
of ownership as established in accordance with traditional international law,
Article VIII provides the basis for industrialization of outer space under
both commercial and national governmental organizational structures. As sug-
gested below in Section 4.3, the capital investment necessary to develop,
establish and operate a satellite power system would be deterred or completely
prevented if rights of ownership are not protected.

4.2.8 Article IX

As noted in Section 4.1.1(3) above, Article IX plays an important role

in the management of the gecostationary orbit.87

The same provision has equal
impact on the use of outer space for the purpose of satellite power genera-
tion. The key provision of Article IX requires states to "conduct all their
activities in outer space..., with due regard to the corresponding interests
of all other States Parties to the Treaty." The remaining three sentences
implement the "due regard" requirement.88

The second sentence, which requires states parties to the treaty to con-
duct activities in outer space so as to avoid both harmful contamination of
outer space and adverse changes in the earth's environment resulting from
the introduction of ertraterrestrial matter, could limit operation of satel-
lite power systems if liberally construed. On it_ face, the ce.ond sentence

is limited to environmental hazards potentially created by extraterrestrial

matter brought within the Earth's biosphere. .Ithough the distinciion between
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matter and energy is not yet precisely cefined for these purposes, the
passage of the satellite power system transmission beam through the Earth's
atmosphere may be judged to fall outside the categery of matter. If so, the
second sentence appears not to limit the operation of such a system.

However, the combination of the first two sentences may have the effect
of extending the prohibition to the introduction of any physical phenomenon
which could adversely affect the Earth's environment. The first sentence im-
plicitly incorporates, at least conceptually, the requirement of Article I(1)
that outer space be used "for the benefit and in the interest of all coun-

tries."89

To the extent the two provisions are coextensive, the first sen-
tence would require space powers to conduct their space activities in a
manner which does not prejudice the “corresponding” interests of nonpartici-
pants. The definition of the term "corresponding” is not clarified, but
presumably encompasses both space and terrestrial interests likely to be
affected by space activities, in a manner comparable to the "common interests"
clause of Article l(]).90 Consequently, Article IX requires that considera-
tion be given to the elimination of the adverse effects 1isted above,gl
especially to the extent they affect the interests of states other than the
state conducting the activity in question.

The third and fourth sentences establish a minimum standard for "due
consideration." If the state undertaking th2 activity has reason to believe
that activities plaaned by it> na-ionals are likely to cause harmful inter-
ference with the activities of other states parties to the treaty, it is
obligated tu "undertake appropriate international consultations"” with the
affected sti“es prior to .plementatiin of its plans. Similarly, if one

party hé . reason to believe that the activ'“ies of another party would cauce

potentially harmful interference with activities reiating to the exploratior
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and use of outer space, the former may request such consultations, even if
its own activities would not be adversely affected.92 The consultation
provisions raise three key issues:

1. When does a party have sufficient "reason to believe" that harmful
interference would result from the planned activities?

2. What constitutes harmful interference?

3. What are the characteristics of “"appropriate international consul-
tations"?

Under the language of the third sentence of Article IX, the obligation
of a state planning to engage in space activity becomes operative when it has
“reason to believe” that execution of plans would cause harmful interference
with the activities of other states in outer space. Thus, the determination
that the obligation has become operative is solely within the discretion of
the launching state. If it lacks sufficient information relating either to
interference factors or to the plans of existing space activities of other
states, the launching state is authorized to proceed without cbnsu]tation.93
The scope of this discretion may be limited, however, by communications from
states whose space activities would be adversely affected or from third states
to the launching states informing the latter of potentiai interference and
requesting consultations as provided in the fourth sentence of Article IX.

Article IX does not provide a clear standard for determining when the
activities of one state "could cause potentially harmful interference" with
the activities of another. The language of the third sentence suggests that
only interference with the space activities, as distinguished from the earth-
bound activities, of another state are relevant; however, since a large pro-
portion of space activity necessarily invelves support activities on the

Earth's surface, interference with those also gives rise to the consultative
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obligation of Article 1x.94 Further, interference can only occur with re-
spect to activities which constitute "peaceful uses of outer space."95
Presumably, the term “interference" is used in its ordinary meaning to
signify conflicting uses resulting in obstruction, creation of significant
hazards or significantly diminishing the efficiency of space activities.
The characteristics of "appropriate international consultations" are
left undefined. From the context, the term "consultation" refers to the
joint examination--including the exchange of relevant information--of the
proposed activities and the probable consequences for each consulting par-

ty's interests.96

Since the term "consultation" was selected by the
drafters of Article IX, the parties are obliged only to make a good faith
effort to conduct the joint examination with a view to reaching satisfactory
resolution of conflicts among the consulting states. However, Article IX
imposes no obligation to achieve reconci]iation.97 Although the form or
forum of consultation is not significant, the consultation must involve
either diplomatic or scientific elements of the affected governments. As
emphasized by the use of the word "international,” the duty to consult is
primarily bilateral in nature although consultation under the auspices of
an intergovernr ntal organization is not precluded.98 The suggestion that
A-ticle IX consultation must include all parties to the Outer Space Treaty
cannot pe supported.99
Thus, Article IX would require satellite power system operators to con-
duct power generation activiti=s with due regard at least to the space activ-
ities of other states. Although that requirement is likely to affect most
directly the use of the geostationary orbit, it imposes a duty to remain

alert to the possibility of adversely affecting tne space interests of other

states. In those cases where adverse consequences are likely, the operator



is required to consult in good faith with the affected parties, with a view
to the elimination of those consequences. However, Article IX does not im-
pose an obligation to accept unnecessary restrictions on the operation of a
satellite rower system.

4.3 Legal Status of Private Sector Operation of Satellite Power Systems

One of the key questions raised by the development of innovative appli-
cations of satellite technology is the allocation of responsibility for
operational implementation, first, between national and international enti-
ties, and second, between putlic and private sector entities. Policy debates
regarding organizational configurations have had a significant impact on the
pace and direction of the development of operational space capabilities, par-

ticularly in the . area of communications satellites.wO

At present, the ques-
tion of institutional arrangements for the developiment and use of an
operational earth resources satellite system are proceeding in parallel paths

101 and in the United Na'cions.]02

in the federal government
In both areas, the possibility that the private sector should be encour-
aged tc assume primary responsibility was discussed. The same possibility
exists for the implementation of solar power satellite technology. Two main
organizational options for establishment of a United States private sector

system cculd be considered:

1. Regqulated private enterprisa based on traditional corporate struc-
tures

2. Federal corporation chartered bﬁ Congress, similar to the Communi-
cations Satellite Corporation.1U3

Since financial, fiscal, efficiency and foreign policy considerations may
lead to selection of one of these private sector options for operation of

a satellite power system, the status of private sector initiatives under
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existing space law could materially affect the exte:t to which such systems
are utilized to satisfy national and international energy requirements.

The discussions of international space law principles governing both
the use of the gecstationary orbit and the use of outer space for the spe-
cific purpose of solar power generation, set forth in Sections 4.1 and 4.2
above, expressly or implicitly establish a series of four principles rela-
ting to private sector initiatives in outer space:

1. Private sector activity in outer space is permitted under existing
international law

2. Private sector activity in outer space is subject to the provisions
of the Quter Space Treaty

3. Private sector activity is subject to the exercise of jurisdiction
by certain national governments

4, Each state party to the Outer Space Treaty is responsible for the
acts of its nationals.

Each of these conclusions is discussed more fully below.

4.3.1 Permissibility of Private Sector Activity in Quter Space

Under existing international iaw, private sector undertakings in outer
space are implicitly authorized under the terms of both the Outer Space
Treaty and the Convention in Liability for Damage Caused by Space Objects.
As noted in Section 4.2.5, Article VI of the forier imposed international
responsibility on states party to the treaty for the activities of its na-
tionals in outer space "whether such activities are carried on bv covernment
agencies or by non-governmental entities....” Similarly. Article VII imposes
international liability on any state party for injuries caused by its space
objects to the natural or juridical persons of another party not only on
Earth but in outer space as well., Both provisions clearly contemplate the
possibility that non-goverrmental--including private sector--entities may

conduct activities in o.ver space. In addition, Articles IV(1), VIII{1)
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and X1, among others of the Convention on Liability, refer to injury to
"national or juridical persons" of a stare. In legal literature, the term
"juridical person" is often used to refer to corporations and other lawfuliy
consti.u! ! comeicial organizations.

Further evidence supporting the proposition that private sector activity
in outer space is permitted under existing international law may be found in
the debates of the United Nations Committee on the Peaceful Uses of Outer
Space relating to international principles tc govern the use of direct broad-
cast and earth resources satellites. During the direct broadcast debates,
the Soviet Union Ted an effort to incorporate intc the appropriate interna-
tional policy structures a provision limiting direct broadcast either to
government agencies or to entities under the direct supervision of the
government.loq The character of the supporting arguments suggests that the
proposed lim:tation would be more rectrictive vhaa required by the terms of
Article V1 of the Quter Space Treaty.

Ar jentina and Brazil have advocated the restriction of private sector
activities in the area of satellite remote sensing. In a draft treaty,
those governments proposed to prohibit states parties from both c~ - ying
to and receiving from private entities information obtained through remote
sensing relating to the natural resources of another state party in the ab-

sence of the latter's express consent.]05

The direct purpose is tc apply
the propased prior consent regime to a:l potential actors, thus impli.itly
recognizing that under existing irternational space law private entities may
be involved in the acquisitionr, reception processing and distribution of
rewote-sensing data. Attempts in both the direct broadcasting and satellite

remote-sensing debates to 1imit private sector activities, without referrinn

to existing principles .llegedly dictating such limitations. makes clear
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that existing space law implicitly permits private sector activity in outer

space.

4.3.2 Applicability of the Provisions of the Quter Space Treaty to
Private Sector Activities

As suggested in Section 4.2.5 above, Article V! expressly imposes on
parties to the treaty the duty to ensure compliance of national, nongovern-
aental entities with the provisions of the treaty. Consequently, private
sector entities are both entitled to the "free use of outer space” and sub-
Ject to the limitations imposed by the treaty, for example, the Article IX
duty to avoid introducing extraterrestrial matter into the Farth's biosphere
if ihat is likely to cause adverse changes in the Earth's environment. How-
ever, those provisions which by their terms apply only to states, including
the Article II prohibition against the appropriation of outer space, are
not extended to the private sector through Article VI.

4.3.3 National Jurisdiction Qver Private Sector Activities

National governments are likely to exercise relatively strict control
over private sector activities in outer space, first, because they are re-
quired to do so by provisions of the Quter Space Treaty, and second, because
the Convention on Liability for Damage Caused by Space Objects imposes lia-
bility on states for certain private sector activities in outer space.

Article VI of the Outer Space Treaty requires states parties to exer-
cise control over the activities of their respective nationals for the pur-
pose of ensuring compliance with the treaty's provisions. In addition,
Article VIII requires a state party to retain jurisdiction and control over
any space object launched under its reyi.try and its crew, regardless of

the crew's nationality. Thus, the activities of a space vehicle launched



and registered in one state, chartered by a corporation of a second state
and manned by a crew from a third state could conceivably be subject to the
control of all three govermments.

As noted in Section 4.2.6 above, under Article VII of the C:ter Space
Treaty and the provisions of the Convention on Liability for Damage Caused
by Space Objects, the states which launch or procure the launching of a
space vehicle are subject to international liability for damage caused by
the space vehicle. Since no limit is imposed on the measure of damages
awarded under the convention, creating the possibility of substantial lia-
bility on the part of the launching states as well as the resultant domestic
and foreign political consequences, those states are likely to establish
relatively strict regulations relating the structural, safety and operating
prccedures as a means of preventing the occurrence of damage covered by the
terms of the convention.

In addition to regulation for the purposes of ensuring compliance with
the requirements cf the Outer Space Treaty and avoiding international lia-
bility for damage resulting from space activities, states are likely to ex-
tend their respective legal regimes into outer space for the purpose of
taxation, enforcing national laws relating to patents, copyrights, antitrust
and unfair trade practices. In light of the likelihood that outer space
will be developed through the establishment of satellite power systems and
space manufacturing facilities, and the common interests of states in regqu-
Jating such operations, appropriate multilateral agreements pertaining to

private sector operations in outer space should be anticipated.
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4.3.4 Liability of States for the National Private Sector Activities

Article VII of the Quter Space Treaty and the provisions of the Conven-
tion on Liability impose liability on states for damage caused by their
respective nationals. Since claims for compensation for damage sustained by
the nationals of one country as the result of the commercial activities of
the nationals of another country are likely to be pursued using the diplo-
matic procedures established in the Convention on Liability, the launching
state rather than the private sector entity would be directly liable. How-
ever, this protection from liability is likely to be limited in three ways.
First, the government is likely to establish procedures for recovering
amounts paid to foreign claimant from the entity actually responsible for
the damage. The main options are incorporation of appropriate procedures
either into the regulatory framework or into the jurisdictional statutes of
national courts. Second, although nationals of the launching state are ex-
cluded from coverage by the convention by Article VII(a), they would be en-
titled to pursue appropriate remedies directly against the operating entity
in national courts of competent jurisdiction. Finally, the right of nation-
als of other states to seek relief in tne courts of the launching state is
expressly preserved in Article XI(2) of the Convention on Liability. All
three circumstances suggest that commercial satellite power systems are
1ikely to be subject to normai liability for damage caused by their opera-
tion.

The four principles discussed above indicate that existing international
space law does not present any unusual impadiments to the establishment of a
commercial satellite power system. In particular, under existing legal prin-

ciples, private sector initiatives are not prohibited by the Quter Space
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Treaty, but would be subject to its provisions. Both the launching state and
the states in which the organization establishing the system is chartered
would be entitled to exercise control over it. The level of regulation is
likely to be relatively high due both to the obligation of those states to
ensure compliance with the provisions of the Outer Space Treaty and to the
provisions for liability for damage resulting from the operation of a satel-
lite power system by their respective nationals. Finally, although the pro-
visions of the Convention on Liability would shield commercial enterprises
from direct international liability, the option of national governments to
seek indemnification from the operating entity for damages paid in compznsa-
tion for injuries resulting from operation of the system, as well as the
opticn for injured parties to seek relief from the system operator through
the courts of the launching state, indicate that standard concepts of lia-
bility apply. These conclusions indicate the nead for national and interna-
tional policy analyses to parallel technicai and economic studies as a means
of ensuring that as technical and economic viability is achieved, the capa-
bility is also developed to create conditions for optimum combinations of
incentives and regulatory safeguards are brought into existence. The impor-
tance of formulating appropriate policies on the national and international
levels must be emphasized.

4.4 Legal Status of Orbital Weapons Systems for the Protection of Satellite
Power Systems

Once established, a satellite power system in geostationary orbit could
present a desirable target for military or terrorist action. The importance

of a high-capacity power system to a nation's economic, political and
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military potential suggests that destruction of the system would be
assigned a high priority in time of military or political conflict. An
attack on the system could create significant social and political impact.

In theory, Article VI] of the Outer Space Treaty and the procedure es-
tablished in the Convention on Liability for Damage Caused by Space Objects
would provide remedies for any damage except that caused by actions taken
against the system not involving a space object. A laser attack originating
from a terrestrial installation is a possible example. However, the proce-
dures established by treaty are not likely to be effective, especially in
cases of deliberate destruction. First, extensive delays must be anticipa-
ted prior to resumption of service, with obvious consequences for the launch-
ing state's economic stability. Second, since diplomatic claims settlement
procedu. es are involved, full recovery of damages specified in Article XII
of the Convention on Liability is not likely, first, because damage claims
are often discounted, and second, because few countries have the economic
capacity to repay the cost of establishing a satellite power system. Third,
a successful attack could create potential hazards from debris in space and
from transmission beam spillover on the Earth's surface.

In light of the foregoing considerations, some means of military pro-
tection may be desirable. Terrestrial weapons systems are likely to be
limited in their ability to defend solar power satellites against attack
either from outer space or from the Earth. Hence, some form of defensive
weapons system stationed in space in a position tc protect the satellite

power system may appear appropriate.
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In Section 4.2.1, an analysis of Article I{1) and IV and the concept
that outer space should be used exclusively for peaceful purposes led to two
main conclusions:

1. The stationing of nuclear and other weapons of mass destruction
in outer space is prohibited.

2. Military activity in outer space]aa not prohibited if it is defen-
sive or nonaggressive in nature.

The same principles apply to the establishment of an orbital weapons system
for the protection of the space segment of a satellite power system. In
principle, Articles I(1), III and IV do not prohibit the establishment of
such a weapons system, provided it does not incorporate weapons of mass de-
struction or require the use of installations on the moon or other celestial
bodies.

Some difficulties could arise, however, if a protective system were in-
corporated which purported to be defensive in nature but which could be
trained on Earth or other celestial bodies, or upon large space objects and
used for aggressive as well as defensive purposes. Although it ~ould be
argued that in the era of modern warfare, such flexibility is necessary to
ensure natfonal security, the dual purpose approach would undermine the
rationale for omitting defensive weapons system from the prohibitions of
Article IV. As a result, such systems must be considerea unlawful to the
extent that they are capable of inflicting mass destruction.

4.5 Conclusions on Existing Space Rights

The foregoing analyses suggest that while the existing principles of
international space law do not on their face represent significant impedi-
ments to the establishment and operation of satellite power systems in geo-
stationary orbit, in many cases clarification of ambiguities of existing

Taw could promote creation of conditions favorable to such initiatives.
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4.5.1 Legal Aspects of the Use of the Geostationary Orbit

Articles I, Il and IX of the Quter Space Treaty pose no obstacle to the
use of the geostationary orbit by satellite power systems. The most signifi-
cant potential problem in this area is based on the trend toward crowding in
segments of the orbit which would be useful for satellite power systems.

The most significant activity relating to the management of the orbit is oc-
curring under the auspices of the ITU. To date, the ITU has not examined
the potential frequency and orbital requirements of satellite power systems.
However, in light of their projected contribution to the satisfaction of
global energy needs, such systems should be included in the ITU planning
process.

Although the ITU is presently the primary forum for consideration of
orbital management issues, the range of potential noncommunications applica-
tions requiring utilization of the geostationary orbit indicates, that the
problem of orbital management could be shifted to another forum with a
broader mandate. In that manner, a more comprehensive approach, potentially
leading to the conclusion of an international agreement, could be undertaken
as a means of ensuring availability of orbital slots for all potential uses
compatible with the purposes of the Quter Space Treaty. This broader ap-
proach could be particularly valuable when use of the orbit increases
sharply enough that the establishment of priorities among potential uses
becomes unavoidable.

4.5.2 Impact of the Quter Space Treaty on Satellite Power Systems

The provisions of the 1967 Quter Space Treaty providc the general frame-
work for all activity in outer space, including the conversion of solar

energy into electrical power. In its present form, the treaty would not
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interfere with the establishment and operation of a satellite power system,
However, the foregoing conclusion is tempered by two considerations. First,
although the Outer Space Treaty would not inhibit satellite power initiatives,
it does not take any affirmative steps to create conditions favorable to such
1niti;tives. Because of the extremely large investment in research, develop-
ment and demonstration of the technology, as well as construction of opera-
tional solar power satellites and appropriate ground terminals, effective
incentives are likely to be essential to full realization of the benefits of
satellite power systems. The optimum combinations of incentives should be
given careful national and international consideration as energy demand in-
creases and the technology evolves.

The second limiting consideration is the fact that the conclusion stated
above is based on constructions of Article I which would avoid restrictive
impact on space initiatives. In this regard interpretation of the “common
interests" clause in a manner which would not require a system operator
either to permit foreign participation in the system or require the system
operator to distribute a portion of its earnings among the less developed
countries is particularly important. Although that interpretation is favored
under existing international space law, trends in the debates of the Commit-
tee on the Peaceful Uses of Quter Space and its subcommittees, as well as
the controversy regarding interpretation of Article I, suggest that pressure
from nonspace powers could alter the existing balance of international legal
opinion. This possibility suggests the existence of an international pulit-
ical basis for initiatives in the United Nations and elsewhere to impose
restrictive 1imits on the use of solar puwer satellites. To the extent that

public and private sector planners are compelled to base the decision to

vy
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construct a satellite power system on the provisions of the Outer Space
Treaty, the uncertainty of interpretation may exert an inkibiting influence.

For those reasons, the decision of the Committee ~n the Peaceful Uses
of Quter Space (CPUOS) to add orbital power generation to the agenda of the
fourteenth session of its Scientific and Technical Sub-Committee must be con-
sidered a significant development. After initial considerations there, the
probability that the subject will be added to the agenda of the Legal Sub-
Committee for the 1978 session is increased. Consequently, CPUOS is likely
to give extensive consideration to the technical and legal aspects of satel-
1ite power generation. This develcpment will result in timely consideration.
In specific subject areas, especiallv direct broadcast and earth resources
satellite regulations, CPUOS has--25 & result of substantial deliberations--
made some progress in relatively uncontroversial areas, but has not yet taken
significant steps toward the resolution of the key issue of prior consent in
either area. Parallel developments with respect to solar power satellites
could mean protracted debates. In light of these potential consequences,
consideration should be given to the possibility that the international
aspects of satellite power generation could be considered more advantageously
in another forum.

4.5.3 Legal Status of Private Sector Satellite Power Systems

The provisions of the Quter Space Treaty provide a foundation for pri-
vate sector initiatives with respect to satellite power generatjon. In par-
ticular, the treaty implicitly authorizes commercial space activities,
subject to compliance with applicable provisions of the treaty under the
supervision of the national governments specified in Article VI. Once a

private sector system is established, the supervisirng governments are liable
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for any damage caused, as provided in the Convention on Liability for Damage
Caused by Space Objects. The imposition of international liability on super-
vising governments is likely to result in the imposition of relatively strict
national controls.

Although this foundation has been established, a number of questions
remain unresolved. First, the status of attempts to preclude private sector
participation in the operational implementation of space technology should
be monitored, and the desirability of such participation as a matter of na-
tional and international policy should be carefully considered. Second, a
number of practical aspects regarding application of the Convention on Lia-
bility should be clarified. Particularly important is the need to develop
effective means of national regulatory control over activities carried out
by space vehicles. Even more difficult is the problem of providing the
launching state with the means to control the activities carried cut by a
spacecraft which it has launched but which is registered in another state.
Problems potentially arising from conflicts in jurisdiction and control
snould be examined. Further, the impact of the liability framework estab-
lished by the convention should be tested to ascertain whether realization
of tangible benefits is promoted or impeded. Finally, the regulatory and
other policy implications of commercial satellite power generation initia-
tives by multinational corporations should be assessed in order to permit
formulation of appropriate national and international regulatory response.
As solar power satel ite technology progresses through experimental and
demonstration phases, the need for further elaboration of existing space
law to c)eate optimum condition:z for the establishment of commercial solar

power systers should be fully examined.
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4.5.4 Lcgality of Orbital ileapons Systems for the Protection of Satel-
lite Power Systems

Interpretation of Articles I and IV leads to the conclusion that the
establishment of orbital weapons systems for the purpose of protecting satel-
lite power systems against attack is permitted, provided they do not incor-
porate weapons capable of aggressive use on a massive scale. However, in
light of the possibility that launching states may establish orbital mili-
tary installations as a means of protecting large-scale structures in space,
including solar power satellites, alternative means of balancing the need
for protection against the desire to minimize militarization of outer space
should be assessed.

Thus, although international space provides a substantial basis for
the establishment and operation of satellite power systems, a number of
shortcomings represent potential obstacles. Consequently, in order to en-
sure that legal and policy development on both the national and international
levels keeps pace with the technical program, a series of examinations of
various legal and policy aspects of satellite power systems should be under-
taken in the near future. Increasing demand and increasing cost of energy
from traditional sources emphasize the need for careful examination nf in-
novative applications of technology to meet global energy requirements.

The history of the utilization of cuter space for ihe benefit of mankind has
clearly indicated the need for careful planning on both the technical and
policy levels to ensure optimum development of technology and maximum reali-
zation of benefits. As satellite power systems come closer to reality,

these lessons ought not to be forgotten.
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4.6 Trends in Space Rights

SPS is a system which wruld not be operational for quite a while, per-
haps two to three drcades, and with its major period of implementation occur-

ring perhaps over the period 2000 to 2050. What should be of concern, there-

fore, is not so much the current interprerations of existing texts, but the

trends in doctrine and interpretation--as clues to what “international law"

on this subject might look like 20 years from now. We are interested as much
in the World Administrative Radio Conference of 1989, and 19¢ , as we are in
the WARC that is just around the corner, in 1979,

The need to peer farther into the future is reinforced by the observation
that the existing doctrine, and the treatie~ and resolutions that reflect it,

are essentially the work of lawyers for the industrially advanced countries,

especially the two major space powers. The latecomers to ‘nhe game of inter-

national politics have already shown that they do not fcel bound by laws and
concepts which they did not participate in creatinc. In international busi-
ness, contracts are obviously not as sacred as they were once thought to be.

The sluggish progress of the “North-South dialogue”" does not suggest
that revolutionary change is in the wind. But compared to 20 years ago,
some very large doctrinal changes have come about in international law and
the practice of international institutions. Twenty years from now, much of
the detailed argunentation presented above will seem arcane and academic.

At least seven trends are currently visible to the naked analytical
eye. Together they sugaest the political and legal climate in whicn Space

Power Systems would have to be born, and survive infancy.
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4,5.1 Fairness and Equity

Until recently, the measure of success in national development was
growth, as measured by a rising GNP. Now a global fairness revolution has
brought equity considerations up alongside growth as a factor in development
strategy and international economic relations. In international institutions
as disparate as the International Monetary Fund and the proposed seabed-

mining enterprise, the doctrine is that international operations should, in

effect, make disproportionate profits for the poorer nations. The same is

true of discussions about a "common fund" for commodity stabilization, of
negotiations for changes in the rules of trade, and of proposals for diverting
to develepn ng nations the savings from arms reductior.

The fairness revolution has also begun to relate international economic
cooperation and development assistance to the meeting of basic human needs
inside countries. In other words, the earlier notion that poor countries
should be helped because they are poor i< alreauy being elbowed aside by
the doctrine that the object of national development strategies and suppor-
tive international action should be poor people.

Space rights, ar they affect an SPS, are likely to rest not so much on
past treaties as on future bargains that cr:ate obligations to act more
positively "for the benefit and ir the interests ot all countries, irrespective
of their degree of econcmic or scientific development" (Quter Space Treaty,
Article 1).

4.6.2 "Freedom"

Traditional "freedoms"--of the seas, of communications, of travel, of

investment, of trade, of scientific research--have been eroded by pronobser-

vance of previously accepted norms of behavior by newcomers to the behavior
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pattern. The older members of the international community have been
gradpally accommodating to the complaints of the newcomers: the olatimers
have su:illoued a great deal of expropriation, an oil cartel, the prirciple
that trade discrimination is god if it favors the poor, the creation of
economic zones far out into "international waters” (on that, the United
States followed the charismatic leadership of Peru and Ecuador), and stermer
regulation of multinational corporations based in the industrial nations.
>Fru- the point of view of the newcomers--and they are increasingly making
their point of view effective--the earlier "freedoms” were grants of rights
without obiigations to nations with the technological competence to exploit
the freedom. The market was always rigyed; the newcomers are not objecting
to a rigged market, but merely insisting that it be rerigged in their favor
to achieve a more equitable balance.

The present regime in outer space was created by analogy to "freedom of
the seas.” But the oceans will sooner or later be organize¢ and regulatad by
international institutions--and so will earth-based activities in outer space.

4.6.3 "Common Heritage"

By the same token, the doctrine of international responsibility for inter-
national “"commons"™ has taken hold very fast, and will probably be an important
feature of the legal/political landscape 20 years from now. So far, the
"commons” idea has been applied to enviromments where national claims to
sovereign jurisdiction had not been strongly pressed--the high seas, Antarctica,
oter space and celestial bodies. But it is quite conceivable that over a
20-year span, many of the leaders of the less well endowed countries could
rationally conclude that all natural resources are "gifts from God" to mankind,

not to the pecple who happen as of 1977 to have conquercd or inherited them.

101



“Sovereignty cver natural resources™ has been the developiny nation's back-
ward-looking battle-cry in the rhetoric of the New International Economic
Order. But "the forward-looking interest of most geographically smailer
countries would clearly be to maximize the international jurisdiction over
(and therefore their cwn participation in decisions about) the key world
resources they will need, but do not own, for their own development--oil,
coal, iron, copper, uranium, manganese, nic.el, and the rest.“m7

In such a climate, the pressure from the world's majorities in every
international institution will be to make space power systems profitable for
311 the "stockholders®™ in the international cosmons.

4.6.4 Transnational Enterprise

Two distinctions important in our inherited concepts of international
Joaw are becoming bluired in the practice of intergovernmental institutions
and nongovernmental actors in transnational relations. One is the distinction
between "private" and "public.* The term "multinational corporation” is used
‘9 imply some identiviable degree of privateness. But there now exists a
good many multinational enterprises which are, by intent or in effect,
socialized companies: this is obviously true of enterprises sponsored by
communist and other totalitarian govermments; but the heavy government invest-
ment in 2 Lockheed Corporation, and the Coraressional parentage of a COMSAT,
are also blurring the line between “"public™ and "private". What is already
developing is a coomunity of transnational enterprises which operate beyond
the reach of any one government and are not yet effectively the object of
international governance.

It seems likely that multinational enterprises will be important,

perhaps even central, in the development of cperational Satellite Power
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Systems. But it also seems likely that by the time they are operational,
the enterprises that are dig enough and efficient enough to take on the
tasks involved will be so "affected with the public interest™ that most of
our current law and practice, based on concepts of private ownership and
control, will have given way to a pattern of international enterprise
~egulated by intergovernmental agreements and institutions.

4.6.5 Juternationalization of Internal Affairs, and Vice Versa

The second distinction which is blurring fast is that between “domestic”
and “foreign" policies, or between "internal" and "“international” affairs.
President Carter's new emphasis on human rights (“...no member of the United
Nations can claim that mistreatment of its citizens is solely its own busi-
ress,” he said at the U.N. on March 18, 1977) is only the most dramatic case
in a crowd of current precedents. A nation's palicies and practices on such
subjects as internal economic and monetary management, export promotion and
tariffs, population, envi}onmental protection, public health, experimental
organisms, weather modification, nuclear energy, narcotics, and the meeting
of s own people's human needs are already the svbject of international
agreements and in some cases of international regulatory bodies.

Paralleling the internationalization of internal affairs is the tendency
to fashion "domestic” policies in the perspective of their international
impacts. Every major institution in our society--corporations and their
associations, organized labor, farm organizations; foundations and norprofit
enterprise, school systems, colleges and universities, educational associations,
and governments, municipal and state as well as federal--is currently engaged
in pervasive shifts of policy and practice in the effort to “cope with

interdependence.“‘oa
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In these circumstances the bargaining about access to and benefits
from outer space is not likely to remain the province of experts in a
comparatively few governments and corporations.

4.6.6 Decision Making About “"Limits"

Somewhere near the center of contemporary international relations is
an emerging ethic of ecology which will produce during the next generation
new negotiated and administered limits to the behavior of nations and the
people subject to their jurisdiction. International agreements, and insti-
tutions to match, will likely be created, or adapted, to make sure mankind
as a whole stays well inside seven kinds of "limits" on which there is already
the beginning of a consensus.

1. A system for establishing and reviewing international standards
for individuai entitlement to food, health, education and any
other agreed components of "minimum human needs"; and for relating
international economic cooperation, including "aid," to progress
toward those standards.

2. A system for international review and monitoring of national
decisions about growth, affluence and waste in the more developed
countries.

3. A system that negotiates and monitors agreed standards of air
and water qual ty, and reviews national actions that pollute
beyond naticunal frontiers.

4. A system that keeps under review the damage and potential damage
from man-made processes, and blows the whistle on those that may
affect people beyond national frontiers.

5. A system that promotes exploration for, and keeps a world inven-
tory of, nonrenewable resources that may be needed by people
outside the nations where the resources happer to be found.

6. A system that monitors world production of food and fibers; seeks
international agreements to limit overcropping, overgrazing, over-
cutting and overfishing; and provides for the exchange of timely
information on rational harvests and food requirements.

7. A system that limits armed conflict by international conciliation
and mediation, the deployment of peacekeeping forces, and (through
arms control) the institutionalization of military uncertainty (that
is, deterrence) at the lowest possible cost.
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None of these trends will run in a straight line; all of the resulting
institutions will be messy, pluralistic,‘capricious. political--in other words,
expressions of governance in a world where nobody is in charge. Space systems
will play a part in this growing web of international information gathering,
international monitoring and international regulation. Already the geosta-
tionary orbit has come to be regarded as a limited natural resource. Llong
before a satellite power system is ready to launch, there is likely to be a
widespread assumption that so important a development, depending so crucially
on occupancy ¢f a limited area of outerspace "commons," should be effectively
international from the start.

4.6.7 Participation and Openness

The trend in modern large-scale management is to flatten out the tradi-
tional pyramids, with their recormendations-up-and-orders-down processes,
into horizontal "systems" in which more and more of the key relationships are
lateral, and more and more of the key decisions are coliegial and consensual.
A similar trend is already strong in international decision making.

In a horizontal system so many people are somehow involved, and the
complexity becomes so great, that certain modes of operation are imperative.
Secrecy in a small in-group simply doesn't work; information about goals and
processes has to be widely shared. Voting arrangements, which divide people
on issues of principle, inhibit getting on with the job, so consensus systems
develop which bring people to take "next steps" together even if they go on
arguing about ideology; this trend is now very clear in many units of the UN
system. In economic arrangements, producers find they cannot retain essen-
tially exclusive jurisdiction over decisions about the price and supply of

what they offer for sale; consumers assert the right to help make those
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decisions. (The United States is asserting this doctrine of international
consumerism in current discussions with OPEC on oil; one of these days, the
major consumers of fcod mey take our doctrine seriously and ask us to open
up to their participation U.S. decisions on farm subsidies and agricultural
production quotas.)

This cannot mean that everybody has to be in cn every decision. In
practice, the global institutions already work by caucus, and through
small-group negotiating teams: the bargaining about the final resolution
from the Seventh Special Session of the U.N. General Assembly (which con-
verted the North-South confrontation into a North-South dialogue) took place
among seven people in a group which never had a name. What will probably
tend to develop will be two-tier systems--the operations (and most of the
investment) in the hands of a community of the concerned, who in turn per-
ceive an obligation to report to, consult with, and on some matters even
seek the ratification of, larger bodies representing the rest of what
Article I of the Quter Space Treaty calls "all mankind." It would be wise
to plan from the start for a fully international system to develop the genera-
tion of power in space, and avoid the INTELSAT experience of starting on a
too-American basis and being pushed to internationalize the system by the
other participants in what was always bound to be an international system

to govern an irherently global technology.
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. , Annex 111, Art. XII.

Argentina and Brazil, Treaty on Remote Sensirng of Natural Resourcesﬁ
Means of Space Technology: ODraft Basic KFticies, U.N. Doc. A/C.INN
Uuﬁ,‘, Arts. IX-X, XIII.

See the text in Section 4.2 accompanying footnotes €8-70.

The Third Try at dorld Order, p. 60.

Coping with Interdependence, Final Report of the National Commission
on Coping with Interdependence.
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S. POLITICAL CONCERNS ABOUT SPS

The routine development and deployment of an SPS fieet imposes a variety
of risks on foreign states. The alleviation of concerns regarding these risks
is key to obtaining international acceptance of the system. In this section,
the types of concerns potentially imposed by an SPS are identified. Then a
basis for regulation of the system and alleviation of concerns is sought,
first in existing treaties and organizations and then in dotential unilateral
and multinational actions.

The risks imposed by SPS fall into three broad areas: hazards to indivi-
duals and structures on the grounrd due to "space ob,ects” falling to the
ground, potential envirommental impacts, and potential effects af the SPS
power beam on other systems suck as aircraft navigation systems that could
indirectly impose risks on the users of these systems. A legal basis for
requiring alleviation of resulting concerns exists in international law.

Due to the nature of the problems, and the lack of understanding at present
regarding the effects that SPS might have on the environment and on other
systems, it will be necessary to conduct researchi in these areas. The results
of the research programs would obtain added credibility if the research is
performed on an international basis. In addition, clarification of issues
regarding liability for damage caused by SPS-associated "space objects" will
be necessary.

5.1 Potential Causes for Concern Imposed by an SPS

Apart from possible concerns over adaptation of SPS technology to
military applications, the routine development, deployment and operation of

SPS imposes a variety of risks on foreign states. These can be classified,
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as shown in Figure 5.1, into three categories: transportation and construc-
tion, microwave beam, and envirommental impacts. A key area that is somewhat
in question here is the area of environmental impacts which, at best, is
presently little understood. Both this ar:a and the effects of microwave
(non-ionizing} radiation on biological matter (people, birds, plants, etc.)
need to be addresc:d in major research efforts that should probably be
conducted on an international basis to gain credibility.

Figure 5.1 identifies the major areas of potential adverse effects
imposed by an SPS. This figure can be used as a guide to identify govern-
ment agencies involvement in an SPS program from one point of view.

5.2 Review of Existing Treaties and Organizations

The developmeni of space technology since the launching of Sputnik I in
1957 has rapidly nutpaced the development of positive international norms to
control and regulate the uses of outer space. Far more interesting legal
questions have been raised by this onrush of technology than have been
answered by the cumbersome law-making process of the international commu-
nity.

The principal international vehicle for the creation of international
legal norms governing the control and regulation of space has been the United
Nations' Committee on the Peaceful Uses of Outer Space, established in i958.
The committee, as now established, has 37 members,‘ and generally meets once a
year. The Committee is organized into two subcommittees of the whole, a
Legal Sub-Committee and a Scientific and Technical Sub-Committee, that
generally each meet once a year as well. Since its creation, the committee

has operated on the basis of consensus. While this undoubtedly has slowed
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the pace of decision making and led to ambiguous and lowest common denomina-
tor drafting, it realistically recognizes the impact of national sovereignty
and political power on international rule making.

Three products of the Committee on the Peaceful Uses of Quter Space
especially bear on the issues of this subtask. The first is the General
Assembly Resolution 1962 (XVIII), December 1963, “Declaration of Legal
Principles Soverning Activities of States in the Exploration and Use of
Outer Space.™ This Declaration asserts, inter alia that:

“1. Tﬁe exploration and use of outer space shall be carried on for the
benefit and in the interests of all mankind.

“S. States bear international responsibility for national activities in
outer space, whether carried on by governmental agencies, or by non-
governmental entities, and for assuring that national activities are
carried on in conformity with the principles set forth in this Declara-
tion. The activities of non-governmental entities in outer space shall
require authorization and continuing supervision by the State con-
cerned...

*6. In the exploration and use of outer space, States shall be guided by
the principle of co-operation and mutual assistance and shall conduct

all their activities in nuter space with due regard for the corresponding
interests of other States. If a State has reason to believe that an
outer space activity or experiment planned by it or its nationals would
cause potentially harmful interference with activities of other States

in the peaceful exploration and use of outer space, it shall undertake
appropriate international consultations before proceeding with any such
activity or experiment. A State which has reason to believe that an
outer space activity or experiment planned by another State would cause
potentially harmful interference with activities in the peaceful explora-
tion and use of ocuter space, may request consultation concerning the
activity or experiment.

"7. The State on whose registry an object launched into outer space is
carried shall retain jurisdiction and control over such object, and any
personnel thereon, while in outer space. Ownership of objects launched
into outer space, and of their component parts, is not affected by their
passage through outer space or by their return to the earth. Such
objects or component parts found beyond the limite of the State of
registry chall be returned to that State, which shall furnish identi-
fying data upon request prior to return.
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"8. Each State which launches or procures the launching of an object
into outer space, and each State from whose territory or facility an
object is launched, is internationally liable for damage *o a foreign
State or to its natural or juridicial persons by such object or its
component parts on the earth, in air space, or in outer space.”

The principles enumerated in this Declaration formed the basis for the
Outer Space Treaty of 1966 which entered into force in 1967. The sections of
this treaty which bear on the issues at hand are Articles 1, 2, 3, 4, 6, 7,
8, 9 and 11. Text and analysis of these articles is provided in Appendix C.

The third major product of the U.N. Committee on the Peaceful Uses of
OQuter Space that bears on the issues of this subtask is the Convention on
International Liability for Damages Caused by Space Objects that entered into
force in 1972. The relevant sections of this agreement are Articles 2, 3, 6,
8, 9, 10, 11, 12, 13, 14, 15, 18, 19 and 21. Text of these articles is pro-
vided in Appendix A.

Beyond the limited positive international law examined here, there is
very little other control and regulation of outer space activities that would
bear on an SPS. The UN Committee on the Peaceful Uses of Quter Space has had

under discussion for several years a range of other tropics including:

1. A draft treaty on the moon, principally concerring exploitation
of lunar resources

2. A draft convention on the registration of objects launched into
outer space

3. The regulation of direct broadcast satellites
4. Defining the precise boundary between airspace and outer space

5. The regulation and management of remote sensing of earth resources
from outer space.

The pace of the committee on these topics has been slow, and although
the Chairman has called its attention during its 1975 and 1976 meetings
to the prospect of space-based solar power systems, it has evidenced no

interest to date in examining these topics.
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In addition to this relatively meager amount of positive international
law bearing on these issues, there are a few more general provisions of
international law that can be brought to bea~ on these on these issues. The
wost important is the treaty obligation involved in Article 2(4) of the UN
Conference on the Human Environment.

Article 2(4) of the Charter declares that: "All Members shall refrain
in their international relations from the threat or use of force against the
territorial integrity or political independence of any State, or in any other
manner inconsistent with the Purpose of the United Nations." The Stockholm
Declaration on the Enviromment adopted in 1972 declares, inter alia, that
“States have, in accordance with the Charter of the United Nations and the
principles of international law, the sovereign right to exploit their own
resources pursuant to their own environmental policies, and the respons
ibility to ensure that activities within their jurisdiction or control do not
cause damage to the en\ironment of other States or of areas beyond the limits
of national jurisdiction.”

5.3 Actions the U.S. Could take Unilaterally to Alleviate Political Concerns

With regard to risks identified in Section 5.1 imposed by routire uses
of an SPS system, a series of unilateral U.S. actions are possible to assist
in alleviating international concerns. With regard to those risks likely to
arise from the launching and construction of an SPS system, for example,
launch vehicle failures and the impact of construction debris, the following

unilateral steps would be worth exploring:

) The launch facility could be constructed in an area where
the critical flight path segments cross only U.S. territory
or international waters. In such a case, a launch vehicle
failure would be unlikely to have a significant inter-
national consequence.
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The U.S.could open the launch facility to international
inspection to reassure states about such activities. This
might well include a unilateral U.S. invitation to other
states to share in all tracking data for every launch

to remove any possibility of attempts to hide launch
failures.

The U.S. could agree to freely share with other states all
test data on the launch vehicle and related quality assur-
ance programs.

The U.S. could announce in advance that it reaff{rms its
acceptance of the Convention on International Liability for
Damages Caused by Space Objects and that it affirms that
this Conventicn clearly ccvers any damage that might be
caused by an SPS launch failure or SPS construction. This
action could be strengthened by the simultaneous creation
of a reserve fund to cover possible SPS claims.

The U.S. could also augment its space tracking capability
to enhance its ability to track SPS debris and agree to
make the output of this system publically available.

The U.S. could investigate "tagging” procedures for
SPS components to assist in the unambiguous identi-
fication of any SPS debris.

The larger area of concern from an SPS concerns the operation of the

microwave beam and associated environmental impacts.

are simply over a lack of knowledge of the impacts of such a system.

The major concerns here

A large

step toward clarifying the level of risk involved could be taken if the U.S.

would immediately begin a research program, with funding appropriate to the

problems, to investigate these impacts. To increase its contribution

to

alleviating international concern this research program might adopt some or

all of the following characteristics:

The research program could be formulated and/or reviewed
by an international group of scientists, perhaps by an ICSU
sponsored group.

The research could be carried out in part by non-American
scientists funded by the U.S. program.
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] The U.S. could announce that all research data would be
published as received to allow for timely critiques in
the scientific community.

° The U.S. could set up 2 senior level international
review body with clear decision criteria responsible for
reviewing all data and making a “"go/no-go" decision in
reference to the impact data.

e The U.5. could establish a monitoring program responsible
for the continuous assessment of an operational SPS system
for the timely detection and analysis of any deleterious
impact. Such a program could fund non-American, require
full disclosure of data and have an international review
and assessment function.

5.4 Multinational Actions that could be Taken to Alleviate Political Concerns

The alleviation of potential concerns from SPS operation through multi-
national arrangements is probably not an immediate, high order priority.
This is the case because the Convention on International Liability for
Damages Caused by Space Objects that entered into force in 1972 already
covers a wide range of these concerns. This resulted from very meticulous
negotiations and would appear adequate to cover a wide range of SPS concerns.
It is possible that, with regard to potential environment impacts, additional
multinational devices might be desirable. While the research efforts neces-
sary to ascertain the range of impacts before the SPS system goes into opera-
tion are probably more easily obtained from unilateral activities, the
maintenance of safe operating conditions in an operating system might be the
appropriate subject of an international agreement. By setting forth in an
international agreement design specifications for such critical elements as
steering mechanisms and beam control, maintenance practices and other operat-
ing practices, some concerns might be alleviated. From the U.5. perspective,
such standards, if sufficiently high, might also discourage “"cut-rate" SPS
designs from other space powers, although this may be a remote prospect in

any case.
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5.5 Issues for Follow-On Studies

Two principal types of additional work need to be done in this area.
First, a more thorough identification and analysis needs to be made of the
potential problem areas arising from deployment of an SPS fleet. One path
worth pursuing would be a fault analysis and societal risk approach such as
that recentiy employed in the analysis of the hazards arising in the nuclear
fuel cycle. (cf. Societal Risk Approach to Safeguards Design and Evaluation,

ERDA, Safeguards and Security Systems Branch, ERDA-7) This essentia in-
volves an -ualytically rigorous effort to identify all possible hazards,
identify thoir ‘inkages with each other and to rank them according to the
seriousness of the threat that they pose. Such an effort involves a detailed
knowledge of the SPS design and should be pursued parallel with the design
evolution. One obvious major hazard that needs immediate attention if SPS

is to be a serious option is the range of possible environmental impacts of
the system. Both the NEPA standards, as well as common prudence, requires
that this area be vigorously investigated as soon as possible if SPS is

to be considered as a serious energy option.

A second area in which additional work needs to be done concerns the
various strategies for risk alleviation. While this study has sketched out
in broad brush strokes a wide range of risk alleviation options, the time has
not been available to explore in detail the full operation and implication
of any of them. A logical next step would be to rank the various risk
alleviation strategies against the hazards and to then develop a detailed
analysis of those that are targeted on high priority hazards. For example,
how would a multilateral inspection scheme to insure the peaceful character
of an SPS actual operate or how would one go about establishing a multi-

national <onsortium for SPS operation and what would be its implications?
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It is furthermore clear that the problems encountered in alleviating
concerns, and the approaches taken, would be quite different if the SPS
was plamned, from the beginning, as an international system. It is cer-
tainly worth examining the problems and issues raised here under the assump-
tion that the SPS will be developed and implemented by an international
organization such as INTELSAT.
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Section 5: Footnotes

1. The 37 members of the Outer Space Committee are:

Albania, Argentina, Australia, Austria, Beigium, Brazil, Rulyaria,
Canada, Chad, Chile, Czechnslovakia, Egypt, France, German Dem-
ocratic Republic, Germany (Federal Republic of), Hungary, India,
Indonesia, Iran, Italy, Japan, Kenya, Lebanon, Mexico, Mongolia,
Morocco, Nigeria, Pakistan, Poland, Romania, Sierra Leone, Sudan,
Sweden, USSR, United Kingdom, United States and Venezuela.

The officers of the committee are the Chairman, Mr. Peter Jankowi‘“sch

(Austria), Vice-Chairman; Ion Datcu (Romania); and Rapporteur, Luiz
Paulo Lindenberg Sette (Brazil).
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6. INTERNATIONAL ECONOMIC AND POLITICAL IMPLICATIONS
OF AN OPERATIONAL, ECONOMIC SPS TECHNOLOGY

Over the past five years, and most 1ikely continuing over the next
decade, no other resource topic has been discussed, analyzed, projected,
and speculated about more than energy: 1its sources, technology and rela-
tion to current and future human needs. Since assessments of current
energy problems diverge widely, it is understandable that, as projections
are made further into the future, no true consensus exists on rational
enerqgy policy objectives, nor agreement on the facts underlying such policy
and outlook. Nevertheless, the following sections outline some key con-
siderations which are likely to hold for SPS technology, irrespective of
the current wide disagreement on national or international energy policy
objectives. Then a study plan is presented for a detailed, quantitative
analysis of the issues identified.

Three major issues are surfaced in the following discussion. The first
has to do with the geographical separation between fossil fuel resources and
centers of demand. As these resources cross national boundaries, a trade
flow is set up that can have considerable adverse economic impacts on the
importing nations. In addition, the economic dependencies thus obtained are
not always conducive to international stability and to world peace. The
second issue deals with the transportation of bulky fossil fuels. Depen-
dency on foreign supplies necessitates at least juaranteed access to, if
not conirol of, the transpartation routes. Finally, the third issue
addresses worldwide per capita energy consumption. If the less developed
countries are to develop, the implication is that their per capita energy

consumption must rise significantly. This rise may not be possible given
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access only to fossil fuel energy. SPS shares with fusion perhaps the only
potential for resolving these issues in the favor of energy importing nations
and the less developed countries.

6.1 Current Dependence of Western Industrial Nations or Petroleum and
Gas_Imports

The current enercy resource base in the United States and worldwide is

fossil fuels. While, historically, coal has proviced, and is still providing
in some key regions, the major energy resource base, western industrial
natiors, for reasons of efficiency and economy, are lirgeiy relying on petro-
leum and natural gas to provide clean and efficient energy. Most of the
kncun resources, however, lie outside western industrial nations, mosily in
the Middle tast, tne Soviet Union. some regions of Africa, Southeast Asia and
(recently discovered) in Mexico. The realizations by OPEC that oil and gas
resources are finite, that in the short run OPEC operates in a "sellers"
market, and just using principies of economic rationality, have led to

sizable price increases since 1973 which can be expected to stay, under

optimal pricing and sales sirategies, at least at thesq~1evels.] Kalymon

has suggested that under optimal pricing and sales strategies (also common

to practices in industrialized nations) it is not in OPEC's economic self-
interest to deplete its oil resources rapidly (that is, they should maintain
a relatively high price per barrel). Thus, the current energy dependence of
western industrial nations cannot be construed as due to the "evil designs"”
of a few policy makers that somehow can be negotiated away. Rather, the high
pricec _ssociated with o0il and qas resources existing today ir fact reflect a
long-term stable evaluation of the best economic self interests of the

resource nations.
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Under existing conditions, a substantial flow of funds will continue
to OPEC nations. In the case of the United States alone, leaving oil
imports roughly at the current levels, this means a daily inflow of seven
willion barrels per day, equivalent to an annual balance of payments impact
of around $30 billion for the United States at today's oil prices. This
constitutes about two percent of the GNP of the United States. As dem-
onstrated by the oil crisis of 1973, the impact of a sudden cutoff of these
supplies on an economic system are much more widespread (that is, the

potential to inflict damage on the United States economy in the short run)

than the figures and amounts above suggest. Fluctuations in random
phenomena, such as weather, can already severely test the current resource
base and economic balance of the United States, as shown in the winter of
1976-77.

The situation for other western industrial nations is an order of mag-
nitude worse than that of the United States: With no significant domestic
oil and gas resources, Western Europe and Japan (the latter in particular)
depend almost exclusively on imports. Figure 6.1 shows, for reference
purposes, the 1970 dependence of different nations on outside energy im-
port:s.2 The figure lists population of individual nations versus the
energy consumption in metric tons of coal equivalent on a log/log scale.
If one were to define the energy consumption levels of the United States
(or the Soviet Union} in absolute amounts as somehow representative of
“great power" status and, similarly, the levels of energy consumption of
members of the European economic community and Japan as representing
"intermediate power" levels, the figure illustrates the drop in energy

resource availability if each one of these nations or regions were shut off
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suddenly from its current importation from outside energy sources.

In the case of the United States and the Soviet Union (and China) these
effects--though possibly severe in the short run--are shown to have no
Tong-term lasting impact. However, on Western Europe and Japan, key members
of westerr industrial society, che effects would be severe, in some cases
extremely severe, relegating natioms like Japan, for example, to the status
of at most an intermediate, less developed country.

This dependence leads to a continuing flow of economic resources ($30
billion 2 year in the case of the United States) to the energy source
countries. While in the case of the United States, other medium- to long-
term options are cleariy available, the United States also has to take into
account the fate of other wostern industrial nations in worldwide economic
developments, given the high interdependence of all economic systems in
international trade and other relations (for example, resources allocated
to common defense).

6.2 Control of Transportation Rwutes

Another noteworthy fact is that, in addition to thre er2rgy source
countries and their enhanced economic and political position in the fore-

seeable future, fossil eneray sources have to be transported to the con-

suming nations. Hence, the control or avoidance of interference i.to world

trade transport routes is equally important and has significant political,
as well 2s economic implications. The fate of importing nations, in the
case of a severe crisis, is not only determined by the energy scurce
countries but also by the nations that control the transportation routes.
In this case, clearly, the control and guarantee of oversea routes gives

the United States a ratner strong position in the foreseeable future.
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However, such routes can be endangered, and at least temporarily influenced
by even minor acts of irrationality. The exit of the Persian Gulf is one
such example of a weak link which could be endangered.

The successful development of an SPS would constitute a dramatic
realigmment of economic interests and, in consequence, also political rela-
tions, essentially in the direction of the status quo ante: the situation
before the 0il embargo of 1973.

The large-scale deployment of an SPS fleet, a space-based technology,
would in some sense increase the position of the United States in inter-
national relations for some time to come even if the fleet were developed
under some multinational or international banner. It can be expected that
the United States for some time will maintain a strong technological lead
in space-basad technology, exterding over a wide variety of critical compo-
nents necessary for the successful deployment and operation of SPS systems.
Thus, it would give the United States a technclogy monopoly in terms of
systems hardward, systems operations and know-how that other nations would
probably find diffi-ult to duplicate without the cooperation of the United
States in several critical areas. Western Europe and Japan can be expected
to also make rapid progress in SPS technology areas, and probably should
openly compete for subsystems o even complete system components. However,
the United States, in the foreseeable future, would still control one

essential feature--the space transportation system--and, hence, the access,

maintenance, deployment, as well as retrieval of SPS system components.

The United States would have de facto control of the system.

In terms of the flow of monetary funds, a successful full-scale imple-

mentation of SPS could potentially lead to a "savings" of $30 billion of
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funds annually, if the current level of 0il imports can be substituted by
SP<-generated energy. However, in the context of the overall importance of
energy in economic systems, this is a secondary consideration. In effect,
for discussion purposes, a point could be made that the f ow of $30 billion
of funds from a highly advanced industrial nation to less developed areas
comprising most of the OPEC countries may not be all that undesirable in
the context of long-term development aspirations of nations. However, at
the present time, much of these resources are returned to the United States
and other developed nations in the form of arms purchases--a purpose with
dubious benefits to the purchasing countries.

In terms of total flow of funds and resources, the successful develop-
ment of SPS would, however, mea: a dramatic qualitative change in resource
requirements and, hence, also in economic dependencies. Taking the case of
the United States, various energy consumption requirements can be projected
over the next 75 to 100 years (with all the ensuing uncertainties as to the
accuracy of such projections). Using some of the current large models
used by ERDA and other research organizations, energy consumption levels
in monetary terms of betwean $700 billion and $1,0C0 billion or more annu-
ally, 75 to 100 years hence, seem not completely unreasonable in the context
of current energy consumption patterns in the United States with minimel
growth projections. The complete provision of energy, ultimately, through
a highly economic SPS would have implications that go far beyond the current
considerations about "cutside” 0il dependencies. A "cheap" SPS substituting
for these rather iarge projected resource requirements would have implica-
tions to the United States to an extent that is not measureable to any

accuracy. At best, one can consider the availability of an additional $700
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billion in disposable resources in the United States as an extremely
challenging task

6.3 Industrial versus Less Developed Countries: The Equitable Access
Yo Limited Energy Resources

Each of the above considerations we believe to be, in the long run,
secondary to an even larger and even more important issue. If one accepts
the premise that energy consumption--hopefully less wasteful than currently
in the United States--is an underlying necessary condition to the economic
development of industrial societies, the provision and development of an

inexhaustible energy source, available to all nations, has to be seen in an

entirely different context. Table 6.1 lists energy production and con-
sumption for several world regions, including the United States and the

3 rhe

European economic community, as well as worldwide data for 1970.
calculations shown in this table are simple: taking the per capita energy
consumption of the United States in 1970 as the standard (a premise many
would dispute as an efficient pattern of energy use), similar levels of

potential energy consumption are calculated for different regions such as
the Soviet Union, the EEC, Japan and the world. It might be reasonable,

on the other extreme, to submit that the energy consumption levels in the

United States in 1970 were 50 percent higher than efficient energy use

patterns would require. In this case, assume that by the year 2000, with

even minimal growth in energy use requirements, the 1970 level of energy
consumption in the United States is an "efficient" (that is, not wasteful)
per_capita energy use pattern for the year 2000. That is, energy use
efficiency in the United States by the year 2000 would be increased two-
fold, a rather audacious assumption. By taking these numbers or "pro-

jections” to the year 2000, the table points out that with no population
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Table 6.1 Energy Production/Consumption by !lajor Regions

RN qumﬁ
Total(in 106 metric tons of coal equivalents)
Per Capita(in metric‘tgns of coal equivalents)
970
“potentisl - 1970"
Energy Consumption at U.S, Rate 1970
Actud) GAP
Per Capita Deficit Actus)-Potential 3
Region Poputation Production Consumption Consumption Prod.-Cons. Potential Consumption Actual
United States 205 2,054 2,282 1A -228 n.ae. n.s.
Soviet Union 243 1,213 1,079 4.4 + 2,897 -1,618 40
EEC (6)" 188 321 m 4.1 -456 2,087 -1,310 3
gec (9)"" 284 514 1,228 4.3 14 3,152 -1,924 39
Japan 104 55 332 3.2 =277 1,154 - 882 29
China 760 420 426 .5 + 8,436 -8,010 5
World 3,707 7,000 6,84] 1.8 + 41,148 «34,305
World 2,8N 3,164 1,922 .7 + 31,868 -29,946 6
4 Regions

n.a. = not applicable
’6 Countries

1 1]
9 Countries

Source: Heiss, Klaus P., Klaus Knorr, Oskar Morgenstern.

and Military Forecasting. Cambridge: B8allinger Publishing Co., 1973,

Long Term Projections of Power: Political, Economic,

RIrTvad gooq

40
VNIOT¥O

SI 39vd ‘1



growth worldwide, a dramstic discrepancy exists between developed indus-
trial nations and less developed countries in the production and use of
energy resources worldwide. While the actual energy production in 197C was
about 7 billion metric tons of coal equivalents, the extension of the
identical standard worldwide would have required a production of energy

resources equivalent to 41 billion metric tons, a clearly impossible 1-vel

of fossil energy resource production, even if these resources were availa-
ble to these nations. .
What this points out, in rough outline, is that over the next several

decades severe conflicts will develop between the interests of industrial

societies and the interests of less developed regions of the world, with
regard to access to energy resources, their dispositiorn and their use
worldwide. Since population worldwide is not a static pheromenon, the
conflict of interest with regard to access and the use of energy resources
outlined in Table 6.1 can only be exacerbated. We see no feasible develop-
ment of current fossil or even fission-based technology. with ensuing
waste disposal and proliferation issues, that can satisfy the aspirations
of all nations, with regard to access to energy sources, whatever the
ingenuity of economic, political and technical arrangements might be.
Concurrent with this large, substantive gap between industrial and less
developed nations, many other already existing social conflicts can only
worsen. To some extent, the current conflict between industrial and less
developed nations may already be but a reflection of the inequitable access
to energy sources by these diverse nations: While industrial nations,

even without access to their own fossil energy sources, can pay in real

terms to the few nations that are in possession of such resources, less
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developed countries outside of OPEC have neither the energy resources nor
the economic resources to pay for the importation of energy. It is a
dilemma that cannot be solved, no matter how generous a foreign aid program
might be agreed upon.

While this is not advocating the SPS as “the" ultimate promise to
solve all problems, which it clearly will not, the SPS is clecrly one of a
very few inexhaustible energy alternatives presently under con:ideration
for development. Other technologies along these lines would inclide fusion
and possibly OTEC (ocean thermal). What makes SPS attractive in this
general context is that the technical principles of SPS are clearly known
and demonstrated to produce a net energy output--something not yet achieved
in the area of fusion technology--and there is also an assurance that at
some known upper cost 1imit, say $20 to $40 billion per SPS unit, indeed
such energy systems can be constructed, deployed and operated. The development
of SPS prototype programs in total cost may amount to just the budget of
one year's funds expended today by the United States on oil imports: $30
to $40 billion.

6.4 Future Study Topics

A study to evaluate the benefits of SPS in international trade would
seek to quantify the issues discussed above. The work would focus in five
task areas described below.

Task 1. World Energy Forecasting Models

This task would address the imports and exports of energy to the
United States and other nations during the time period of interest. A

number of energy supply and demand models exist. These models would be
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reviewed and one or more of the most appropriate models selected for use.
The objective will be to obtain a capability to forecast energy supply and
demand by nation or region over, say, the next 50 years, subject to a
number of different assumptions on resource supply, economic growth of
developing nations, and the development of new energy technologies. The
selected model(s) would be modified as necessary to determine the impact of
an SPS on energy flow worldwide.

Task 2. The Impact of SPS on International Energy Markets

The energy supply and demand forecasting models developed under Task 1
would be exercised to determine the impact of SPS on world energy con-
sumption, subject, parametrically, to assumptions on the cost and supply as
a function of time of SPS-generated power, and on the availability of
alternative energy sources such as fusion. The result of this task would
be projections of enerqgy imports and exports by the United States and by
other nations or world regions, as a function of time, both with and with-
out SPS. The differences due to SPS would then be identified.

Task 3. Benefits of SPS in International Trade

This task would quantify the economic benefits ¢f SPS in international
trade associated with the impact that SPS would have on world energy imports
and exports as obtained from Task 2. It is observed that SPS could result
in enormous increases in disposable resources in the United States. This
task would translate that increase into a net welfare to U.S. society.

Task 4. The Impact of SPS on Energy Distribution

It is observed that energy resources are not often located in energy
consuming areas. This is a particularly key problem for developing nations

that cannot pay to import energy and yet have no significant energy resources
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within their boundaries. This task would analyze the impact of SPS tech-
nology on the potential energy supply for the developing nations and the
resultant change in their rate of development The impact of these changes
on the United States in terms of imports andexport markets for non-energy
commodities, the requiremeats for national defense, and on the balance of
power would be assessed.

Task 5. The Use of SPS for Peak Load Following

The requirements for electrical power vary as a function of the time
of day and day of the year. In theory, at least, it would be possible with
an SPS fleet (perhaps using orbits other than geosynchronous) to follow the
peak power loads around the world, north and south hemispheres, as a function
of the time of day and day of the year. This could effectively increase the
economic worth of the SPS. This task would identify the peak versuc base
loads of various regions of the world and then identify potential SPS-gener-
ated energy imports and exports as a function of time. It would then assess
the incremental value of an SPS fleet given a load-following of the capability
versus a “"fixed" mode of operation, as a function of the differential costs
of peak versus base load power generation.

Clearly, the impact of an SPS in international trade would be very
extensive and a thorough study of this potentia’ impact would itself be
an extensive undertaking. The above tasks would quantify some of the more
fundamental issues at a reasonable level of effort (one-to-two man years)

and pave the way for a more substantive study to follow.
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7. SPS PROGRAMMATIC PLANNING

This section considers a number of issues related to SPS programmatic
planning in the framework of the United States Federal Government. First,
an overview of long-range programs and government support is presented.
Then a discussion of the funding of the magnelic containment fusion program
is given. Finally, the insights presented are applied to the SPS program.

1t is observed that the fusion research program was, for many years,
relatively small and that only recently has it taken on the role of a major
area of federal energy research and development. Concurrent with this
transition, tusion research is being challenged by a number of competing
programs. The SPS program compares only with the fusion program as it
stands today. Relatively large funding levels would be required early in
the program, while considerable uncertainty remains in the ultimate outcome
of the endeavor. The requirement for large investments well before demon-
stration of concept feasibility places an added emphasis on economic, tech-
nical, environmental, and legal/institutional analyses for convincing rele-
vant officials to support the program. SPS represents certain significant
departures from present practice that will need to be accepted if the pro-
gram is to proceed. SPS could represent man's first reliance on space for
his daily neads. To obtain SPS will require a new role for man in space,
as an active participant in a major new system. SPS will also represent
a tendency toward centralized solar power during a time when the general
trend is toward decentralization of energy productior by the implementation

of solar technologies.
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7.1 Long-Range Programs and Government Support

A veteran manager of government R&D programs suggested several yvars
ago “hat

The strategy o” developing a long-term technology is one of

the most difficult problems the governiient faces. The pressure

is always to concentrate on the near-term payoff. Yet we

must procegd with advanged high-technology programs ?lso--and

rave the faith and persistence to carry them through
Although this was said in the context ot the NASA/AEC NERVA (Nuclear Engine
for Rocket Vehicle Application) program, s::zilar ccmplaints have been -choed
by the managers of most large-scale government applied research and develop-
ment programs. And the complaints are not without basis. Most recently,
for example, the Carter Administration announced its intention to reduce
funding for nuclear fusion research by $30 million from President Ford's
final budget request of $513 million. This cut is said to reflect "the
intention of Mr. Carter and his top energy officials to switch energy fund-
ing emphasis from long-term prog-ams to ones that will show benefits within
a few years.“2

It may be difficult to plan and carry out a long-range expensive,
high-tecnnology development program under government sponsorship, but it
is not imnossible. The Apollo program is a singular example of such
success; in some ways, so is the light-water nuclear reactor program. This
analysis attempts to identify some of the factors which relate to the pos-
sipility of successfully undertaking a larg~-scale enterprise and some of
the barriers to such an undertaking.

This analysis arques, in the words of former NASA Administrator James

E. Webb. that
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In our pluralistic society any major public undertaking requires

for success, a working consensus among diverse individuals,

groups, and interests. A decision to do a large, corplex job

cannot simply be reached “at the top"™ and then carried through.

Only through an intricate process can a major undertaking be

gotten underway, and only through a continuation of that process

car. it be kept going.3
Applied to the issue of how, in the context of federal funding and annual
budgetary review, an SPS program wmight be initiated and carried through to
a determination if such a program is in the national interest, such a view-
point suggests that SPS programmatic planning must be understood in politi-
cal, as well as economic and technical, terms. For "what distinguishes
programs in government is not that some play politics and others do not,
but, rather, that some are better at it than others.... Success requires
skill in bureaucratic :Jlitics.'4

At the outset, it should be clearly stated that the fact that budget
reviews and subsequent allocation of resources on an annual basis would be
characteristic of an SPS development program is not seen as a major issue.
A1l R&D programs (except perhaps the most fundamental research) undergo
some form of evaluation on at least an annual basis, whether the source of
funds for those projects is govermment or industry. What is different, and
problematic, is that the criteria used to evaluate a govermment-funded R&D
project are broader than the criteria used tc evaluate a privately funded
project. In addition, the organizatiomal context of government programs is
quite different than in the private sector. Funding comes through a com-
plex process involving interactions among agencies, the Presidency, and

Congres-. Elements of this process are open to outside scrutiny,
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intervention, and influence. Program management is the responsibility of
officials either appointed by the President or answerable to such officials.
This 1=ads an overtly political dimension to program control (as it should
in ¢ déﬁprzatic government). Congressional oversight of administrative
pé}fbrﬁéﬁée is also a constant reality. From this perspective, program
planningfis a “dynamic process by which both inside and outside interests

rive at a new balance of pouer‘5

which provides the basis of support for
a large-scale program during its lifetime.

It should also be clear that the term political is not used here in a
negative sense. Politics is seen as one system of conflict resolution, in
the inevitable situation of different actors with different priorities com-
peting for control over scarce resources. Politics is a means of establish-
ing a set of priorities for allocating resources when no analytical criteria
for priority setting exist.

It is particularly difficult, given the nature of the American politi-
cal system, to gain initial approval of large-scale enterprises, the results
of which will be long in coming. The time horizons of political leaders
tend to be short, and there is constant pressure to allocate resources to
undertakings with relatively quick payoffs. “Securing approval of a large
or novel project generally requires a major campaign to generate support
both inside and outsida the government. One or more credible principle
advocates, capable of attracting attention and cupport, are usually

necessar:y."6

The rale of "policy entrepreneurs" has been frequently noted:
In their quest for funding and political authority, they

use every available weapon: pressure from various con-

stituencies and groups, aggressive selling inside govern-

ment, attracting Congressmen as innovators or as protec-

tors (Congressmen who in turn often lobby other Congressmen),
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pressuring the White House as well as receiving pressure
from the White House, and so on through a diverse range
of opportunities and strategies.

Priorities are established by aggressive entrepreneurs at

the operating level of govermment. Programs prosper because

energetic division directors build political support to

withstand continuous_attacks wpon a program's resource base

by competing claims.’

The problem of establishing and maintaining an adequate base of politi-
cal support for a program is more difficult when program benefits will not
be evident until a significant time after major resource commitments must
be made. "Society needs as much assurance of success as it can have when

8 But, since it is in the nature

it commits its resources in large amounts.”
of R&D programs that their outcomes are uncertain, some means must be found
to minimize as many critical uncertainties as possible before major resource
commitments are needed, and to assure program supporters that remaining
uncertainties are being addressed in a logical marner. This is one of the
areas in which intelligent program planning, coupled with close and open
comnunicatior with the program's supporters (and potential or actual oppo-
nents), can have highest payoff.

One aspect of prugram planning peculiar to technology progracs has
been described as a “lead-time dilemma." This is the probiem posed by the
necessity for decisions on future phases of R8D programs prior to the com-
pletion and evaluation of current phases. In this situation, there is
strong pressure on prcgram managers for some demonstration of what is being
accomplished. 1n providing such demonstrations, "care must be exercised
that the accumulation of these contrived performance data does not distort

the operating system or swerve it from its major goal.“9



There are other dangers in attempting to provide early demonstrations
of program results. Large-scale enterprises tend to be subject to a
“double standard” on the basis of which “mistakes are heavily taxed.™ Webb
notes that “the reporting of successes and failures is frequently keyed to
the spectacular or controversial. Since continued support usually depends
on results, failures or the sensational forecasts of failures reduce internal
self-coniidence and undermine the essential element of external support:."‘0

A constant danger of federally supported R&D programs is that they
will be perpetuated, rather than completed. It appears to be easier "to
initiate development progriE§ than to terminate or complete them.” From a
program's perspective, perpetuation may be better than death, byt it is

“usually akin to chronic i1l health and ma'lnutrition."n

This suggests the
importance ¢f achieving enough support not only for program initiation but
also, and particularly, for vitality throughout a program's lifetime.

In order to gain and keep support, a program's managers may have to
adopt a mix of strategies keyed to the various interests which compose the
supporting coalition. One approach may be taken toward mobilizing support
within the technical community; ancther, with respect to other elements of
the agency within which the program operates and with other elements of the
bureaucracy; a third, with respect to the White House, OMB, and other parts
of the Executive Office; a fourth, and probably very different, strategy
with respect to Congress; and perhaps another approach for potential users
of the program's results, especially in situations where those users are
outside the government, as is the case for SPS. In each situation, it is
the task of the program manager and his agency superiors to match program

objectives and potential results to the needs and interests of potential

supporters.
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Such a matching process is "political,” but political factors are
part of the environment of a government-funded program as much as are
technical and economic factors. Making political bargains and commitments
is an essential part of the executive's task. Webb remarks:

Can the executive in charge simply point to his mandate to
do a good job and demand that he be given what he needs to
carry .. on to completion? The executive who stands too
firm in this posture is almost certain to fail. The sophis-
ticated might say that the executive willing to make adjust-
ments is little better off, since he becomes a bargainer
likely to compromise the essence of the endeavor. While
this may be true, it should not be true. An executive can
extend art of the possible to that of the best

possible. 2

Various approaches are available to creating and maintaining support
for a program within its bureaucratic environment. Sapolsky, in his anal-
ysis of the Polaris system development, identifies four such strategies.

1. Differentiation: "attempts of organizations to establish

unchallengable claims on valued resources by distinguishing
their own products or programs from those of their competi-
tors"”

2. Co-optation: "attempts of an organization to absorb new

elements into its leadership or policy-determining struc-
ture ... as a means of averting threats to its stability
or existence"

3. Moderation: "attempts of organizations to build long-term
support for their programs by sacrificing short-term gains"

4. Managerial innovation: ‘"attempts of an organization to
achieve autonomy in the direction of a complex and risky
program through the introduction of managerial techniques
that appear to indicate unique managerial competence."13
It is relatively straightforward to see how these strategies could be em-
ployed in the context of any large-scale program. The primary goal of such
strategies is "uncertainty control,” that is, control over outcomes which

might be influenced by actors in an organization's environment. It is a
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tendency of all organizations to “"seek self-control or the ability to act

independent of envirommental forces."14

The process of getting and keeping the support of Congress for a
large-scale enterprise is rather different, as one might assume given the
difference between the bureaucratic structure of the executive branch and
the nonmonolithic, nonhierarchial characteristics of Congress. An acknowl-
edged master at agency-Congressional relations is James Webb, and it is
probably not possible to improve on his analysis of how to make that rela-
tionship work.

A major concern of every large-scale endeavor is securing from
the Congress the centinuing support necessary for specific pro-
jects and the buildup and maintenance of momentum. More than
has been generally recognized, assured continuity of support is
of critical importance to the large, complex endeavor, particu-
larly where the time span between the inception and achievement
of goals is long. Once the endeavor has been planned and is
under way, it cannot interrupt the established pattern without
severe losses. Yet the endeavor, like any other government
undertaking, is subject to the normal budget authorization-
appropriation process. This process and the urgent need for
continuity keep the endeavor and its executives continuously
under the gun.

Given our governmental processes, there obviously can be no
guarantee and no certainty from one budget period to another
that funds will be appropriated. The criteria for judging the
endeavor--from the standpoint of relative urgency of goals and
worth of performance--are subject to quick and far-reaching
changes. It is entirely possible that an endeavor that had
been strongly and enthusiastically endorsed on all sides at
its inception and was making good progress toward its goals
migkt >uddenly find itself in support trouble as a result of
changes completely beyond its own control. An important fac-
tor may involve changes in the public mood--changes in basic
public attitudes toward the goals being sought. Congress is
highly sensitive to such changes, and as endeavors become more
and more complex, a greater and greater degree of ccenfidence
and trust is required to maintain essential levels of support.

The successful erecutive will accept that the basic purpose of
Congress and its leaders is the same as his own: the furtherance
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of the national interest. He will avoid the pitfall of
assuming that the Congress is on one side and he on another.

He will avoid taking unalterable pesitions and stances. Above
the "line" he has drawn he will compromise when this is clearly
necessary and when he can do so without violence to his own

and the endeavor's integrity. If he is forced downward toward
his line, he will resist and make clear that he will not cross
it.

The successful executive will readily accede to congressional
participation in areas where its committees or members have a
proper concern. He will, in fact, welcome and facilitate this
participation. He will not let fear of influence or efforts to
control paralyze his ability to work with and draw strength
from congressional counsel and assistance. He will recognize
that a stand-off attitude toward Congress--as a whole, to its
committees, or to interested members--is the surest way to
create problems.

More is required than simply keeping the Congress informed of
what is going on. The executive and his associates must have
an ability to sense the congressional pulse and to adjust to
the implications of changes in moods and attitudes. A success-
ful large-scale endeavor must have adequate means for letting
Congress know what is going on and obtaining a continuing
feedback from Congress, and the feedback cannot be limited to
the requirements of the endeavor as a whole or to just enougn

to satisfy the needs of its chief execvtive. It must be availa-
ble and usable at every level of the organization.

Congressional commitment to large endeavors can be seriously
undermined by a failure of communication regarding problems
and problem areas. The Congress must be kept advised, and on
a timely basis, of untoward developments that impede or
threaten the success of the endeavor. The executive must have
a means of communication that keeps him informed of weaknesses
and adverse developments in the work program, and he must keep
open a channel to let Congress know of impending trouble.

Contacts and exchanges with individual members, both from within
and outside the coomittees, importantly complement and supple-
ment work with the committees. Within the Congress there are
always a number of members with great knowledge, experience, and
wisdom in general and special affairs of government. Some have
particular competerre in special fields. Many se> the total
legislative-executive-public sentiment comple: more clearly than
busy executives. Many can sense political pressure areas or po-
tentials for conflict of interest before they arise. They have
trained themselves to do so, and their advice is of great value
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to those conducting the large special enterprise. The success-
ful executive knows that it is important to maintain relation-
ships of mutual respect with them. Trust, thus established,
serves as a basis for frank person-to-person exchanges, for the
development of an appreciation of respective responsibilities
and obligations, and for a shared approach to problem solving.
Such trust is essential in the effective use of the great powers
entrusted to administrators and legislators in our government;
without it the aggregation of power needed to_accomplish great
tasks would not be possible under our system.

A particular feature of Congressional involvement in large-scale
enterprises is that it often takes place in the context of annual budget
reviews. Webb is also quite perceptive on the positive and negative fea-
tures of this process.

Some students of our federal system argue that our budgetary
procedures should b2 so adjusted as to free large and complex
endeavors from the uncertainties and vagaries of the annual
authorization-appropriation process. They say that once a
major undertaking like the space program or an urban renewal
program is underway, too much is at stake to risk loss in
momentum or a serious change in direction every twelve months;
that given the complexity and importance of these things, they
cannot be intermittently slowed down and speeded up, turned

on and turned off, or shifted from one course to arother without
great damage and waste of resources; and that arrangements
should be devised whereby they can be assured of support over
a term commensurate with the lead time involved in their jobs
(i.e., three to five years).

There is much to be said for this view. From the standpoint
of orderliness and effectiveness in our use of the large-scale
approach, the ability to plan and operate at a committed
budgetary level for periods up to several years would yield
great advantages. Also, a longer period between appraisals
would allow a more penetrating evaluation of performance and
enable the endeavor tc rend«i a more meaningful accounting

than is possible under the annual authorization and annual
appropriation system. 7This would better enable citizens to
understand and judge the worth of the job being done. On the
other hand, consiaering the great concentration of resources
and power that the large-scale endeavor represents and the far-
reaching consequences that would follow from abuses, there must
be effective means to protect the interests of society. A
large-scale endeavor involving the expenditure of billions of
dollars, the employment of hundreds of thousands of persons,
and the reordering of whole communities and many of our great
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economic enterprises can have a mammoth impact. Unless kept

under close observation and wise restraint, it could do great

damage.16

Another student of the budget process, Willis Shapley, has precisely
portrayed the mixed results of the annual budget process. He notes that
"it simply has to be recognized, on one hand, that continuity of progress
requires advance budgetary commitments, while at the same time prudent
management and healthy skepticism may be fully justified in resisting them."
Further,

Only in the case of top priority national programs...do the

planners have the luxury of drawi:; up and expecting to be

permitted to follow an optimum schedule to achieve earliest

success or minimum cost. Most projects must accept the delays
and inefficiencies of reevaluation at each major decision point.

The desire to be guaranteed support and to be freed from the
worries of the budget is not peculiar to those concerned with
researsh; indeed it is probably];he ultimate dream of every

federai program and bureaucrat.

As Shapley says, the discipline of the budget process, both within
the executive branch and within Congress, is unlikely to disappear for
government-funded R&D programs. In order to match program planning to the
requirements of annual review, Shapley suggests that program managers
attach a "special premium on budget and program planning which identifies
in advance the key commitments and decision points an. matches them with
the experimental and study results that will be available." Finally, he
reminds managers of what should be self-evident: "the best strategy for
securing support....is .- have a good case and see that it is presented

ciearly and for‘cefu'lly."]8
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7.2 Magnetic Containment Fusion Program

Some feeling for the ways in which the preceding general analysis can
provide insights into programmatic aspects of a specific long-range high-
technology enterprise can be gleaned from applying it to the magnetic con-
tainment fusion power program. As noted earlier, this program has had a
recent budgetary cutback, and has reached its current state "through a
succession of scientific and financial crises."‘9 A recent review of the
fusion program described it "as the only technology to be identified as an
energy option before it has shown the ability to produce energy.“20

The U.S. fusion program had its origins, in one sense, in the 1952
explosion of a thermonuclear device; this demonstrated that enormously
and rapidly elevating the temperature of gaseous collections of electri-
cally charged particles (plasma) could set off fusion reactions and conse-
quent release of fusion energy. The program since that time has, in essence,
been searching for a more controlled way of releasing such energy. The
major approach to such control has been attempts to experimentally confine
plasma using strong magnetic fields and, on the basis of the results of
such experiments, to design reactors embodving the magnetic containment
notion.

The program has developed in two major stages. Before 1971, there
was consensus that "scientifically speaking, controlled fusion is probably

n2l

attainable. But to that point, experimental results had been mixed, and

the program was characterized as "a victim of false early enthusiasm."22
The then-director of AEC's Division of Controlled Thermonuclear Research,
Robert L. Hirsch, in 1973 told Congress that "plasma physics is an extreme-

1y complicated science. We found that out rather embarrassingly in the
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early years of the program. People looked at it and, with no experience

on which to judge it, thought the problems were going to be relatively

easy. And they turned out to be quite difficult."23

But, in late 1971, the managers of the fusion program stopped sayirg
to Congress "we don't know how to do it," and started to say that with-
sufficient funds a demonstration fusion reactor could be built by 1995.

New experimental machines were requested and approved, considerable
money was spent for reactor studies for the first time, and plans
were made for extensive test facilities to assess the special
materials and engineering problems of fusion. GTach year Robert
Hirsch, director of the magnetic fusion program during the past

5 years, stressed new improvements in plasma performance, the
optimism of the researchers, and the need fcr more money because
of the intrinsic difficulty of the problem.

The selling of fusion has been extremely successful. The mag-
netic fusion budget has exploded from 338 million in fiscal
1973 to $279 million in the upcoming fiscal year....

The rapid buildup of the fusion prograw coincided with a great
perceived need for alternative solutions to the energy problem,
and energy analysts have stopped saying "if" fusion can be
controlled and started talking about "when" fusion will become
available. But no fusion machine has come close to producing
more power than it consumes. and quest1ons about how effective
various inventions will be at giving the plasma conditions
(temperature and longevity) needed for a reactor are still of
paramount importance.

By 1976, the fusion reactor program hau become an activity of ERDA's
Solar, Geothermal and Advanced Energy Svstems office, and the ERDA Division
of Magnetic Fusion Energy issued an zlaborate five-volume program plan

for Fusion Power by Magnetic Containment (ERDA 76/110). This plan described

a range of program options, bLut gave most attention to one in which a
demonstration of a pure fusion central electric power station for commer-
cial application could be achieved in the "late 1990s" at a cost (in FY 1978

dollars) of $15.5 billion. It appears at this writing tkat such an
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ambitious plan has not won the support of the Carter Administration, and
it is probable that tne fusion program will proceed at a less aggressive
pace. ‘

This brief and superficial summary of the magnetic containment fusion
program is not an adequate basis for an in-depth analysis of the program,
but it may serve as a basis for some discussion of how the program has
persisted through a period of little demonstrated success and how, on the
basis of somewhat limited experimental success, a major development program
can be prooosed.

Until recently, the amount of funding required for continuation of the
magnetic containment fusion program was not large, and the program's efforts
were in the fundamental and applied research arena much more than in a devel-
opment phase. In this situation, given the initial decision to begin the
program, it was much more likely that the program would continue than that
it would be terminated. In a sense, the fusion program was small enough in
resource demands to go unnoticed in the "noise" of the much larger fission
program. Given a potentially very large payoff, the relative lack of pressure
for cuick returns, the friendly relationships between the Atomic Energy Com-
mission and the Joint Committee on Atomic Energy, and the interest of relevant
portions of the technical community in the program, it was not surprising that
the program was able tc continue even without demonstrated success. There was
a feeling that funding for fusion research was an investment with long payback
time and relatively high risk of failure, and these were acceptable conditions
to those who had to support the program.

Since 1971, with the emergence of the fusion program as an aggressive

candidate for a larger share of the energy R&D budget, the situation has
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been much changed. The coming together of the “"energy crisis,” the
creation of ERDA and the resulting emphasis on developing a wide variety
of energy options, positive results from fusion experiments, and a recog-
nized need for substantially increased resources in order to move to the
next phases of the program, created a context for the "selling" of the
fusion prograa.

The elaborate program plan for Fusion Power by Magnetic Containment

(tRDA-76/110), for example, may be seen as an effort at using a strategy of
"managerial innovation" in gaining support for the program. By explicitly
noting the complex, interrelated, and long-term nature of the program and
by suggesting that the program's managers are in control of these complexi-
ties and interralationships, the program plan creates an impression of com-
petence and direction to the program. Thus, in addition to its obvious
technical value for program management and control, this document has alsu
a certain political value.

Tuat the selling of the fusion program has not bzen totally successful,
however, may be suggested by recent budget cutbacks. Although it is not
possible to specify with certainty why the coalition supporting the fusion
program was not strong enough to prevent such cutbacks, some hypotheses can
be advanced. For one thing, government-supported energy research projects
are qualitatively different from space or defense projects in that the
ultimate user of research results is not the government itself, but the pri-
vate sector. Thus, it is important to the political success of a program
that relevant users be supportive. There is some indication that this was
not the case for the fusion program. There were reports in late 1976 that

“fusion power might become a reality more rapidly if the Energy Research
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and Development Administration wnuld pay more attention to the demands and
needs of the utilities that will ultimately run the fusion power plants"
and that "the tokamak magnetic containment reactcors now under intensive
study by ERDA ~re considered by the utilities to be too big, too expensive,
and very difficult to maintain.“zs

Another problem with maintaining program support may be that important
elements of the technical community have been cubious of the agyressive
manner in which the program was being promoted by its managers. For example,
one prominent researcher was repurted to have said that "what bothers me is
not that [ERDA] is going into puwer production too quickly, but that they are
selling what is an experimert, which may or may not work, as a ce v" and
other scientists were worried that the emphasis on early power ™ uCu..
"was a gamble that gains support from the Administration and Con_ -~ . Cw,
but may sour them on the fusion program if the project is less than
successful.“26

There is also some suggestion that the fusion program is recognized as
a potential competitor for resources by supporters of other energy R&D pro-
grams, especially the breeder reactor prugram. Some manifestation of this
appeared as early as 1973 when Representative Mike McCormack, a supporter
of the fusion program, clash- 1 with Representative Chet Holifield, a
champion of the LMFBR, over increased funding for the fusion program.27

The attempts to gain support for the fusion program by underplaying
uncertainties and stressing positive results have created for the program
risky status, one in which "fusion's expanding success coupled with its

increasingly evident difficulty will remain a hard mixture to manage; it

could easily inspire ralse optimism or false pessimism--and, either way,
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wrong judgsents."28 Perhaps the primary insight from this brief analysis
of the magnetic containment fusion program is just how difficult is the
task of organizipg and managing large-scale tecknological enterprises.
7.3 SPS Program and Long-Rarge Planning

Both the general discussion of how government-supported long-range
programs are initiated and maintained and the analysis of the magnetic
containment fusion program are suggestive of issues that are likely to
arise during the course of an SPS program. As a multi-billion dollar
development effort extending over the better part of two decades, the S°S
program will require strong and sustained suppori from a diverse constituency.
Like the fusion effort, the SPS program will require the support of the elec-
tric power industry, and thus the supporting coalition will have to include
relevant private sector interests. Because a wide range of covermment actors
will have a stake in program outcomes, the SPS managers will have to be par-
ticularly skilliul in bureaucratic pelitics. And because Congress will have
to he willing to allucate large resources to the SPS program for many years,
a strong base of Congressicnal support for the program will be essential.

There are some characteristics of the SPS program wnich will have an
impact on how the program relates to its political environment. Perhaps
foremost among these is the fact that the program is critically dependent
on the role of man in routine space operations. Manned space activity has
assumed a symbolic value that probably will transcend its real meaning in
the 198Cs, and there will be strunc political opinions with resgect to
support of any program with a maj.r manned element. SPS managers will
have to decide how best to present the role that man will play in the pro-

gram's evolution. That an SPS program would also require developing a



major new launch vehicle only complicates the task of gaining support for
‘the program.

A Another SPS characteristic likely to influence program support is the
highly ceﬁtra]ized, large-scale nature of the system. Most applications of
solar energy have become linked to a decentralized approach to energy supply:
there seems to be a trend away from dependence on a few large systems for
providing any cruciai aspect of modern life.

Reliance on space technology to meet a crucial human need such as elec-
tricity may pose ditficult attitudinal adjustments among the pubiic and the
policy-making community. To date, space has not played a central role .n
human existence, and the SPS program may be the first instance in which
society has to choose to use space capability for providirg a routine
resource, rather than depend on more conventional, Earth-bound alternatives.
How this choice is presented to society arnd its political representatives
is obviously of crucial importance with respect to gaining approval to
proceed with the program.

Unlike the fusion program, an SPS program is primarily an engineering
rather than scientific undertaking. The magnetic containment fusion pro-
gram has persisted to date even though major scientific uncertainties have
been present; the fusioﬁ program has also been in existence for two decades
without the need for highly visible resource commitments. In contrast, an
SPS prograr could require early large commitments of funding in order to
reduce technical uncertainties and to initiate development of major hardware
elements of the program. This suggests that the problems of mobilizing
support for the SPS program will be significantly different from all but the

mrost recent stages of the fusion program.
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Given that the SPS program implies dependence on a “nonconventional®
energy source and will require commitment of major resources well in
advance of demonstration of system feasibility, the role of economic,
technical, environmental, and legal/institutional analyses in convincing
relevant officials to support the program is likely to be critical. These
analyses are likely to be the focus of discussion and debate as the poli-
tical system makes and reviews decisions relating to the SPS program. Thus,
supporting analyses will have to be given as much attention as engireering
performance by SPS managers.

This analysis began by suggesting that "the strategy of developing a
Tong-term technology is one of the most difficult problems the government
faces.”™ Mothing said above diminishes that difficulty in the particular
case of the SPS program. But it also pcints out where the difficulty lies.

Finding objectives with high social utility which can be achieved

by a specific time using technologies...which are based on existing

knowledge, is not difficult. What is difficult is creating a base

within the political system which makes it possible for the system's
leaders, while they are considering whether or not to act, to deter-
mine if they can obtain and keep the support necessary for a given
program to be accomplished."29

In the final analysis, then, SPS programmatic planning involves risk-
taking, bureaucratic skill, and the ability to mobilize support--in other

words, effective leadership. Without such direction, it wiil be extremely

difficult for a program such as SPS to become reality.
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8. THE INTERACTION OF SPS WITH GOVERNMENT REGULATORY AGENCIES
AND MAJOR DEPARTMENTS

Govermment regulatory policy has become a pervasive influence in modern
life. Initially, regulatory controls focused on the economic aspects of
private sector activities. In more recent years, regulatory influence has
spread to protection of human health and safety and of the physical environ-
ment. Thus, it shculd come as no surprise that the development of a techno-
logical enterprise as large as the SPS program will involve meeting a wide
variety of requlatory requirements which are enforced by a number of govern-
ment agencies at tha federal, state, local (and perhaps also international)
levels.

This section presents a preliminary schedule of interaction of SPS with
government regulatory agencies and major departments. A multitude of agencies
and departments must be involved in an SPS program if SPS technology is to be
successfully developed and implemented. It is important to identify these
involvements and to properly schedule them in order to prevent program delays
in the future. Important areas of concern involve frequency allocation,
environmental impacts and system regulation. These areas will involve the
State Department, the Environmental Protection Agency, the Federal Communica-
tions Commission and others. The involvement of these agencies and departments
must begin quite soon if an ambitious SPS development schedule is to te
maintained.

8.1 A Preliminary Schedule of Interactions Between SPS and Its Federal
Environment

Table 8.1 lists the major ways in which the SPS progrem is likely to

interact with its federal regulatory environment, based on the SPS program
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plan shown in Figure 8.1. The interactions with other, nonregulatory,
federal agencies are also described briefly. The SPS regulatory interaction
is tiwe phased according to the four phases of SPS program development as
shown in Table 8.1.

Table 8.1 does not list potential interactions between the SPS program
and state or local regulatory agencies, even though such interactions are
inevitable, particularly with respect to such areas as zoning and land use.
Nor does the table discuss potential international regulatory interactions.
At preseni, regulatory regimes at the international level are not well-
developed in most sectors (frequency allocation and perhaps orbital slot
allocation through the WARC being an exception); however, the SPS program
is one of a 2up of technological developments that seem to require
regulation at tne international level (for example, in terms of global ef-
fects of the microwave beam on the atmosphere) in order to function in the
public interest.

The SPS program also seems to present some new regulatoryv challenges
which need to be examined carefuily if the program moves past the systems
definition and exploratory technology phase. Some insight into the nature
of these challenges may be derived from the following questions:

1. The SPS program poses potential threats to human health and
safety (and also to nonhuman life) on earth from operations
which take place in outer space, beyond national boundaries.

Who has regulatory vesponsitility for ensuring that routine
operations in cuter space do no harm on earth?

2. Similarly, who is responsible for protecting the troposphere,
ionosphere or stratosphere, particularly when the impacts of

ectivities carried out by one nation or its citizens affect
citizens of other countries?
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3. How are SPS program managers to anticipate and take account of
the requirements of new international regulatory agencies which
may be in place before the system becomes operational? Is opera-
tion of the system by commercial entities of one nation likely
to be possible under the international political regulatory
conditions of the 1990s?

4. What regulatory requirements will apply to impacts on humans
who are routinely functioning in space as operators or main-
tainers of an SPS system? For example, will occupational
health and safety standards be established? Will requirements
for equal employment opportunity apply?

These questions are meant to be suggestive, not all-inclusive. What
they do imply is that the task of bringing into existence a large-scale
technological system with potentially great benefits, but also with poten-
tially widespread and/or significant risks and costs, will be increasingly
difficult in a world sensitized to the need to quard against abuses against
the “global commons" or against individuals or the physical environment,
when costs are likely to be incurred by others than those to whom the sys-
tem provides benefits.

In Table 8.1, interactions are identified at the point they are most
Tikely to actually occur. This implies anticipatory analyses to ensure that
the program's activities can meet regulatory requirements at the point in
time they are applied. For example, the biological impacts of the microwave
beam should be identified during the system development and exploratory tech-
nology phase (as is planned), but the actual point at which those impacts
must not exceed allowable levels will not come until late in .he technology
advancement phase, when the space subscale test is conducied, or perhaps not
even until full-scale operation begins later in the program’'s development.

In addition to the interactions called out in Table 8.1, the agency or

agencies with primary management responsibility for the 3PS will have to
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prepare preliminary and final environmental impact statements for the over-
all system and probably for its major elements (HLLV, rectennas, new launch
sites, etc.). Preparation of these impact statements will be an on-going
process, particularly during the technology advancement and system develop-
ment phases. The impact statements will be reviewed by a wide range of con-
cerned agencies within the executive branch (as well as by others outside
government), and thus will provide an occasion for interaction between the
SPS program and regulatory agencies. The Council on Environmental Quality,
located in the Executive Office of the President, is responsible for manag-
ing the impact statement review process.

Finally, development of an SPS system, as earlier portions of this
report indicate, will involve both national security and foreign policy
considerations. International agreements on topics like frequency alloca-
tion and orbital slot allocation will be required. The development phases
of the program should be carried out in the context of some understanding
of the mix between international and national ownership and managemer:t
responsibtility for operational SPS systems. These and other considerations
suggest the need for continuing interaction through the phases of the pro-
gram among the program's managers, the Department of State, the Department
of Defense, and most likely the National Security Council and the Office of

Science and Technology Policy in the Executive Office of the President.
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APPENDIX A
{Zzcerpted from latersational Legal Materialz, Vol X, No. 4, July 1971, 5 LA

CoNVENTION ON INTERNATIONAL Liasirtry roR Dasace Cactsed BY
Space OssEcTs®

TRe States Parties to this Convention,

Recognizing the common interest of all mankind in furthering the

exploration end use of outer space for pesceful purposes,

ecalling the Treaty on Principles Governing the Activities of
States in the Exploration and Use of Outer Space, including the
Moon and Other Celestial Bodies,

Taking ints congideradon that, notwithstanding the precautionary
measures to be taker by States and international intergoveromental
organizations iavolved in the launching of space objects, demaze mey
on occasion be caused by such objects,

Recognizing the need to elaborate effective international rules and
procedures conceruing liability for damage caused by space objects
and to ensure, in particylar, the prompt payment under the terms of
this Convention of e full and equitebie measure of compensation to
victims of suck damege,

Believing that the estabiishment of such rules and proc jures will
contribute to the strengthening of internatiopal co-operat 1 in the
field of the exploration and use of c-..er space for peaceful purposes,

Have agreed on the following:

Article

For the purposes .¢ this Convention:

(@) The term ‘‘damage” means loss of life, personal injury or otner
impairment of health; or loss or damege to property of States or
of persons, natural or juridical, or property of internatioral inter-
governmental crganizations;

(») The term “launching’’ in-ludes attempted launchirz;

(¢) The term “launching Stote’ means:

(t) A State which launches or procures the launching .. & space

object;
(i7) A State from whose territory or {aciity a spac. object is
launched; -

(1) The term *‘space object” includes compeonent parts of a space
object as well as its launch vehicle and parts thereof.

Article 11

A launching Staie shall be absolutely liable to pay compensation {or
damage caused by its space obiect on the surface of the earth or to
aircraft in fignt.

s Genera Assazdly Resolatica 2777 . XXVT), 29 November 1971,
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Article 111

Tn the event of damage being caused elewhere than on the surface
of the earth to a space object of one launching State or to persons or
rropert_v on board such a space object by a space object of another
sunching State. the latter | be liable only if the damage is due
10 its feult or the fault of persons for whom it is responsible.

Articke IV

1. In the eveat of damage being caused eizewhere than on the surface

of the eerth 10 1 space object of cne lnanching State or to person< or
perty on board such a space object by 2 space object of ancther

aunching State, and of damage thereby being ceused te & third State
or to its natural or juridical persons, the first two States chall be jointly
snd severally Liable to the thind State, to the extent indicated by the
foliowirg:

{a) Ii the damag- h.: been caused to the third State on the surface
of the earth or to aircrsft in fiizht, their Bebility to the third Siate
shail be absolute; ,

() H the damege has been caused to a space object of the third State
or to persons or praparty or board that space object eisewhere than
on the surface of the earth, their Liability to the third State shall be
based on the fault of either of the first two States or on the fault of
persobs for whem either is responsible.

2. In ell ca &5 of joint end severai liability referred to in paragraph
i. the burden of compensation for the damage shall be apporaoned
between the first two Stetes in accordance with the extent to which
they were at fealt; if the extent of the ‘ault of eech of these States
canoot be established. the burden of corapensation shall be apportioned
equaily becween them. Such apportior.nient shail be without prejudice
to the ri_ht of the third State to seek the entire compensation due under
this Conveation from any or all of the launching States which ar.
ioint!v and severally liable.

Article V

1. Whenever two or more States joiat!ly launch a space object, they
shall be jointly and =everally iiab.: for any damage caused.

2. A launching State which has paic compensetion for Jdamsg-
shall have the right to present a claim jor indemrification to cther
panicipants in the joint launching. The participants in ¢ joint launch-
ing may conclude agreements resarding the «pnorticning among
themselvres of the financial obiication in respect of which they are
jointiv end severallv liabie. Such agreements shall b - ithout prei-
udice 1o the righi of e State sustaining damege to seek the entir:
compensation due under this Tonvention from any or all of the launci-
ing States which are jointy end severaliv lisble.

3. A State from whos. territory or facility a space obje>t is launched
shall be regarded as a participant in a joint 'unching.

Article V1
1. Subject .. e provisionz of parecraph 2. esoneration from

sb-oiute liablity shail Lo cranted to the exient that o launcling
Siate esi-blishes that the d--nsge hes resuiied either wholiy or
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partially from gross negligence or from an act or omission done with
tntent to causé damage on the par: of a claimant State or of naturel
or juridical personas it represents.

2. No exoneration whatever saail be graated in cases where the
damage has resulted from activities conducted by & launching State
which are not in conformity with intamational law including, in pac-
ticular, the Charter of the United Nations sud the Treaty on Prin-

ciples Coverning the Activities of States in the Exploration and Use
Oucsr 3pace, including the Mooa and Other Celestial .
Articls VII

The provisions of this Conventioa shall not spply to demage caused
by a space object of & launching State to:

(a) Natuonals of that launching State;

13) Foreign natiounals during such time ss thev are parvcigating
in the operation of that space ovject frorn the time of its
launching or at any stage theraafter until its descent, or
duricg such time a3 they arz in the immediate vicinity of a
plannel launching or recovery area a3 the result of an in-
vitation by that launching Staze.

Article VIII

1. A State which suifers damage, or whose natu-al oc juridical
persons suffer damage, may presenc to a launching State & ciaim for
compensatioa for such damage.

2. If the State of nationality has got presented a claim, apother
Scate may, in respect of damage sustained in i3 territoc¥ by any
aatural or juridical persoa, preseat s claim o a 'sunching State.

3. If neither the State of nationsality aor the Scate in whose territory
the damage was sustained has presented a claim or notifed its in-
zeation of presenting a ciaim, another State may, in respect of damage
sustained Dy its permaneat residexts, preseac a claim to & lavaching

State. .
Article IX

A claim for compensation for damagsa shail be presented 2o a launca-
ing Scace through dipiomatic cheanels. If a State does zot maiztain
diplomatic reiations with the launching Scate concerned, it may reques:
apother State 3o preseat its ciaim to that lauaching State or otkerwise
renresent its interssts under this Conveation. [t mav aisc presen its
ciaim through the Secretarv-General of the United Nations. provided
tae claiment State and the leunching State are doth Ma2mbers of tha
Caited Nations.

Article X

1. A claim for compensation for damage may be presented to 2
launching State not later than one vear foilowing the date of the oc-
currence »f the dameage or the identification of the 'aunching Scaze
which is liabie.

2. If, however, a Scate does not know of the o.currenca of the dam-
age or has not been able t0 identify the laanching State waich is liabie.
it may present a claim mthia one vear foilowing the Jate on ~hich it
tearne ! o tne aforementicnad facts; howaver. chis persiod shail i
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no event exceed one year following the date on which the State
could reasonadlyv be expected to have learned of the facts through the
exercise of the due diligence.

3. The time-limits:geciﬁed in paragraphs 1 and 2 shall apply even
if the full extent of the damage may not be known. In this event,
however, the claimant State shall be entitled to revise the claim and
submit additional documentation after the expiration of such time-

limits until one year after the full extent of the damage is known.
Articde X1
1. Presentation of a claim to a launching State for compensation for
damage under this Convention shall not require the prior exhaustion
of any local remedies which may bYe svailable to a claimant State or to
patural or juridical persons it represents.
. “ﬁd;:&t.hm g in this Convextion shall fgo::nvent a State, g{ natural Q«;r
i persons it might represent, pursuing s claim in the
courts or sdministrative t.'ibmu!:n}s or agencies of a lsunching State. A
State shall not. however, be entitied to present a cisim under this
Conventioz in respect of the same damage for which a claim is being
ursied in_the courts or administrative tribunals or agencies of &
unching State or under another international agreement which is
binding cn the Siates concerned.

Article XII

The compensat’ o which the lzaunching State shal! be Jiable to pay
for damege under this Convention shall be determined ia accordaace
with internarional law and the principies of justice and equizy. in order
to provide such reparation in respec: of the damage as wiil restore
the person. naturai or juricical, State or internations! orzanization on
whose beha!f the claim is presented to the condition which would have
evisted if the damage had no: occurred.

Articde Xill

Tnless the claimant Siaze and the State [rom which compensation
iz due. under this Convenzion agree on another form oi compensation,
the compencation shsll e paid in the currency of the claimant State
or. if that Sizte so requas:s, in the currency of the State {rom wzich
compansauor. s dae.

Article XV

If no settlement of a claim is arrived at through dipiomatic negotia-
tions as provided for in ar:icle IX. within one vear frem the date on
whick the claimant State notifies the !suaching State that it bes sud-
ruitted the documentation ¢f its cieim, the parties concernad shall
estaolish & Claims Comiission at the request of either party.

Article XV

.. The Ciaims Cermission shail be cormposed of three members:
one apncizied by the clasimant State, one appointec Sy the launching
State and :he third member. the Chairman. 10 be chosen by beth
parties joint'v. Each par:y shall male its appointmen: withic two
months of the request for the establishreent of tae Claims Commissior.
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2. If no sgreement is reached on the choice of the Chairman within
four moaths :hi the request foc the autl;.lishment. of the Cle:;ulns ?org-
mssion, 21 pacty may uest 500!'0_ tary-Gen: ot the
United Natioas to appoint r.hr:thﬁmm within a further period of

two months.
Article XVI

1. If oae ol ihe parties does ot make its appoictment wiihin the
stipulated period, the Chairman shall. at the request oi the othei pasty,
constitute a single-member Claims Commission.

2. Any vecancy which may arise in the Claims Commission for
whatever reason shall be filled by the same procedure adopted for the
original n;&;u‘\;nent. .

3. The Claims Commission shall determine its own procedure.

4. The Claims Commission shall determine tae place or piaces
where it shall sit acd all other adm w..trative matzers.

5. Except in the case of drusic.s xnd awards by a single-member
Commission. all decisions and awarr  .{ “ha Claims Commission shell
be by majority vote.

Article YVII

No increase in the membership of the Claims Commission shall take
lace by reason of two or more cleimant States or launching Scates
joined in any one %mceeding befors ths Commission. The
claimant States s0 joined shall collectively apopoinc one member of
the Commission in the same manrer and subiect to the same coa-
ditons as would be the case for a sinjle claimant State. Whea two or
more launching States are 50 joined, they shall coilectvely appoint
oae member of tne Commission in the same way. II the claimant
States or the laurching States do Dot make the appointment within
the stipulated period, tne Chairman shall constitute 2 single-member

Commission.
drticle XVIIT

The Claims Commission shall decide :he merits of the claim for
compensation and determine the amount 0. compensai’on pavabie,

Article XIX

ii any.

1. The Commission shal act in accordance with the provisions of
acticle XII.

2. The decision of the Commissioa snall be final and dindirg if e
pacties have 50 agreed; otker~ise the Commission snaii rencer a dze’
and recrmmendatory award, whicd the parties shall consider ia good
faith. The Commission shail state “2e reasons for its decision or award.

3. The Commission shail give its decision or award as promptly as
possible and oot iater thaa one yesr from the date of its es:abiisament
unless an extension of this period is found necessary by the Commission.

4. The Commission shatl make its decision or award public. It szail
deliver a certified copv of its decision or award to each of the pariles
and to the Secretary-General of the United Nctions.

Article XX

The expenses in regard :0 the Claims Commission sdail be Sorze
equelly by “he perties, uzless otberwise decided by the Commissioa.
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. Article XX1

If the danage caused by & space object presents a large-scale damage
to human life or seriously interferes witk the living conditions of the
population or the functioning of vital centres, the States Parties, and in
particuiar the launching Siate, shall examine the ibility of render-
Ing appropriate and rapid assistance wo the State which has sufiered the
dsmage, when it so re%uests. Howerer, pcthing in this article shall
afiec: the rights or obligations of the States Parties under this

Convention.
Article XX 11

1. In this Convention. with the excep:zion of articles XXIV to
XXVTII. references to States shall be deemed o apply to any inter-
naticnal intergoverrmental organization which conducis space
acuvities if the organization declares its acceptance of the rights and
obligations provided for in this Conventra and if 3 mwajority of the
States members of the orgerization are State: Farties o thic Conven-
tion and to the Treaty or Principies Governing the Activities of
States ir, the Exploration and Use of Quter Spsce, including the Moon
and other Celestiel Bodies.

2. States members of any such organization which are State: Partie<
to this Convention shal! tske all appropriate steps to ensure the: the
orcanizetion make:s s deciaratioz in accordance with the prececing
paragraph.

3. If sn international intergovernmenta! organization is lisble for
darcage by viriue of the provision: of this Convention, tha: organi-
zation and those of its members which are S:ates Parties to thie
E'Jhonvent.ion shail be jointly and severaily liable; previded. however,
thet:

(a} Any ciaim for compensation in respec: of such damage stall
be firs: presented 10 the organization:

(3% Onply where the orgazization has no: paic. within a period of
six months, eny sum agreed or determined ic be due as coro-
pensation for such dameage, mav the claimant Siate invoke
the lisbility of the mem' ¢ whick are States Parties to this
Corrvention for the payment of that sum.

4. Apy claim. pursuant 10 wne provisions of thiz Conventon for
compen<ation in respect of damage csused 1o ar orpanitation whick
ha~ made & deciarstion ir accoréance wiik paregriph [ of thit srucie
shuli be presented by o State member of the orgcapization which is &
State Party 1w this Convention.

Article XX111

1. The provisions o this Conventior shall no: affect oth>r inter-
natione] 2greements in {orce insofar as relatioas between the S:iaies
Pasties to such sgreements are coacerned.

2. No provision of this Convention shall prevent Sistes {rem cor-
vinding irrernational agresruents recfirming. supplementing or extezd-

Ing iis provi-iona.
Article XXIT

1. This Convention shall be vper 1o 2il Riztes for sigmature Any
State wiiuch does not sign this Conveouor before 1:: cutrs into force
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in accordance with paragraph 3 of this article may accede to it at
any time.

. 2. This Couvention shall be subject to ratification by sigratory
States. Instruments of catification and insruments of accession shail
be deposited with the: Governments of the United Kingdom of Great
Britain and Northern Ireland. the Union of Soviet Tocialist Re-
publics, and the Cnited States of Americs, which are hereby designated
the Depositary Governments. .

3. This Coavention shall enter into force on the deposit of the
fifth inscrument of ratification.

4. For States whose instruments of ratification or accession aze
deposited su 2at to the entry into force of this Coaveation, it
shel! eater into force on the date of the deposit of their instrumeats
of ratification or accession.

5. The Depositary Goveraments sball promptly inform all signstory
and acceding States of the dute of each signature, the data of depu~t
of each instruzieat of ratification of and iccession to this Conveation,
the uate of its eatry into force and other notices.

6. This Convantion shail be registered by the Depositary Govern-
ments pursusat to Articie 102 of tne Charter of the United Nations.

Article XXV
Any State Party <o this Convention may pro ameadments o
this Convention. Amendments shall eater into force for each State
Party to the Conv2ntion accepting the amendments -pon their ac-
ceptance by s majority of the State Parties to the Conveation and
thereaiier for each remaining State Party to the Cocvertion on the
date oi acceptance by it.
Article XXV

Ten yesrs after the entry inco force of his Coaveation, the guestion
of the re-.aw of this Convention shall be inciuded in the provisicnal
ageeda of the United Navions Geceral Assembly in order o consider.
in the light of past sappiication of the Conveatior, whether it requires
revision. dowever, at any time aiter the Convention has beea ic force
for fve vears, aad at the request of one-third of the States Parties o
the Conveation, and with the concurrence of the majority of sde States
Parties. s conference of the States Parties shail be convened o review

tius Coavention.
Arricie XXVII

Aay State Party to :his Convention may give cotice of its =iid-
drawal from the Convention one vaar after i7s entry into force by
wricten gotification to the Depositacy Govern - cats. Suck withdrawal
shall take etfect one venr from the dute of recript of this noucatioa.

Articls XXVIII

This Coarencion. of which the Eaglish, Russian, Freach. Spanisa
and Clinese texts are equailv authentic. =nail be Jevosited :n e
acchives of the Depositary Governmeats. Duly cernifiad codies of
this Convention shail ve transmutted by the Depositaiv Goveramzzis
to :he Goveramen:s of 1he wignatory and acceding 3rales.



IN WITNESS WHEREOF the undersigned, duly suthorized, have
signed this Gonvention.

DOXE in at the cities of London, Moscow and Wash-
in%t.on. the day of one thousand nine hundred
an .
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APPENDILX- B-

Uxrrep NarionNs GENERAL ASSEMBLY

[Tm:y-ni;ﬁ'm o
Ageods item 32, Nov. 26, 1974] ~ °

REsoLuTIoN XpoPTE0 A¥ TEE GENERAB ASSEMBLY
(On the repart of the First Committea (A/0812)]

3235 (XXIX). Convention on Registretion of Objects Launched into
Outer Space. :

The General Assembly, ™3

Reafirming the ‘importance ‘of. international co-operation in the
field of the exploration and peaceful uses of outer space, includin
the Moon and other celestial bodies, aaC of promoting the rule o
law in this new field of human endeavour, T

Desiring, in the light of the Treacy on Principles Governing the
Activities of States in the Explocation and Use of Outer Space,
including the Moon and Other Celestial Bodies! the Agreement
on the:Rescue of Astronsuts, the Return of Astronauts and the
Return of Objects Launched into Qutar Space ? and the Convention
on Internacional Liability for Camage Caused by Space Objec:s,’
to make provisioa far registration by launching States ot space objects
launched iato outer space with a view, inter alia, to prosiding States
with additional means and procedures to assist in tge idenuficatica
of space objects, ]

Bearing in mind its resolution 3132 (XXVIII) of 18 December 1973,
in which it requestea the Committee on tha’Pecceiul Uses of Outer
Soace to consider’as a matter of priority the compietion of the test
of the draft Convention on Registration of ‘Objects Launched into
Quter 3pace, T

Haring considsred the report of the Committee on the Peacef:l
Uses of Outer Space,* ’ .

Noting with satisfaction that i2e Committee on the P2aceful Uses
of Outer Space and its Legal Sub-Committee hate compiated zhe text
of the drait Convendon on Regisization of Objects Launched into
Outer Space, ‘

1. Commends the Convention on Registzation of Objeczs Launcted
into Cuter Space, the text of which is annexed :o :he present resolu-
tion; -

t Genoral Assemdiy resoiution 222 (XX1, snzex.

* Ceteral Atsezm bIY resoiction A4S  XXI[, anaerx.

3 Geaeral Astembiy resowuzion X7 (XXVT). scaer.

s Offfasl 2ecorda of the Generzd Aarendly, Toeig-ainid Sesnon, Supploment No. 27 (A, 0627),
. -
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2. Reguests the Secretarv-General to open the Convention for
signature and ratification at the earliest possible date;

3. Ezpresses its hope for the widest possible adherence to this
Couvention. .

[2280th plefary meéeting 12 November 1074]
A ANNEX
Convention on Registration of Objects Launched into Outer Space

The States Parties (o this Concerniion,

Recognizing the common interest of all mankind in furthering the
exploration and use of outer space for peace{ul purposes,

t%‘et:ulliﬂg that the Treaty on Principles Governing the Activities
of States in the Exploraton and Use of Nuter Sgace, including the
Moon and Other Celestial Bodies of 27 January 1967 affirms that States
shall bear international responsibility for their national aci vities in
outer space and refers to the State ¢n whose regisiry an object launched
into outer space is carried, :

Recelling also that the Agreement on the Rescue of Astronauts,
the Return of Astronauts and the Return of Objects Launched into
Outer Space of 22 April 1968 provides that a launching authority
shall, upon request. furnish identifyving data prior w0 the return of an
object it has launched into outer space found beyond the territorial
limits of the isunching authority, .

Recalling further thas the Convention ot International Liability for
Duamage Caused by Space Objects of 29 March 1972 establishes in-
ternauonal rules and procedures concerning the Rability of launching
States for damage caused by their space objects,

Desiring, in_the light of the Treaty on Principles Governing the
Activities of States mm the Exploration and Use of Quter Space, it-
cluding the Moon and Other Celestial Bodies, to make provision for
the national registration by launching States of space objects launched
into outer space,

Desiring further that a central register of objects launched into
outer ~pace be established and maintained, on a mandatory buasis,
by the Secretarn~General of the United Nauons,

Desiring also to provide {or States Parties additional mesps end
procedures to assist in the identification of space objects.

Beiwring that a mandatory system of registering obiects launched
into outer space would, in parucular, assist in their iden:ification and
would contribute to the application and development of inter.ational
law governing the exploration and use of outer space,

Hace agreed on the fcllowing:

Ar.ele ]

For the purposes of thi. Convention:
(a) The term “launching State” means:”
i) A Ctate which isunches or nrocures the laucching of a space
object:
(i) A State from whkose territory or fecility a space object is
larached;
tb) Tne term *‘space obiec:” includes ~omporen: parts of a .pace
obrect as well as its launch vehicle and parts “ereof;
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(c) The term “Scate of registry’’ means a launching State o whose
registry a space object is carried in accordance with article II.

Article IT

1. When a space object is launched into earth orbit or bevond, the
launching State shall register the space object by mesns of an entry
in an agmropriue registry which it shall maintain. Each launching
State shall inform the Secretary-Genersl of the United Nations of the
establishment of such a regisrry. Lo .

2. Where there are two or more launching States in respect of any
such space object, they shall jointly determine which one of them
shall regiscer tgxe object in accordance with parag: aph 1 of this article,
be‘rin%in mind the provisions of article V1II of the Treaty on Prin-
ciples Governing the Activities of States in the Exploration and Use
of Outer Sparz, including the Moon an: Other Celestial Bodies, and
without prejudice to appropriate agreements coocluded or to be
concluded among the launching States on jurisdiction and control
over the space object and over any persoannel thereof.

3. The contents of each registry and the conditions under which it is
maincained shall be determined by the State of registry concerned.

- Article 11T

1. The Secretary-General of the United Nations shall maintain a
Register in which the information furnished in accordance with
article IV shail be recorded.

2. There shall be full and open access to the information in this

Register.
ha Article IV

1. Each State of registry shall furnish to the Secretar—-Geaeral
of the United Nations, as soon as practicable, the following ‘nforma-
tion conceraing each space object curried on its registry:

(e) Name of launching Scate or States;

(5) An appropriate designator of the space object ot its registration
number; '

(c) Date and territory or location of launch;

(d) Basic orbital parameters, including:

(i) Nodati period,
i) Iaclination,
(iii) Apogee.
(iv) Perigee;

(¢) Genersl function of the space object.

2. Each State of registry may, from time to time, provide the
Secretary-Ceneral of the United Nations with additional information
concerning a space nbject carried oa its registry.

3. Each State of registry shall notify the Secretary-Ceneral of
the Caited Nations, to the greatest extent feasibie and =5 soon 2s
practicabie, of space objects concerning which it has previousiy
rransmicted information, 1ad which have beea but no ionger are ia
earth orbit.
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) Article V
Whenever & space object launched into earth orbit or beyond is
marked with the designator or registration number referred to in
article IV, paragraph 1 (), or both, the Stats of registry shall notify
the Secretary-General of this fact when submitting the information
regarding the space object in sccordance with article IV. In such

case, the Secretar7-General of the United Nations shall record this
notification in the Register.
© Article VI

Where the application of the provisioms -of this Convention bas
not ensbled s State Party to identfy a space object which has caused
dam to it ‘or to apy of its natursl or juridical. persons, or which
may be of & hazsrdous or deleterioi:s nsture, other States Parties,
including in particular States possessing space monitoring and track-
ing faciiities, shall respond to the greatest extent feasible to a request
by that State. Party, or transmitted through the Secretary-General
on iis behalf, for assistance under equitable and reasonable condi-
tions in the identification of the object. A State Party making such
a request shall, to the greatest extent feesible, submit information
as to the time, nature and circumstances of the events giving rise to
the request. Arrangements under which such assistance shall be ren-
dered shall be the subject of agreement bstween the parties concerned.

Article V11

1. Ir this Conventicn, with the exceptiun-of articles VIII to XII
inclusive, references to States shall be deemed to apply to apy inter-
naconal intergovernmental organization which conducts space activi-
ties if the orgauization declares its acceptance of the rights and obliga-
tions provided for in this Convention and if & majority of the States
members of the organization are States Parties to this Copnvention
and to the Treaty on Principles Governing the Activities of States
in the Exploration snd Use of Quter Space, including the Mooa and
Other Celestial Bodies.

2. Siates members oi acy such organization which are States
Parties to this Convention shall :ake all appropriate steps to epsure
that * e organization makes -4 decisration n accordance with para-
grapt . of this erticle.

.. Article VIII

1. This Convention shall be open for signtture by ail States at
United Nations Headquarters in New York. Any State whick does
not sign this Convenuon before its eawrv into force in accordance
with paragraph 3 of this article may accede to it at apy time.

2. This Conrvention shall be subject w ratification by signatorv
States. Instruments of raification cnd instruments of accession shail
be deposited with the Secretary-General of the United Nations.

3. This Convezrtion shall enter into force among the States which
have deposited insiruments of ratification on the deposit of the fifth
such ipsirument with the Secretarv-Geaeral of the United Natiops.

4. For States whose instrument: of ratification or accession are
deposited subsequen: to the entry into force of this Coavention, it

181



shall enter into force on the date of the deposit of their instruments
of ratification or accession.

5. The Secretzry-General shall Kromptly inform -all signatory and
acceding States of the date of each signature, the date of deposit of
each instrument of ratification of and sccession to this Canvention,
the date of its entry into force and other potices.

Article IX .

Any State Party to this Convention may pro?ose smendments to
the Convention. Amendments shell enter into force for each State
Party 1o the Conveniion accepting the amendments upon their accept-
ance bv s majority of the States Parties to the Convention and
thereafter for each-remainicg State Party to the Convention on the

date of acceptance by it. i
- Article X

Ten yeears after the entry into force of this Convention, the question
of the review of the ‘Convention shall be included in the provisional
agenda of the United Natiors General Assembly in order to consider,
in the light of past application of the Convenrion, whether it requires
revision. However, at any time after the Convention has been in force
for five years, at the request of one third of the States Parties to the
Convention and with the ¢oncurrence of the me’ority of the States
Parties, a conference of the States Parties shall be convened to review
this Conveation. Such review shall take into account in particular any
relevant technological developments, including those relating to the
identification of space objects.

. Article X1

Any State Party to this Convention may give notice of its with-
drawal from the Convention one vear after its entrv into force by
written notification to the Secretary-General of the United Naticns.
Such witkdrawal shall take effect one year fr>m the date of receipt of
this notification.

- Article XI11

The original of this Convention. of which the Arabic, Chirese,
Engiish, French, Russian and 3panish texts are squally authentic,
shall be deposited with the Secretarv-Genersl of the United Nations,
who shall send certified copies thereof to sl signatory acd accecing
States. ‘

IN WITNESS WWHEREOF the undersigned, being duly authorized
thereto by their respective Governments, have signed this Coavean-
tion, opened for signature at New Yorkon . .
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APPENDIX C

Tarary ox PrixcirLEs GOVERNING THE ACTIVITIES OF STATES IN

a2 EXPLORATION AND

Use or OuTER SpacE, INCLUDING THE

Moox axp Oruer CreLestiaL Bobpies

Tzxr

The Ststes Parties (o this
P nsgired by th

ns v the greal prospects
opening up before mankind as s
result of man’s entry into outer
space,

Recognizing the common in-
terest of all mankind in the pro-
gxess of the exploration and use
of outer sp:ce for peaceful pur-

poses,

Believing that the exploration
and use of outer space should be
carried on for the bepefit of all
peoples irrespecuve of the degree
of their economic or scientific
development.

Desiring to coutribute to broad
international co-operation in the
scientific as weli as the legal
aspects of the exploration and use
of outer space for pesceful pur-

Believing that such co-operation
will contrbute to the develop-
ment of mutual understanding
and to the strengthening of fiiend-
ly relations between OStates and

pies, . .

Recalling resolution 1962
({XVTIII), entitled *“Declaration of
Legal Principles Governing the
Activities of States in the Explor-
atiop and Use of Cuter Space’”,
which was adopted unanimously
by the United Naticus General
Assembly on 13 December 1963,

Recalling resolution 1884
(XVIID. calizg upon States to
refrain from placing in orbit
around the Earth anvy objects
cairying nuclear weapons or any
other kinds of weapuns of muass
destruc-ion or from installing such

AxaLysis or TREaTY

The treaty’s statement of policy
and prrpose is almost identical in
wordmg' to that i the Declara-
tion of ! Principles Governing
Activities of Stutes 1n the Ex; ‘ora-
tion and Use of Outer Space,
United Nations resolution 1962
(XVIII) which passed the General
Assembly unanimously on Decem-
ber 13, 1963. This resolution
represented the evolution of think-
ing and negotiation within the
United Nations on the peaceful

uses of outer space b r in
1955. Resolution 1348 (Xfﬂ),
adopted by the General Assembly
on December 13, 1958, emphasized
the common interest of mankind
in outer space and the desire to
avoid extending national rivalries
into this new field which should be
used oaly for peaceful purposes
for the benefit of all people.
Jontinued negotiation through the
vears led to the adoption uf addi-
tional resolutions designed to en-
sure peace in the outer space

environment: 1378 (XIV) XNo-
verber 20, 1959; 1472 (XIV)

December 12. 1939; 1721 (XV])
December 20, 19€1; 1802 (XVII)
December 19. 1962; 1834 (XVIII)
October 17, 1963; 1962 (XVIII)
December 13. 1963: and 1963
(XVIIl) Dercember 13, 1963.
With the exception of the 1958
resoludion. all others were passed
by the una .imous vote of the
Generz] As-embly. The treaty
essentially codifies the official pu-
sition on ou‘er space of member
states of rthe United Nations. a
position which develsped into a
censensus during the pust 9 vears.
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weapuns on celestial bodies, which
was adopted uninimously by the
United Nations General Assembly
on '7 October 1963,

sking account of Upited Na-
tious General Assembly resolution
110 (I1) of 3 November 1947,
which condemned propaganda de-
signed or likelir to provoke or
encourage any threat to the peacs
brcac!. of the peace or act of

ession, and considering that
the aforementioned resolution is
applicable to outer space.

onvinced that a Treaty on
Principles Governing the Activi-
ties of States in the Exploration
and Use of Quter Space, including
the Moon and Other Celestial
Bodies, will further the Purpuses
and Principles of the Charter of
the United Nations,

Have agreed on the {ollowing:

ARTICLE @

Tke exploration und use of iiter
snuce, including the moon anu
o'her celestial bodies, shall be car-
vi2d out for the benefit and in the
interests uf all countries, irrespec-
sive of their degree of econoniic ue
scientific development, and :hall
be the province of all mankiad.

Out.r space, including the meon
and other celestial bodies, =i:all be
free for exploration and use by all
States without discrimination of
any kind, on a basis of equality
and in accordance with interna-
tional law, and there shall be free
yccess to all areas of celestial
bodies.

There shall be freedom of scien-
*ific investigation in outer space,
including the moon and nther ce-
lestial bodies. and States shall
facilitate and encourage interna-
tional co-operation in surh investi-
gation.
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ARTICLE &

Internativnal cooperation rather
th..n natien.l rivalry is the poliey
adnpted for exploring and wsing
the outer space environment. In-
stead of space activities being
regarded as a monopoly of thime
nations able to afford the expense
of launching satellites, all nations
are to share in the benefits of :pace
exploration without regard to their
level of economie or scientific de-
velopment. This principle recos-
nize: he fact that there are
relauively inexpensive spuce proj-
ects and that s-tentists and ena-
neers capable of contribating o
the peaceiul uses of outer space
may be found in almost nny
conntry. This new tield of human
activity is viewed according e a
vasic tenet of demoeracy as “the
province of wll mankina” and is
not restricted to a few specialints.
Nou State is tn be discriminared
against and all are to be treared
equally. enjovinz free access rto
any area of any celestial body.
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ARTICLE U1

Quter space, including the Moon
and orher celestial ies, is not
subject to national appropriation
by claim of sovereignty. by means
of use or occupation, or by any
other means.

cepts is made easier by the inac-
cessibility of cuter space and
celestial bodies as well as the speed
of s&‘cea'dt in attaining orbits
whick disregard national boundary
ines.

i
ABTICLE 11

The wourding of this article is
almost  identical with that in
United Netions Resolution 1962
(XVIII) December 13, 1963, the
only difference being that the
treaty specifically includes rhe
Moon us one of the celestial
bodies. The principle expressed
in this provision is one which bas
been observed in practice since the
b2ginning of the space age. Ex-
tensive exploration and use «f
outer space have been gning on for
almyst 10 vears and dusing that
time neither the United States, the
Soviet Union nor any other nation
liss made sovereign claims to
celestial bodies or to the outer
space environment. This situa-
tion is difierent from that which
prevails in Antarctica where terri-
torial sovereign claims had devel-
oped historically and had to be
suspended or “frozen’ so that the
system of interpational coupera-
tion provided in the Anterctic
Treaty could become workable.
Article II of the outer space
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ARTICLE Il

States Parties to the Treaty
shall carry om activities in the
tion and use of outer space,

i ing the Moon and other
i ies, in sccordance
with international law, including
the Charter of the United Nations,
in tue interest of maintaining
international peave and security
and promoting internationsl co-
operation and understanding,

ARTICLE IV

States Parties to the Treaty
undertake not to place in orbit
around the Earth any objects

ing nuclear weapons or any
otper kinds of weapons of mass
destruction, install such weapons
on celestial bodies, or staticn such
weapons in outer space in any
other manner. .

The Moon and other celestial
bodies shall be used by all States
Parties toulthe Treaty r;}xglmix-eiy
for peaceful purposes. e estab-
lishgle:nt. of g.nhtm bases, instal-
lations and fortifications, the test-
ing of any type of weapens and
the conduct of milit:u-{ mareuvers
on celestial bodies shall be for-
bidden. The use of military per-
sonnel for scientific research or for
any other peaceful purposes shall
not be prohibited. The use of any
equipment or facility necessary
for peaceful exploration of the
Moon und other celestial bodies
shall also not be prohibited.

$ 0.8, Depu

Axarysis or Treaty
treaty gives legal subsiance to an
ARTILLE It

This article makes clear that
those nations which ratify the
treaty will observe international
law—and this includes the Charter
0: the United Nations—in order
to promote international coopera-
tion and peace. Thus that body
of law, which has devsloped on
the Earth in order w0 ° ..z about

onious relations vetween ns-
tions and settle disputes without
resort tﬁ violence, would becottae
o) plm e to outer space, e
)goon, and other celesual bodies.
An exception would be interna-
tional law which provides certain
conditions fo&j:‘dond' chams of
sovereignty, exception ha
been set ftoynh in Ar;ici:)le 11 e

ARTICLE IV

Paragraph 1 of this Article is
based upon Upited Nations Reso-
lution 1584 (XVIII) which passed
the General Assembiy by acclama-
tion on October 17, 1963.! The
resolution welcomes expressions by
the United States and U.S.5.K.
“g_ot. to station in ou;.er space any
objects carrving nuclear weapons
or other kinds of weapons of Em:s
destruction” and ¢ upon all
states “(a) to refrain from placing
in orbit around the earth any
vbjects carrying nuclear weapons
or any other kinds of weapons of
mass destruction, installinz such
weapons on celestial bodies. or
stationing such weapons in outer
space in any other manner:.(and)
to refrain from causing, encouraz-
ing or in any way participating
in the conduct of the forezoing
activities.”

Paragraph 2 represents the final
agreement on language designed
to ensure that the Moon and other

¢y Secretary of Defenss, Posweli L. Gilpatric. stated on Sept. 5. 142, abett gne Foaur earlier,

that the Uruted 5tazes wou'd 20t place 3nf weapons of mass 1estruciion 1120 ocuit.
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or urposes.
draft texts sﬁbmitted by the
United Stetes and the Soviet
Union on June 16, 1966, 23 a basis
for discussion, Article 9 of the
United States draft stated that
“Celestial bodies shall be used for
peacefu! purposes only. All States
undertake to refrain from con-

on bodies any
wocﬁvitns such as the establish-
meunt of mBitary {ortifications, the
¢arrying out of military maneu-
vers, or the testing of any type
of weapons. The use of military
Yersonnel, facilities or equipment
or scientific research or for any
other pesceful purpose shall not
be ibited.”

’Fbe Soviet Union’s draft con-
tained in Article IV a statement
that “The Moon and other celes-
tial bodies shall be used exclu-
sively for peaceful purposes by all
Parties to the Treaty. The estab-
lishment of military bases and
installations. toe testing of weap-
ons and the conduct of military
maneuvers on celestial bodies
shall be forbidden.”

Majority military opinion holds
that orbital bombardment is not
an effective strategic weapon as
compared to Jand-based ballistic
missiles. An effort to use space-
based nuclear weapons would have
the effect of a strategic warping,
thus placing an aggressor iu the
position of being open to retalia-
tion by strategic weapons. It is
generally believed to be in the
Interest of long-range peace plans
snd arms control to try to ensure
that the Moon and other celestial
bodies will be non-nuclear, non-
military zones.

One question is how t¢ be sure
that nations are complyving with
the treaty if there is no provision
for inspection. Any inspection
provision would have to be made
on s reciprocal basis. No nation

ORIG
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ARTICLE V

States Parties to the Treaty
shall astronauts as envovs
of mankind in outer space and
shall render to them all possible
assistance in the event of accident,
distress, or emergency landing ca
the territory of another Staie
Party or on the high seas. When
astronauts make such a landing,
they shall be safely and promptly
returned to the State of registry
of their spuce vehicle.

In carryving om activities in
outer space and on celestial bodies,
the astronauts of one State Party
shall render all pussible assistance
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could expect to inspect the space-
craft of another without hs:ving
its own vehicles inspected in turn.
For example, space reconnaissa-ce
capabilities are peace-keeping as-
setsand it is ely that nations
would wish on-site inspection of
such defense methods. It is pos-
sible, however, to use existing
tracking facilities to make in:elli-
gence estimates from orbit'ng
spacecraft, and some types of elec-
tronic monitoring are already pos
sible and may be expected to
imprcve with advances in science
and technol The capability
of the United States to detect
the nature and purpose of space-
craft inimical to the national in-
terest is a form of defense which
acts as a deterrent to a potential
enemy. The treaty does not
cbange the earthly situation with
re to ICBM's, but seeks to
achieve on celestial bodies a {orm
of demilitarization which is deemed
feasible from military and political
viewpoints. At the same time, it
is clear that aerospaced-traired
military personnel may engage, as
they have been doing, in peaceful
space activities.

ARTICLE V

This provision extends to astro-
nauts the same type of traditicnal
assistance accorded throughent
historv to mariners at sea. If
astronauts experience accidenis.
distress or have to make an emer-
gency landing, they are assured «f
being treated as “envoys of man-
kind” and not as unwanted in-
truders. This article of the treaty
also provides an additional ba<is
for international cooperation ia
that all states parties to the treaty
agree to give astronauts all pos-
sible assistance. and to report to
other such scates any dangers to
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to the astronsuts of other States
Parties.

States Parties to the Treaty
shall immdistely inform the other
States Parties to the Treaty or the
Secretary-General of the Urited
Nations of any phesomgn:hél'_wy
. discover in outer space, in
the Moon amd other eelesﬁ
bodies, which ~ould constitute s
danger to the life or heslth of
astronauts.

ARTICLE VI

States Parties to the Treaty
shall bear international responsi-
bility for national activities in
outer space, including the Moon
and other celestial bodies, whether
such activities are carried on by
governmental sgencies or by non-
governmental entities, and for as-
suring that national activities are
carried out in conformity with the

rovisions set forth in the present
&’rent.y. The activities of non-
governc:ertel entities in outer
space, including the Moon and
other celestial bodies, shali require

T4-933—67—3
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life and bealth discovered in outer
space, on the Moon or other
celestial bodies. It is evident that
the b mking system re-
q or S t
patbs of nstxom:;nlgs a scxe?llggc
and technological factor which
makes international cooperation

while the humane sub-
ject mz.es it more easily attain-
able. The treaty estabhshes an
attitude of international responsi-
bility for astronauts.
International agvreement on
assistance to and return of astro-
nauts (as well as objects launched
into outer space which is included
in this treaty in Article VIII) has
been a subject for discussion in the
Legal Subcummittee of the Uniied
Nations Committec on the Peace-
ful Uses of Outer Spece, the United
States baving made its latest
proposal in 1¥64. It is planned
that an international agreement
on assistance to Astropauts. in
addition to this treaty. will con-
tinue to be a subject for negotia-
tion in greater dezail by the Legul
Subcommitiee of the UN Com-
8ittee on the (Peaceful Uses of
uter Space. (See 66 of
this dncupn‘:em for the ?iar%?t text of
the pending U.S. proposal on th..
subject.)

ARTICLE V1

Under this article, a nation
which becomes a party to the
treaty agrees to be responsible for
space §ctivities carried on by one
of its government agencies as well
as by any uwongovernmental eo-
tity. For the United States, this
means that the government would
accept responsibility for the ac-
tivities of NASA as well as those of
tne Communications Satellite Cor-
poration (COMSAT).ete. Furtker-
more, the government would see
that such activities conform to the
treaty’s provisions, and also au-

ORIGINAL PAGE IS
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suthorization and coatinuing su- thorize and continuously super-
gcr\'isioa by the appropriate State vise the space activities of non-
arty to the Treaty. When ac- governmentsl entities. The rela-
tivities are carried on in outer tionship between the U.S. Gov-
space, including the Moon and ernment and COMSAT is already
other celestial bodies, by an inter- defined in the U.S. Communica-
pational organization, responsi- tions Satellite Act of 1962 (Public
bility for compliance with this Law §7-624 (76 Stat. 419)) and
Treaty shall be borne both by the in the President’s Executive Order
international organization and by of Jenuary 4, 1965 on carrying out
the States Parties to the Treaty provisions of the COMSAT Act of
participating in such organization. 1962 concerning government su-
pervision, including international

ARTICLE YII

Each State Party to the Treaty
that launches or procures the
lsunching of an object intv outer
space, including the Moen and
other celestial bedies, and each
State Party from whose territory
or facility an object is launched. is
internatiogally liable for damage
to another State Party to the
Treaty or to its natural or juridical

190

aspects and the role of the Secre-
tarv of State. .

he trea:y also provides that an
international organization as well
as the states participating therein
are respoasible for compliance with
the treaty. For example, the
European Space Research Organ-
ization (ESRO) would be re-
sponsible for activities in outer
space, including the Moon and
other celestial bodies, and the
states which are members of
ESRO and also parties to the
treaty would become responsible
for compliance with the treatr’s
provisions.

This article is designed to en-
sure responsibility for space ac-
tivities, inherently international
in nature, at the governmental
level. The provisions are similar
to paragraph 5 of United Nations
Resolution 1952 (XVIID), Decem-
ber 13, 1963, except that celestial
bodies are specifically added to
‘‘outer space’’.

ARTICLE vII

Article VII is similar to para-
graph § of United Nations Resolu-
tion 1962 (XVII{) which passed
the UN General Assembly unani-
mously on December 13, 1083,
In negotiating the ideas in this
provision  for purpeses of the
rreaty. some changes wers mnde
The terms of the *reaty appiv only
to those states »- hich are party to
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persor * by such object or’its com- the treaty rather than to all states

popent parts on the

bodi

or in outer space,
Moor and “other
os.

el

Earth, in air in ageneralsense. The Moon and

other celestial bodies have been
added to the original concept
which was stated oﬂy in terms of
“outer space’”’. Liability for dam-
age is limited in the treaty to
“another State Party to the
Treaty” and includes situations
in which a State launches or uses
its territory to lsunch space
vehicles.

The term “internation-ily liable
for damage’’ means t! .t a govern-
ment ratfving the creaty accepts
the fact that another country may

resent a claim against it; that
iability is accepted abroad as well
as domestically. If Liability is
established, adherence to the
treaty means the state accepts
responsibility to inake restitution
to an injured party abroad. Itis
clear that the concept of liability
for damage in the treaty includes
damage by a space object or any
part of the object whether the
damage occurs in air space or outer
spsce, on the Moon or any other
celestinl body. Thus the aero-
space concept is extended legally,
as it has been technologicallyr, in a
trajectory from the Earth through
airspace to outer space and back to
sirspace and the Earth again.
The air laws and treaties of the
world may be applicable to certain
situations; a new relationship
might develop between air law and
the law of outer space.

Although there is every likeli-
hood that objects reentering the
Earth’s atmosphere from outer
space may burn up. a sufficient
number of objects bas fallen to
Earth to indicate the real possi-
bility of damage. and therefore of
a lability problem. It is not
alwavs possible to identify objects
which have fallen to Earth from
outer space, and no solution has
been advanced in the treaty fer
objects which cannot be identified.
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ARTICLE ¥iIt

A State Party to the Treaty on
whose registry an object launched
into outer space is carried shall
retain jurisdiction and control over
such object, and over any person-
pel thereof, while in outer space
or on a celestial body.  Ownership
of objects launched into outer
space. including objects landed or
constructed on a celestial body.
and of their component parts, is
not atfected by their presence in
outer space or on a celestial bodx
or by their return to tke Ezrth.
Such objects or component parts
found beyond the lumits of the
State Party to the Treaty on whose
registry they are carried shall be
retvrned to that State Puarty,
which shall, upon request. furnish
identifving data prior to their
return,

Axarrsns or Texatr

The UN Committee on the
Peaceful Uses of Outer Space
recognized, however, that the trea.
ty provision is a general one and

t the problem of lability for
damage would require more de-
tailed study and agreement. The
subject, therefore, is still on the

nda of the Legal Subcommittee

of the Committee on the Peaceful
Uses of OQuter Space, and it is
anticipated that a sepaiate inter-
pational agreement on liability for
damage will require negotiation as
it applies to outer space. As far
as the United States is concerned.
such an agreement would be sub-
mitted to the Congress for ap-
roval; it would probably take the

orm of a treaty which would be
submirted to the Senate for its
advice and consent to ratification.

ARTICLE VIt

This article is similar to para-
graph 7 in United Nations Resolu-
tion 1962 (XVIII) which passed
the General Assembly unani-
mously on December 13, 1963,
In negotiating the wording for the
treaty, some refinements in lan-
guage and coverage were made.

he treaty applies only to those
states which are partes to the
treaty. The principie of national
ownership of spacecraft and per-
sonnel thereon while in outer space
is the same in the treaty as in the
UN Resolution, but the treaty
gron'sion adds ‘‘on a celesrial

ody.” Ownership is extended by
the treaty to include ‘‘objects
landed ¢r constructed on a celes-
tial body” and is not affected
while on a celestial body, in outer
space, or by return to Earth. In
other words, a nation which con-
structs and orbits & spaceceraft,
manned or unmanned, retains
ownership and control over the
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ARTICLE IX

In the exploration and use of
outer :pace, including the Moon
and other celestial bodies, States
Parties to the Treaty shall be
guided by the princiole of co-
operation and mutua: assistance
and shall conduct all their activi-
ties in outer space, induding the
Moon and other celestial bodies,
with due regard to the correspond-
ing interests of all other States
Parties to the Treaty. States
Parties to the Treaty shall pursue
studies of outer space, includin
the Moon and other celestia
bodies, and -onduct exploration of
them so as to avoid their Larmful
contamination and also adverse
changes in the environment of the

Axaryars or Txmaty

vehicle no matter where it is
loczud. .  of
state’s ‘registry’ space-
craft is a t.ermf s:mnlcrt'ry' toshlthe
“registry” of ocean-going ships,
sug records being kept for tfo
%rpose of identifying ownership.

e principle of returning to the
state of origin any space objects or
parts found beyond its borders,
and the principle that the state of
origin must furnish identifwi
data prior to the reiurn of suc
objects, were both included in UN
Resolution 1962. UnAer the UN
Resolution the principles applied
to all states; under the wreaty. the
principles apply only to those
states which are parties to the
treaty.

The treaty provision asitstands.
however, is not self-executing and
would need to be implem-ated by
enabling domestic U.S. legislation
so that the Federal Government
could obtain possession of space
ubjects which fall on private
property.

ARTICLE IX

Article IX of the treaty is sim-
ilar to paragraph 68 of United
Nations Resolution 1962 which
passed the Geperal Assembly
unanimously on December 13.
1963. The provision applies only
to states which are parties to the
treaty, and to that extent limits
the possibility of space experi-
ments which might cause harmful
contamination and adverse
changes in the Earth’s environ-
ment. The treaty would not pro-
hibit non-member nations from
conducting harmful experiments,
tausing contamination 1o various
forms. and engaging in potentialiy
narmful interference with peace.
ful space exploration. But nations
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Earth resulting from the introdus-
tion of extraterrestrial matter and,
where necessary, sh;ll cﬁgt ap-
propriate measures for pur-
m If a State Party to the
ty has reason to believe that
an activity or experiment planned
by it or its natiopals in outer
space, including the Moon and
other celestial bodies, would cause
potenti harmful interference
with acuvities of other States
Parties in the peaceful exploration
and use of euter space, includin
the Moon and other celesti
bodies, it shall undertake appro-
riate international conosultations
ore proceeding with any such
activity or expeniment. A State
Party to the Treaty which has
reason to believe that an activity
or experiment planned by another
State Party in outer space, includ-
ing the Moon and other celestial
bodies, would cause potentiail
harmful interference with actin-
ties in the peaceful exploration
and use of outer space, includin
the Moon and other celesti
bodies, may request consultation
concerning the activity or experi-
ment.

ARTICLE X

In order to promote interna-
tional co-operation in the explcra-
tion and use of outer space, in-
cluding the Moon and other celes-
tial bodies, in conformity with the
gurposes of this Treaty, the States

arties to the Treaty shall con-
sider on a basis of equality any
requests by other States Parties to
the Treaty to be afforded an op-
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which do not become parties to
the treaty are not now prohibited
from potentially h space
experiments. A nucleus of states,
including the two great space
powers—the United States and
the U.S.S.R.—observing controls
in the interest of all nations, may
ultimately attract the cooperation
of other nations not initially
parties to the treaty.

According to Article IX, a State
Party to the Treaty, committed
to a policy of peaceful exploration
and use of the space environ-
ment, has the respousibility of
copsidering whether a planned
experiment might harmful,
and in such case must undertake
to consult with other nations
before proceeding with the ex-
periment. At the same time a
gutel, which fears another nation
is planning u space experimeut
which miggt bo?u'mful or inter-
fere with peaceful space explora. -
tion, may request a consuitation
on the matter. Thus a possible
course of action which might be
detrimental is identified and put
under general control, including
that of world public opinion. The
objective and procec .e provided
by the treaty for preveating harm-
ful space activities are clear guid-
ing principles which appear to be
in the interest of each nation to
observe not only for the benefit of
the world, but also for self-protec-
tion.

ARTICLE X

In accepting this article, a
pation would agree to consider the
request of another nation (if a
party to the treaty) to build
tracking facilities on its territory
for observing the flight of space
objects which the requester nation
bad launched. Such coasidera-
tion would be on a ‘basis of
equality’’ which suggests that one
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portunity to observe the flight of
objects launched by those
tates.

The nature of such an oppor-
tunity for observation end the
conditions undar which it could
be afforded shall be determined
by agreement between the States
concerned.

ARTICLE XI

In order to promote interna-
tional co-operation in the peaceful
exploration and use of outer space,
States Parties to the Treaty con-
ducting activities in outer space,
including the Moon and other
celestial bodies, agree to inform
the Secretarv-Gepneral of the
United Nations as well as the
public and the interna‘ional
scientific community, to the great-
est extent feasible and practicable,
of the nature, conduct, locations
and results of such activities. On
receiving the said information, the
Secretary-General of the United
Nations should be prepared to dis-
seminate it immediately and ef-
fectively.
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nation would not be favored over
another.  Although a nation
:Erees. to consider the request,

ere is no obligation to grant it if
appropriate mutual ements
cannot be worked out. The
pation on whose territory a track-
ing station is located, or has land
which another c2tion might request
for use as a tracking station, would
be free to establish the conditions
under which the representatives of
Jther npations could wuse its
resources. It would be necessary
to negotiate a bilateral agreement
between the two siates concerned
or s multilateral agreement in the
event several nations were in-
volved. Should the terms involv-
ing such items as cost, accessibility,
and the possibility of mutual
benefits, prove unacceptable to
the host nation, there is no obliga-
tion to grant access to a foreign
stute.

ARTICLE XI

There has been wide dissemina-
tion of information by the United
States on its space activities for
the past 9 vears. The treaty
provision is an acknowledgment
of an existing situation for many
nations and internatiopal organi-
zations. The United States inter-
national space program, conducted
by the National Aeronautics and
Space Administration, includes co-
operative projects in 69 pations
and locations, sand the results of
such space research are publicized.
The United Nations Committee
on the Peaceful Uses of Outer
Space publishes reports which
pations have voluntarily sub-
mitted on their space efforis.
There is also & TN regisury for
space vehicles, and data on
launched spacecraft is regularly
published in United Nations docu-
mentz. The Outer Space Affairs

A 1 F 1S
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ARTICLE XII

All stations, installations, equip-
meut and space vehicles on the
Moon and other celestial hodies
shall be open to representatives of
other States Parties to the Treaty
on a basis of reciprocity. Such
representatives shall give reason-
able advance notice of a projected
visit, in order that appropriate
consultatious may be held and that
meaximum precautions may be
taken to assure safety and to avoid
interference with normal opera-
tions in the facility to be visited.

AXALYsis or TrEATY

group in the United Nations
receives information and answers
questions.

In addition, the Committee on
Space Research (COSPAR) of the
International Council of Scientific
Unions (ICSU) has international
conferences and regularly pub-
lishes a bulletin of scientific and
technical information on space
research and development. Na-
tions have voluatarily released
information to promote interna-
tional cooperation in the peaceful
exploration and use of outer space
and the treaty coatemplatys that
they will continue to do so. The
wording that information will be
furnished ‘‘to the greatest extent
feasible and practicable” neans
that « a nation which is a party
to the treaty finds that it is not
feasible and is not practicable,
then it is not obliged to publicize
infotmation on its space activities.
Thus the treaty provision is a
general guiding principle rather
than one requining mandatory
compliance.

ARTICLE XIX

This provision does not apply to
stations, installations, equipment,
and space vehicles in outer spuce
itself. but only to those .ocated on
the Moon and other celestial bod-
ies. If two nations had space fa-
cilities based on the Moon, for
exam[le, each would agree. under
this treaty, to accept wisitors from
another nation’s spuce station on a
veciprocal basis with the under-
standing that each prospective
representative would give reason-
able advance notice of his intended
visit. This would »Tord time for
the two nations to consult, as ap-
propriate, with the objective of
ensuring the safety of personnel
and the normal functioning of
space facilities.
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ARTICLE XIIl

The provisions of this Treaty
shall apply to the activities of
States Parties to the Treaty in the
e‘.n\'slmﬁon and use of outer space,
induding the Moon and other
celestial todies. whether such ac-
tivities are carried on by a single
State Pany to the Treaty or
jointle with other States ineluding
cases where ther ure carned on
within the framework of inter-
pational inter-governmental or-
ganizations.

Any praciieal questions ans-
ing in counection rith activities
carried on by international inter-
governmental organizativns in the
exploration and use of outer space,
including the Moon and other
celestial bodies, shall be resolved
by the States Parties to the Treaty
either with the appropriate inter-
pational organization or with one
or more States members of that
intarnational organization. which
are Parties to this Treaty.

ARTICLE XIV

1. This Treaty shall be open to
all States for signature. Axny State
which does not sign this Treaty
befors its entry into force in ac-
cordance with paragraph 3 of this
article may acceds to it at any
time.

2. This Treaty shall be subject
to ratification by signators States.
Inst:uments of ratfication and in-
struments of accession shall be
deposited with the Governments
of the United States of America,
the United Kirgdom of Great
Britain and Northern Ireland and

74-933—87—8
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ARTICLE XIN

States which are parties ty this
treaty accept the treaty’s rights
and oblizations whether acting as
a single state or jointly with other
states or as members of an inter-
national inter-governmental orga-
nization. For example, il nations
which are members of the Euro-
pean Space Research Organizetion
(ESRO) also become partics to th
treaty, they agree to comply wita
the treaty provisons om ou' r
space, tie Moon, and other celes-
ual buodies.

If ESRO's space activities, for
example. give rise to practical
guestions, those nations which are
parties to the treaty may resolve
them in one of *wo wavs: (1" with
the internztional orranization con-
cerned. or {2) with one or more of
the states which are members of
the inzornational orzanization and
also parties to the treaty. If the
United States. for exsmple. had a

ractical question arising from

SRO's space activities. the mat-
ter could be settled between the
United States and ESRQ ar be-
tween the United States and any
members of ESRO which are also
parties te this outer space treaty.

ARTICLE XIV

Paragraph ' provides thar ail
states may sign the treaty. and vo
Junuary 27, 1907 the treaty was
openc  for signature in Washing-
ton. London. and Maoscow. See
pages 3741 for a lis* of 77 states
which signed the treaty as of
February 28, 1967.)

Paragraph 2 designates the
United States. the United King-
dom of Great Brituin and North-
ern Ireland. and the U.S.5%.R. as
Depositary Governments, aad
they are to receive the instru
ments of ratification and accessicr.
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the Union of Sovist Socialist Re- required from the signatory states.
publics, which are bereby desig- n&’sngnpthtiguhta that the
na the Depositary vern- treaty enters into force when rati-
ments. fied by 5 governments, i i

3. This Tresty shall enter into the Uni States, the Unit
force upon the aeposit of instrv- Kingdom of Grest Britsin and
ments of ratification by five Gov- Northern Ireland, and the
ermen:sm‘ mdudmgwd ‘hl‘ie Govern- U.%S.R. sdesth
ments as Depositary aragraph 4 provides that states
Govern nents under this Treaty. whi-h ngg gr accede to the

4. ForStates whose instruments treaty after it has gone into force
of ratification or accession are will be considered as parties to
deposited subsequent to the entry the treaty as of the date when
into force of this Treaty, it they deposit their necessarv docu-
enter into force on the date of the ments of ratification or accession.
deposit of their instruments of __Paragraph 5 provides that the
ratification or accession. United States, the United King-

5. The Depositary Govern- dom of Great Britain and North-
meats shall msmmpdy inform all ern_Ireland, anod the USS.R.
signatory scceding States of shall inform sll states which s:in
the date of each signature, the and accede to the treaty of the
date of deposit cf each instru- dates of deposit snd entry into
ment of ratification of and acces- force of esch state.
sion to this Treaty, the date of its  Paragraph 8 calls for registra-
entry into force and other notices. tion of the treaty by the United

6. This Treaty shall be regis- States, the United Kingdom of
tered by the Depositary Govern- Great Britain and Northern Ire-
ments pursuant to_Article 102 of land, and the USS.R. in accord-
the Charter of the United Nations. ance with Artic! 102 of the United

Nations Chartes:
Article 102, United Nations
Charter: '

“1. Every treaty and everv
international agreement en-
tered into by any Member of
the United Nations after the

resent Charter comes into
orce shall as soon as possible
be registered with the Secre-
tariat and published by it.

“2, No party to any such
treaty or international sgree-
ment which has not been
registered in accordance with
the provisions of peragraph 1
of this Article may invoke
that treaty or agreement be-
fore any organ of the United
Nations.”
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ARTICLE XV ARTICLE XV

Any Stat® Party to the Treaty Amendments may be proposed
may proposs amendments to this by any state which is a party to
Treaty. Amendments shall enter the treaty. States that are parties
into force for each State Party to to tho treaty may then accept the
the Treaty screpting the amend- amendments, and when a majority
ments upon their acceptance by a bave accepted them, the amend-
majority of the States Parties to ments enter into force for those
the Treaty and thereafter for each states. Thereafter, the smend-
remsaining State Party to the ments ¢o into effect for each of the
Treaty on the date of acceptance remaining states on the date when
by it accepted.

ARTICLE XV’ ARTICLE XVI

Any State Party to ire Treaty If e state wishes to withdraw
may give notice of its w thdrawal frem the treaty, it may notify in
the Treaty one veor after -.riting the Depositary Govern-

its entry into force by writien ments. i.e., the United States, the
potification to the Depositary Gov- United Kingdom of Great Britain
emments. Such withdrawal shall and Northern Ireland, and the
take effect one year frem the date US.S.R. One year after these

of receipt of this notification. governments receive the notice,
the withdrawal of a state becomes
effective.
ARTICLE XVII ARTICLE XVII

This Tresty, of which the Eng- The treaty, in five languages
lish. Russian, Freach, Spanisk (Erglish, Russian, French, Span-
and Chinese texts sre equaliy au- ish, and Chinese) is deposited in
thent.c, shall be deposited in the the archives of the United States.
archives of the Depositary Gov- the United Kingdom of Great
ernments. Duly certified copies Britain and Northern Ireland.
of this Treaty shall be transmitted and the U.S.5.R. These Deposi-
by the Depositszy Governments tarv Governments are then to
to the Goverr ments of the signa- send certified copies to every state
tory and acceding States. which signs or accedes to the

treaty.

IN WITNESS WHEREOF the undersigned, duly eutlorized, have signed
this Treaty.

Doxzin triplicate, at the cities of Washington, London and Moscorw.,
this twenty-seventh day of January one thousand nine hundred
and sixty-seven.

For the United States of America:
Deax Rusk
ARTBTR J. GOLDBERG

For the United Kingdom of Great Britein and Northern Ireland:
Patrick Deax
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For the Union of Soviet Socialist Republics:
A. F. Dosreyix

For Chile:
Rapoxrzo Toxte

For Mexico:
Huao B. Marafnx

For China:
Crow Smv-xaz

For Italy:
Seroio FENOALTEA

For Honduras:
Ricaroo Minexce Soto

For Ethiopia:
Tasmoxa Harne-Mariax

For Ghana:
Anranay Bexzavix Ban Korr

For C :
Zxxox Rossipes

For Canada:
A. Epaar Ritcars

For Bulgaria:
Da. Lusex GUERASSIMOV

For Australia:
Jogx KEtrH WaLLER

For Denmark:
FLEMMING AGERTP

For Hungary:
Jixos Rapvisxm

For Iceland:
PeTurR TBORSTEINSSON

For Czechoslovakia:
Dr. Rarer Depa

For Japan:
Ryust Takecex:

For Romaaia:
PeTrE Batacrasc
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For Poland:
Zozistaw SIEWCIYE

For Tunisia:
Racmp Driss

For New Zealand:
JACK SREPRERD

For Colombia:
Brrxax Ecravarrfa U.ozaca

For Finland:
Oravi Munkx:

For Panama:
Ricarpo M. Aruas E.

For Laos:
EKBAMKING SOUVANLASY

For Greece:
ALEXANDER A. MaTsas

For the PLilippines:
Jost F. pf:;zmx.

For Turkey:
Mzus EseNser

For Yugoslavia:
VELIX0 MicuNovic

For Afghanisten:
Dr. Arpvr Masm

For Argentina:
Arvanro C. ALSOGARAY

For the United Arab Republic:
MosTara KaxeL

For Haiti: .
ArTrCR BoxBOMME

For Liuxembourg:

MATRICE STEINMETZ

For Viet-Nam:
Bur Diex

For Venezuela:
E~riqre TEIERA-Pants
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For the Federal Republi: of Germany:
Hzixnice Kxarrsrmix

For Israel:
Avaamax Hamuaxn

For El Salvador:
Raxox dpe Cratrumoxt Duxlas

For Thailand:_
Suxicr N:iMuaXHEMINDA

For Sweden:
Husekr px Bescre

For Ecuador:
Gustavo LARREA

For Togo
Ronzxr Asavox

For the Dominican Republic:
Hzcror G .u:cu-gonor

For Switzeriand:
Fruix ScuNYDER

For Burundi: _
CLEMENT Saum3IRA

For Ireland:
W:ttian P. Fax

For Cameroon:
Joszpr N. Owoxo

For Indonesia:
Sutwito KUSTMOWIDAGDO

For Bolivia:
Jriio SanitNes-Gorria

For Botswana:
ZACHARIAE K EODIRELANG MATTHEWS

For Lesotho: _
ALscRro S. MoHALE

For Korea.
Hyes Curt Kix

For the Congo (Finshasa!:
CyRrILLE AportaA
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For U ay:
Rnaln'x‘;n yA ArmyaNpro Cazlik

For the Central African Republic:
Micexr Garux-DovaTre

For Rwanda:
CruesTry KasiNDa

For Nicaragus:
GUILLER#0 SEVILLA-Sacasa

Between January 27, 1967, and February 28, 1967, the following
countries signed the Treaty On Outer Sg:ce:

Country Dats
NIger. c e ecccccrccccccccccmmcncneen February 1, 1967.
February 2, 1967,
February 2, 1857.
February 2, 1967.
February 2, 1967.
February 3, 1967.
eebruary 3, 1967.
February 3, 1967.
February 10, 1967.
February 20, 1967,
February 20, 1967,
February 23, 1967,
February 27, 1967.
Tb- East German regime and Moagolia signed the treaty in Mos-

cow, January 27, 1967, Sierra Lecone signed in Moscow and London
Junuary 27, 1967. Iran signed in London, Juouary 27, 1967,
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