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FOREWORD

This $190,000 Space Industrialization Study was performed under NASA Contract NAS8-32198
for Marshall Space Flight Center from Septembcer 1976 through April 1978. The study was in two
parts: Part 1 identified the potential goals- for space industrialization and developed and assessed
evolutionary program options for realization of those goals; Part 2 defined program support
demands, evaluated and defined the leading program options, and developed recommendations for
program implementation. The study results are documented in four volumes:

1. Executive Summary

2. Space Industrialization Background, Needs, and Opportunities
3. Space Industrialization Implementation Concepts

4. Appendixes

The Rockwell study manager was Mr. C.L. Gould. Other key Rockwell participants were A.D.
Kazanowski and T.S. Logsdon. Additional support was provided by D.B. Anderson, C.R. Gerber,
and T.A. Sackinger. Many others helped in various ways. They included the following key

consultants:
® Dr. Krafft Ehricke ® Dr. Charles Cheeseman ® Dr. Gerard O'Neiil .
Space Global, La Jolla, CA General Electric, Princeton University, Princeton, NJ
e Dr. Reed Powell Valley Forge. PA e  Dr. Delbert Smith, J.D., Space Law
California Polytechnic ® Dr. Ernst Stuhlinger Madison, W1
University, University of Alabama, e Dr. Kerry Joels
Pomona, CA Huntsville, AL NASA/Ames Research Center, CA

The study was performed under the technical direction of C.C. Priest, Marshall Space Flight
Center. Mr. J. von Puttkamer was the overall program manager at NASA Headquarters, Office of
Space Transportation Systems. Major contributions were also made at special working group
meetings by the followirg:

Andrew Adelman e  Bonnie Dunbar e  Barbara Marx Hubbard

IBM Rockwell International Committee for the Future,
Dr. Bertrand Chatel e  Fredrick Durant 111 Washington, D.C.

United Nations Smithsonian Institution, ®  Walter Morgan

Debbie Donahue Air and Space Museum Comsat Corporation
President, Student Chapter ®  (Clarence Hill

of AIAA, Rockwell International

Universi.y of Californa -

at Irvine

Inquiries regarding the stndy should be addressed to the following:

Claude C. (Pete) Priest ® (. L. (Chuck)Gould
NASA-Marshall Space Fught Center rtockwell International
Attention: PS04 12214 Lakewood Boulevard
Huntsville, AL 356!2 Downey, CA 90241
Telephone: (205)4353-27¢6 Telephone: (213) 594-3560
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STUDY APPROACH AND WORK BREAKDOWN STRUCTURE

The complex task of looking 50 years into the future and determining a
recommended approach to the industrialization of space is presented in an
overview form in Figure A-1. We undertook the task with humility and do not
pretend to take fully into account all the socio-economic, technology, and
politics of world wide earth and infinite space.

Our work started with two parallel paths: one looking into the future for
trends and needs and the other searching for space opportunities that techno-
logical forecasting could foresee. Previous work on both subjects 1is voluminous
and we read most of it. The problem was to get from the general to the specific
and from the infinite to a reasonable approach that could be understood and -
supported. Two kinds of screening were used, a narrowing process that identi-
fied the best of the opportunities and an integrating process that allowed a
very few directions of hardware/technology flow to accomplish multiple oppor-
tunities and bring about their benefits.

The direction we want to head and the pace at which we want to proceed are
critical to the process. Fundamental to both is the age~old question of major
attention to immediate needs versus the foresight to sacrific some of today for
a better tomorrow. Also fundamental is the possibility of a major event -- like
a war, climate change, end-of-aging drug, etc. We postulated six program
options, four based on immediate crisis response and foresight and one on
climate change hurting the northern hemisphere. Another program option was
based on commonality across the other five.

By the time you consider six program philosophies, 60 opportunities, three
ratings of importance, and five ratings of rate ~- all divided into five time
frames, you can get about 5000 separate decisions for each option. We made
these and exposed at least 100 people into the results —- in complicated reports
and extended working group sessions. Their response and our judgment led to
the preliminary results summarized in the main body of this report. In addition,
a preliminary hardware implementation scheme is shown, based heavily on full
utilization of the Shuttle, minimum cost over the whole time period considered,
and driven heavily by the steps we need to take to make critical energy
decisions in the uext few years.

At the end of Part I, Rockwell and SAI had each developed various indivi-
dual program options for the future space industrialization program. Up to
this point the efforts of the two contractors were purposely kept separate so
that the various opportunities for the industrialization of space could be
studied to a reasonable level of detall from two distinct viewpoints. However,
at the end of Part I of the study it seemed more appropriate to merge these
two efforts into a single concentrated assault for Part II. Accordingly, a
series of meetings was held in which Rockwell, SAI, and NASA representatives
developed a new set of program optlons combining elements from the options
which has been developed separately in Part I,
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As a result of these meetings three new program options were synthesized
(See Figure A-2):

a. Energy program leadership
al. Emphasis on lunar materials
a2, Emphasis on terrestrial materials

b. Energy program technclogy development only - implementation delayed
until 1987 decision point

c. No major commitment to the development of the energy program
(studies only)

As can be seen from this list, decisions regarding the energy options
(particularly SPS) are fundamental to the scope and emphasis of the future
space industrialization program. In particular, if either version of Option A
is adopted, the program will be much larger and more ambitious than if the
large-scale energy options are abandoned early in the program.

By mutual agreement most of the emphasis in Part II was placed on Option
B, in which a firm SPS go/no go decision on the SPS was purposely delayed
until 1987. Once these preliminary cooperative matters had been settled, the
necessary hardware concepts were developed in sufficient depth to allow esti-
mates of thelr weights and complexity levels; these estimates, in turn, were
used in a series of cost estimating relationships to obtain fairly realistic
time-phased cost estimates for the major elements in each program estim~te.

With these designs and the resultant time schedules and cost estimates,
it was possible to evolve a single sensible program of space industrialization
that could be implemented and sold.

The salient features of this recommended program were then summarized in
several different ways to encourage communication to a variety of groups. For
example, a technically oriented program definition mode of communication was
defined including work breakdown structures, costs and schedules, and necessary
near-term technologies that would be appropriate for the technical community
and aerospace professional. A mode of presentation centering on the societal
benefits of the program would be more appropriate for government and industry
leaders. And a mode of presentation oriented around the participaticn of
various governmental agencies and other world agencies would be more appropri-
ate for delivery to bureau chiefs and other specialized personnel.

WORK BREAKDOWN STRUCTURE

The initial work breakdown structure (WBS) used in this study is shown in
Figure A~3. The work breakdown structure shows the elements costed. Cost
estimates ~ both non-recurring and recurring - were developed for the space
segment, ground segment, transportation, and operations for each of the
recommended opportunities.
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NEEDS SUMMARY

Throughout the time interval in which the background scenario was being
assembled, various needs of mankind were constantly being discussed by the
members of the analysis team. However, actval work on the human needs section
of the study was purposely delayed until the team members had an opportunity to
digest and reflect on the background scenario and to develop clear notions on
the probable course of various future large-scale human enterprises. The results
of these thought processes are summarized in Tabl. 1 through 5. Note that
the tables are labeled '"Problem Solution Goals/Objectives.'" This rather devious
title was selected to avoid a muot discussion of real needs versus desires that
might result if the lists were more simply titled. Note alsoc that time frames
are assigned to each item. A short time frame corresponds to a need in the next
decade. A medium time frame corresponds to a need in the late 1980's or the
early 1990's and a long time frame corresponds to a need beyond the year 2000.

The needs listed in the various tables are divided into five separate
categories:

1l. Population

2. Industrial Production
3. Food
4. Energy
5

. Political/Economic/Environmental

To some :xtenlt these categories were selected after t'e fact so that the various
entries could be grouped for easier assimilation. Note that the structure and
wording of the individual items in eacn list were infliuencad to some extent by
the foreknowledge that this was a study of advanced space technology. In other
words, the team members developed the various items in Tables 1 through 5.

fully cognizant of the fact that the items listed were to be used to trigger
further ideas on the potential uses of space to solve some of the problems of
mankind. On the other hand, the lists were not strictly confirzd tv those
problems that were obviously amenabkle to sclutions from space.

The primary purpose of this part of the study was to stimulate ideas for
further analysis. It is suggested that the reader not be overly concerned with
the specific breakdown of the lists, the order of the items, or even the total
completeness or wording of the individual items. If the items listed stimulate
further ideas for opportunities in spacz then this exercise will have served its
intended purpose. If not, no amount of restructuring or revision of the
individual items or their groupings would be of any noteworthy consequence.

FIRGDS PAGE BLANK NGT.FLET2
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Table 1. Problem Solution Goals/Objectives - Population
(Demographic, Social, Socio-Economic, and
Communications/Mobility)

Time Frame

-Long 1. Standardize languages/dialects

Short 2. Improved education/job market synergism

Short 3. Skill education (improvement)

Short h. Skill education (new job)

Medium 5.' Develop self-contained packages on specific subject
matter and make universally availabie

Medium 6. Develop system for disseminating information and
education to remote villages

Long 7. Record evolutionary development

Long 8. Compile and document cultural identity

Long 9. Compile and document ~thnic identity

Short 10. Entry of low skills into productive work

Medium 1. Better utilization of female skills (no artificia®
barriers, better child care, etc.) ‘

Short 12, Better utilization of knowledge anZ skills even
after retirement

Short 3. Better utilization of handicapped

Short/Med. 14, Optimum mix of do-it-yourself and special skills
(Yabor costs and tax structure may be forcing too

much bungling, time-consuming do-it-yourself)
Short 5. Improved productivity of United States' workers

Short 16. Productivity incentive (recognition, pay,

promotion, etc.)

Legend:

Short - Needed and really should (or could) be done within the next 10 years.
Medium - Late 1980's or early 1990's.

Long - Near the turn of the century or beyond.

12
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Medium
Medium

Short
Short

Short

Sh:rt

Medium

Short

Short/Med.

Medium
Short

Short

Medium

Long

Medium

Medium

Medium

17.
18

19.
20.

2‘.

22.

23.

2h.

26.
27-
28.

29.

30.

31.

32.
33.

‘X Rockwell International
X L

Optimum work shifts

Flexibility of assignments (assigning the right
skill to a problem even if he lives in Chicago

and the problem is in Pittsburgh)
Fewer interruptions and distractions for workers
Quieter environment for workers

Retter access to existing data and designs

(don't re-invent the wheel)
Improved public safety and law enforcement methods

Schemes for keeping track of the disposition of
criminals in our criminal justice system to assure

swift and fair treatment

Methods for insurin, that the country's recreational

facilities are better utilized and less crowded

Safe, effective birth control methods which can be

used by uneducated populations
Develop stimuli for population control up/down
A morning-after pill

New communication techniques to disseminate information

on the best available birth control techniques

Less risky abortion techniques requiring little or no

professional expertise

Schemes for selecting the sex of unborn children so that
families don't have seven boys trying for a girl (or

vice-versa)
Provide periodic medical check-ups for world population
Establish remote, automated diagnostic cent. s

Establish disease warning network

13
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Medium 34. New techniques for the remnote medical monitoring of
the bodily functions of individuals who are re-
cuperating from serious illnesses or suffering from

chronic corditions

Medium 35. Wider use of paramedics electronically linked to
centrally located medical experts who can provide

instantaneous medical supervision and advice

Medium 36. Develop computer-aided medical treatment

Long 37. Develop fluorocarbon blood substitute

Long 38. Non-touching levitation for burn victims

Long - 39. Means of relieving body stresses (gravity) for health
recovery

Long Lo, Completely safe environment for genetic and virus
research

Long L. Search and identify new pathogenic bacteria and viruses

Long 42, Develop vaccines for pathogenic virus {Lassa/Green

Monkey Fever)

Short/Med. 3. Develop rodent and disease vector populatior

expansion detectors

Med./Long by, Develop rodent and disease vector control
technology/systems
Medium ks, Develop control for schistosomiasis
Long b6, Assure participation in mankind's quests:
° Exploration of space
° Exploration of sea bottom
Long 47. Identify new, efficient living areas

° Climate
Energy sources

Food sources

Meaningful employment

14



Long

Medium

Med./Long

Short

Med./Long

Medium

Short

Long

Long

Med. /Long

Short/Long

Med./Long

Short/Med.

Medium

Short

48.

k9.

50.

51.

52.

53.

54.

55.

56.

57.

58.
59.

60.
61.

62.

‘x Rockwell International

Space Division

Develop projactions of socio-economic impacts of

climatic changes

Personal, portable communications systems which allow
the user to be reached even if the caller doesn't

know where he is located

Transportation facilities which are more immune to

the changes in the weather (e.g., freeways and airports)

Improved search and rescue methods for locating lost

campers, downed airplanes, capsized boats, etc.
Electronic shopping procedures

New methods for the transfer of data in gagabit
quantities from one computer installation to another

by remote means

Rapid tamper-proof methods of credit verification

and personal verification (cheap, sure and quick)
Electronic systems for the distribution of mail

Remote control! techniques for dangerous or remotely
located machines including those that are located In

the space flight environment

Elimination of the barriers of travel for all kinds of

interpersonal (non-touching) relationships
Less time spent in travel

Teleconferencing methods to cut down on personal

travel
Rapid and efficient office-to-office communications

Methods to provide for the rapid access to stored

records and library materials

Access to calculating power

15
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Space Division
Tuble 2. Problem Solution Goals/Objectives - Industrial Production
(Including Materials and Water)
Time Frame
Short ). Means for increasing worker productivity, particularly

with respect to the other countries within the

developed world

Snort Med. 2, Techniques such as cottage industries for putting
unskilled laborers to work and to employ the large
numbers of welfare recipients who are mothers with

dependent children

Mediur = 3. Ways for minimizing the possibilities for second and

third generation welfare recipients

Medium L, Effective schemes for shipping jobs across international

borders to help alleviate labor shortages and surpluses

Medium/Long 5. Simple, inexpensive machines for Third World countries
which will magnify the powers of the average semi-

illiterate unskilled laborers

Short 6. Means for tapping the potential of the marginal farm

labor in many parts of the world
Short/l.ong 7 Faster methods of commuting to work
Short/Med. 8. Method for being linked to the job efectronically

Medium ' 9... Improved machinery which is better adapted to the
capabilities and limitations of unskilled human
opevcators

Short/Med. 10. Methods for reducing wasted materials, labor, and

energy in large industrial operations

Med./Lo 11. Manufacturing processes which promote the easy adaptation

to new product lines

Yedium 12. Methods for increasing the productivity in large dis-
tribution and sales operations (Red Ball Express?)

Legend:

Skart - Needed and really should (cr could) be done within the next 10 years.

Mediui - Late 1980's or early 1990's.

Lowg = Near the turn of the century or beyond.

16
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Short/Med.

Short/Ned.

Short/Med.

Long

Medium
Medium

Med. /Long

Medium

Short/Med.

Short/Med.

Med./Long

Short/Med.

Medium

13.

14,

15.

16.
17.

18.

22.

23.

24,

25.

26.

ey

’1‘ Rocl.well International

Space Division

Contracting procedures whereby the loser of a large
contract does not routinely end up with idle
machinery and idle production capacity

Better means for insuring the protection of pro-
prietary knowledge? (Make a big profit on a winner
to balance out a lot of ReD on a bunch of losers.)

ldentify optimal labor-~intensive industrial options

for underdeveloped countries
Develop water breathing technology/systems

Smarter macnines (computer controlled, safety features,
less waste of material, fewer goofs, etc.)

Structures which are more resistant to weathering

and less affected by high winds

Garbage disposal methods which make use of the
potentially useful components contained within the

gargabe and trash

New methods of locating and assessing natural deposits
of mineral resources, particularly fuels and scarce

metals

Accurate inventories of the world's reserves of

mineral resources

Substitutes for liquid and gaseous fuels which are

equally easy to handle and transport

Safer underground mining methods and less destructive

strip mining techniques (See Energy-Coal Mining.)

Stockpiles of critical materials to avoid the pressures

of monopolies and cartels

Coal gasification and liquifaction methods which do not
require large quantities of water (also land reclamation

methods which are not water-intensive)

17



Medium

Long

Med.Ykong .

Med./Long

Med./lLong

Medium
Med./Long
Med./Long

Short/Med.

Medium
Med./Long

Short/Long

Long

Long

27.

28.

29.

30.

3.

32,

33.

34.

35.
36.

37.

38.
39.

ho.

‘1' Rockwell International

Space Division

- More stable markets for the world's raw materials to

cushion the shock of sudden price fluctuations on
Third World nations

Wider use of renewable resources such as wood, sugar,
and alcohol as a substitute for non-renewable

resources

Better methods or rust and corrosion control to

Increase the useful life of the world's materials

Lighter weight planes and cars to achieve lower

materials usage and reduced fuel consumption

Means for the reduction of the loss of valuable
property and precious materials from fires and

other periodic disasters

Reduced inventories of critical materials by better

management of warehousing and transportation facilities

More efficient design of buildings and other structures

which use large quantities of materials

New lubricants or other strategies designed to reduce

frictional losses
Bigger, better semiconductor crystals

New superconductors, particularly those which can

operate at higher temperatures

New methods designed to achieve the large-scale

recycling of scarce materials such as mercury and silver
Better pharmaceuticals

Develop mineral resources exploration techniques, e.g.,

lon ratios in water (petroleum), water leached minerals

Develop means for subterranean exploration for minerals

Ay BASE ¥
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Med./Long

Long
Long
Long
Med./Loné

Med./Long

W,

k2.
§3.
.
5.
k6.

’l‘ Rockwell international

Space Division

Develop evaporation-retarding substances (surface

and plant transpiration)

ldentify areas of fossil water

Develop methods for mapping subterranean rivers
Identify potential river-reversal/diversion areas
Develop means for killing/removing viruses in water

Develop low-cost water purification processes (ozone)
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Time Frame

Long I
Short 2.
Medium 3.

Med./Long 4.

Short 5.

Short 6.

Short/Med. 7.

Med./long 8.

Medium 9.

Long 10.

Short/Med. 1.

‘l‘ Rockwell International

Space Division

Table 3. Problem Solution Goals/Objectives - Food

More widespread use of the many potentlally attractive foods which
are now regarded as being undesirable or inedible (e.g. unusual

vegetables, rough flsh).
Effective methods of food distribution in disaster situatlons.

Rice, wheat, and corn which contain larger concentrations of the

essential nutrients.

Synthetic meat products which have the desirable properties of

real meat, but are much cheaper.
More encouragement of breast feeding in the underdeveloped world.

More wldespread dlssemination of clear Information on proper

nutrition.
Beverages which are both tasty and nutritious,

Methods for making the low-nutrlent solls of the jungles support

crops without becomming bricklike. (Lateritic soils.)

Economic methods for producing fertilizers on a small scale with

simple equipment and mostly local materlals.

Means for treating or crossbreading leafy crcps such as hay or alfalfa

so that they can be digested by human belngs.

More widespread distribution of vitamlns and food supplements,

particularly for the world's pregnant women.

Legend:

Short - Needed and really should (or could) be done within the next 10 years.
Medium - Late 1980's or early 1990's.

Long - Near the turn of the century or beyond.
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Long

Long

Short/Long

Short

Medium

Medium

Short/Med.

Short/Med.

Short

Medium

Short/Med.

Short/Med.

12.

‘“Q

15.

16.

17.

‘8.

19.

20.

21.

22,

23.

‘l‘ Rockwell International

Space Division

Schemes for producing edible foods In small houses and cramped

apartments. (e.g., edible flowers.)

New strafns of animals which produce more protein and less fat with

less feed.
Effective, Inexpensive means of obesity contiol.

Foods or simple drugs which control intestina! parasites (Third

World primarily).
Market forecasts for food products about three years In advance.

Weather prediction to pracise geographical locations, precisely

three days In advance and generally 10 to 30 days In advance.

Simple means for determining soll chemistry for the evaluation of

fertilizer types and requirements.

Cheap sources of chemical fertilizers (by-products from other

chemlcal processing operations?)

Control of water runoff to prevent soll erosion and to encourage

soak-up.

Methods for the dete:tion and eradication of major crop pésts

and diseases.

More efflcient methods of transporting crops to market, particularly

In the underdeveloped world. ({Llke partial local processing.)

Means for reducing spollage of crops on the ground (including accurate

weather forecasting).
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‘l Rockwell International

Space Division

Long 24, Irrigation methods which use readily avallable power sources such

as wind and solar power.

Med./Long 25. Abundant, rellable sources of water for Irrigation purposes.
Medium 26. Flavoring methods to make cheap, but nourshing foods taste good.

Long 27. Substitute manufactured food for agriculturally grown food (e.g.,

food from petroleum, forestry waste products, or the like).

Long 28. Weather control for major one-time devastating effects such as

killing frost, tornadoes, hall, floods, etc. (Space laser?)

Long 29. Well-planned fish farms on the open oceans and in protected bays and
Inlets.
Short 30. Control of world-wide fishing to Insure optimum catches and to avold

the overharvesting of certain types of acquatlc creatures such as

anchovies and grey whales.

Short/Med. 31. Increases In the efficiency of meat and fish processing and storage

operatlons.

Medium 32, New Incentives to help farmers achieve higher productivity, particularly
In reglons of the world where absentee landloards are prevalent.

(Contests where fields are judged From sp. -e?)

Short 33, Rellable sources of temporary, unskllled farm labor, particularly

In the planting and harvest seasons.

Short/Med. 34. Speclalized herblcides which selectively ki1] weeds and other

undesirable plants without harming useful crops, farm anlmals, or man.
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Medium

Medium

Med./long

Med./Long

Short/Med.

Med./Long

Short/Med.

Short

Short/Med.

Short/Med.

Long

Short /Med.

Short/Med.

5.

36.

37.

38.

39.

40.

h.

2.

h3n

LI

'.50

k6.

7.

‘l Rockwell International

Space Division

Pesticldes which are not persistent In the soil and which do not

enter Into harmful synerglstic relatlonships with other substances.

Speclallized insecticides which ki1l only the harmful pests, but which

are harmless to Innocent bystanders.

Means for the major area control of harmful pests and weeds.

Crop disease cures which can be quickly applied to the frontier of
disease movements (implles accurate sensors to detect the frontler

at any glven time). .

Methods for the practical education of farmers on major new farming

methods and the avallabllity of new farm machines and seed varletles.
Reliable remote control units for gates, water distribution valves, etc.
Cheap, portable shelters for protection against winds and ralns.

Distributed feeding to save fertilizer, but still keep animals

warm, watered, etc.

Cheap remote sensors In cows to tell when they are sick or when they

are In-heat.

Cheap and convenient artificial Inseminators which can be used by

unsklilled farmers.

Sex control for artificlal Insemination sperm (or selective birth

control pills or selective sperm vacclnes).
More efficient cooking methods, particularly for Third World countrles.

Develop foods (or processing methods) that require less cooklng
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Med./long

Long

Short/Med.

Med:um

Med./Long

Long

Lang

Med./Long
Long

Med./Long
Med./Long

Long

“80

50.

51.

54.

56.
57.

58.

‘l‘ Rockwell International

Space Division

Develop Low cost energy sources for cooking:

° Solar

e  Aeroelectrical Aeolian-electrical (cheap battery/charger)

° Methane

Means for the rellable control of digestive effliclency for efficlent

obesity control.

Better means of watersnhed management to protect crops and to Insure
the availablllity «f water when It Is needed for irrigation or power

production.

Means for predicting several consecutlive days of sunny weather for

the harvesting of hay and other crops.

Methods for the control of off-shore fishing rights and the other

rights of coastal nations.
Develop protein extraction from Inedible Indigenous plants.

Develop aquaculture and mariculture:

° Speclies of fish

Location, specles, food
° Fish food sources

Locate essential fertilizer mineral deposits (P205).

Develop palatable foods from Insects.

Develop strains of poultry that are more efflclent In troplcs.
Develop calorie-varlable junk foods (psychic satlsflers).

Develop metabollsm (temperature) elevating drug.
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Medium 60.
Med./Long 61.
Long 62.
Long 63.

Short/Med. 64

’l Rockwell Internationa!

Space Division

Promote sugar substitute (as is done in Sweden)

Develop food plants that can grow In salt/brackish water.
Explore merits of plant-animal hybrids for food.

Cash crops which are productive over a shorter growing season.

Methods for providing abundant nutritious food for the youngsters

of the world during their formative years (brain food).
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Time Frame

Long 1.
Medium 2,
Short 3.
Short h.

Short/Med. 5.

Short/Med. 6.

Short 7.
Long 8.
Long 9.

Med./Long 10.

Long i1,

Medium 12.

‘k‘ Rockwell International

Space Division

Table 4. Problem Solution Goals/Objectives - Energy

Attractive substitutes for oll and natural gas.
More energy-efficlient machines and electrical devices.
Better Insolation materlals for homes and office buildings.

Thin-film coatings for windows which selectively pass some wave

leng+ths while blocking others.
New methods for alleviating electrical peak loads.

Viable schemes for surviving energy embargos and resisting sudden

unrealistic price increases.
Large high-quallty crystals for the rectification of dc currents.

Terrestrial methods for energy trhansmission without wires (e.g.,
the terrest.ial equivalent of microwave or laser transmission or

converting to Hy, etc.)

High energy-density batteries for electric automobiles and other

vehicles.

Efficient energy storage methods for use in connectlon with our

conventional energy grids.

Less energy-Intensive procedures for producing aluminum, steel and

glass.

Turblne blades which are more resistent to h'gh temperatures and

stresses.

Legend:

Short - Needed and really should (or could) be done within the next 10 years.
Melium - Late 1980's or early 1990's.

long -~ Near the turn of the century o. beyond.
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Long

Long

Med./Long

Med./Long

Long

Med. /Long

Short

Short

Med. /Long

Med./Long

’l Rockwell International

Space Division

Schemes for the mass production of composite materizls at a lower.

cost.
Extremely cheap solar collectors which are 1ight, rugged and

radlatlon reslstant.

Cheap, passive solar collector systems which will help reduce the

natlon's heating bllls.

More efficient methods for routing ships and alrplanes to thelr

destinations along fuel-saving routes.

Small, compact cities without Internal highways in which most
transportatlon is accompllshed by walking and riding blcycles

(but with still good quality-of-life).

The perscnal equivalent of electric blankets which are worn on the

body to provide direct heating.

Cheap, effective insulatlon materials which can be Installed by the

home handyman with a minimum of trafning and effort.
Cheap Insulatlion using a minimum of energy and materials to produce.

The recovery of processing heating from power generation facilitles

for reuse in secondary processes.

Improvements in the utillizatlon of process heat In connection with
large-scale manufacturing processes (Europe Is consliderably more

efficlent than the Unlted States).
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Medium 23.

Med./Long 2h.
Medium 25.
Med./lLong 26,
Long

27.

Med./Long 28.

Long 29.
Med|um 30.
Long 31.
Medium 32.

Med./Lang 33.

Long 34,

B et an

‘l‘ Rockwell International
Space Division

Increased operating efficiency for widely used machines such as

auto engines, drill presses, electric motors and alr conditloning

compressors.

Methods for transferring Informatlon such as credlt cards and

involces which do not requlire the dellivery f physical materlal,

Cheap dual-pane windows or other efficlent means for reducing heat

losses through windows and doors.

Attractive architectura) alternatives to the use of large glass

euntain walls in multi-story office bulldings.

Subst!tute materfals which are not as energy- Intensive as the ones

they replace.

Small-scale, portable powerplants for the operation of fans, pumps,

etc. (Solar cr wind?)

Automated subsurface or strip minlng techniques,

Better tecl..iques for converting coal Into liquld and gaseous fuels.

New schemes for the locatlon and explolitation of geothermal energy

deposlts.
New ways to harness the power of the wind.

New, more efflclent methods for transporting gas, oll and coal to

the point of need.

Breakthroughs In fuslon technology
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Long

Short

Medium

Long

35.

37.

38.

Med./Long 39.

Med./Long k0.

Long

Long

Medium
Medium

Medium

Medium

Medium -

hz‘

43.
b4,
bs.
k6.

h7.

’A‘ Rockwell International
Space Division

Intensive development of the technology leading to practi:al

fast-breeder reactors.

Trustworthy schemes for safeguarding radioactlve isotopes from

theft, diversion, or Inadvertant entry Into the blosphere.
Methods for locating attractlve sites for new hydroelectric facllitles

Accurate methods for monitoring the world's wind patterns on a

" contlnuous baslis.

Hybrid ships which utilize the wind on a routine basis, but which are
also capable of self-propulsion to maintain schedules (under good
conditions the sailing ships traveled faster than most of the

commercial ships In use today).

Sensors for the monitoring of major currents in the ocean and thelr

temperatures.

New methods for the exploitation of tne energy locked within the

world's oll, shale and tar sands deposits.

Automated tugs (unmanned for towing Icebergs using primarily wind

power. (Remote control from space?)

Identify areas for low-head turbine installalion.
Identify areas for water-mechanical power (hand-made).
ldentify areas for tidal power.

Identify areas for solar power.

Identify areas for low thermal differential delta turbines
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Long 48,
Long k9.
Long 50.

hed./Long 51.

Long 52,
Long 53.
Long 54.
Long 55.

’l‘ Rockwell international

Space Division

Develop non-gasolline motorcycle/automoblle (electric-sun-wind-charged).
Develop waste-powered electric plants municipal and plant.

Develop efficient methane producer (bacteria strain).

Develop efficient absorption alr condltioner (f.e., servel/LiBr).
Identify optinal dam sites (energy and frrigation).
Identify sea-sink power plant sites (Qattara).

Develop low-cost nlght illumination techniques for crop tending/

harvesting.

Develop integrated electrical energy systems
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Table 5.

Time Frame

Short/Med.

Short

Short

Short

Short/Med.

Short/Med.

Short/Med.
Short/Med.
Med./lLong

Short/Med.

Short/Med.

Med./Long

Short/Med.

Legend:

‘l‘ Rockwell International

Space Division

Problem Solution Goals/Objectives - Political/Economic/Environmental

‘0.

1.

12,

(Includes National, International and Global)

Methods to improve productivity of the country as a

whole

Balance-of-payments improvements
Stable currency

Low unemployment

Effective procedures for minimizing painful oscillations

in the nation's economy

Effective methods of policing international borders
to prevent smuggling, unauthorized passage, and

military intrusions

Remove threats to national sovereignty: from national/

international crime; from narcotics; from terrorism

Automobile engines and stationary machines which are

less polluting and less noisy

More aesthetically pleasing methods for the distribution

of electrical power to the user

A safe, effective means of disposing of nuclear waste

products

Schemes for cleaning up oil spills on the high seas and

along recreational beaches

Quieter, more aesthetically pleasing transportation

 systems

Viable substitutes for asbestos and other man~made
cancer-causing substances which are becoming so widely
distributed in the biosphere

Short - Needed and really should (or could) be done within the next 10 years.
Medium - Late 1980's or early 1990's.
Long - Near the turn of the century or beyond.
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Short

Medium

Med./Long

Short/Med.

Short/Med.

Med./Long

Short/Med.

Long

Short/Med.

Short/Med.

Long

Medium

Long

Med./long

Med./Long

Med./long

14.

15.

16.

17.

18.

‘9.

20.

21.
22,

23.

24,
25.

26.

27.

28,

29.

‘l Rockwell International

Space Division

Effective methods for removing drunken drivers from public

highways

Substitutes for toxic substances, such as fluoride and carbolic

acid, used in manufacturing processes.

Means for insuring the higher combustion efficiency of

hydrocarbons

New methods for safequarding dangerous processes and dangerous

materials

Means for preventing the spread of dangerous contaminants

resulting from major catastrophies such as railroad accidents
Means for the prevention of release of geothermal contaminants

Methods for the non-hazardous disposal of the waste products

resulting from the extraction of coal, sk 2 oil and tar sands.
Identify ill-defined borders
Workable methods for extending credit to Third World nations

Guarantees for investment capital for large-scale international

ventures
Develop/implement zero~sum migration policies

Assess optimal sources of natural wealth in under-developed

countries

Develop local (national) mineral industries in under-developad

countries

Assure share of neutral resources to under-developed countries:
() Fish - royalty for use of assigned grounds

° Minerals - royalty for use of assigned grounds

Assure equitable share of World Bank funds to each under-

developed country

Assure equitabfe contributions from developed country to
World Bank
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‘l‘ Rockwell International

Space Division
Medium 30. Provide assured access to commercial over-flight rights
Medium 31. Assured access to petroleum for transportation
Long 32, Assure access to nuclear power/uranium resupply
Long 33. Reverse trends towards pseudo nationalism in underdéveloped

countries
Short/Med.  3h4. Develop communication systems within under-developed countries
Short/Med. 35. Allocate channels/frequencies to underdeveloped countries

Long 36. International treaties which permit the technological

exploitation of lunar materials

Medium 37. International cooperation in the use of the geosynchronous
altitude and other critical regions in space where the most

desirable locations are intrinsically limited

Medium 38. Effective control of the space debris fragments which are

increasingly populating the space flight environment

ﬁedium 39. VWorkable international agreements on the use of spaceborne

sensors and communication links

Med./Long 40. Cooperative international procedures for the emergency rescue

of endangered astronauts

Medium . 41. Means for insuring the security of major investments in space

Medium h2. Treaties which insure the ability to keep and sell data obtained
in space

Medium h3. Encryption techniques for use in conjunction with direct

broadcast and personal communic> ions systems to insure privacy

and security to the intended recipients

Med./tong L. World-wide cooperation in the construction and installation of

an equatorial launch site

Medium hg., Secure world-wide assignments of frequency bands for RF

transmissions

33



Med./Long

Short/Med.

Short/Med.

Med./Long

Long

Med./Long

Med./Long

Med./Long

Med./Long

Med./Long

Lé.
b47.

48.

L9.

50.

51.

52.

53.

54.

55.

‘l‘ Rockwell International

Space Division

Combustion processes which are less damaging to the biosphere

Means for the short- and the long-tcim monitoring of nuclear
fallout

Monitor (detect) and control pollution:
° Water (domestic and across international borders)

- Detect sources of sewage:

. Chemical wastes
. Thermal polluticn
. Eutrophication
. Radiocactivity
° Air (domestic and across international borders)

- Detect sources »>f air-borne wastes:

. Noxious
. Toxic
. Particulate

Monitor the effect of man's activities on the global weather

patterns and the long-term climatic conditions
Global monitoring of ocean currents and air circulation patterns
Long-term measurements of the earth's critical weather

indicators (e.g., cloud cover, ice formation, mean cemperature,

etc.)

Correlation studies between the solar activity and the

terrestrial weather and climatic conditions

Definitive studies of the effect of man's activities on the

world weather and the world climate

Accurate methods for forecasting the world's long-term

climate trends

Develop technology to monitor and control natural disasters
{e.g., earthquakes, tsunamis, volcanic eruptions, tornados,

hurrlcanes, etc.)
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24,
25.
26.
27.
28.
29.
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38.
39.

’l‘ Rockwell International
Space Division

APPENDIX C:
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1. DIRECT-BROADCAST EDUCATION - U.S.

1., GENERAL OBJECTIVE

Our present educational system utilizes audio-visuals to a limited
extent and live television is available in some key school systems. However,
televised instructional materials are not consistently available to the
districts that need it the most despite the fact that it has been known for
a long time that children learn readily from television programs, including
those programs that are not intentionally instructive.

All basic school instruction attempts to convey information and ele-
mentary skills. Thus, one well-constructed curricula could be developed and
presented to all children - if there were a way to ensure consistent delivery.
Broadcasting from space to individual homes would make classroom activities
more interesting and varied and would give the teacher interesting resource
materials at the flick of a switch.

2. PRODUCT TO EARTH

High-quality universal elementary and secondary education based upon
proven audio-visual (television) methods being developed by certain PBS and
university activities. Initial phase would use local ground transmitters
(UHF) and existing home receivers, broadcasting the exi1 .ng classroom to
thegse children unable (or unwilling) to travel long distances to schools.
Local areas would be extended to rural regions via satellite, freeing the
ground transmitters for extension to more specialized courses, such as account-
ing, business law (for small business entrepreneurs), automobile repair,
computer programming, and special programs for the deaf. These broadcasts

could be commercialized, similar to present extension college subjects.
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Morning hours could be scheduled for primary education; afternoons,
for cultural enrichment; evenings, to special-interest subjects. Adding a
"talkback' capability would enable a desirable student-instructor and
student-student interaction.

3. KEY OBJECTIVES

To provide a high-power multipie-channel UHF television relay to trans-
mit to existing home receivers (direct broadcast); and to provide high-quality,
efficlent training to all students on a nondiscriminatory basis.

4. PRINCIPAL CONTRIBUTION

The delivcry of interesting, varied, and high-quality material to our
nation's schools. Among other things. this would free the teacher to provide
more individual attention tz his or her students without the necessity of
working longer hours.

If desired, these broadcasts could be multilingual on a councurrent basis;
thus, the chiid could listen once in English, then again in Spanish, French,
German - with the serendipitous fallout of learning new languages painlessly.
Since the curricula could be presented on multiple channels., with ali phases
in sequence, the student could advance at his own best rate. Programs cou'd
be recorded (no need for "live presentation') with instant replay of important
points at the student's option.

5. LEVEL OF CONTRIBUTION

Delivered to home television receivers - each nation to prepare its
own curricula, with controlled pattern of coverage. Extension to multi-
national or global service requires additional satellites, as a contracted
service. Multiplication of television receivers to supply undeveloped and

developing countries provides employment to large numbers; d. livery of basic
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and technical training to these countries improves their productivity, gen-
erates customers for tcols and conveniences from advanced developed countries.
6. UNIQUENESS OF CONTRILUTION

The proposed system wculd help eliminate inequities and discrimination,
and ¢ timulate incentives for self-improvement., Satellite broadcast is the
most feasible and least costly method of deliverying service to remote or
widely dispersed areas.
7. TIME FACTOR

Initial phase, using ground transmitters, can be iuaplemented immediately;
extension to USA-sateilite by 1990: extensior to global area by 1995-2000.
8. PRINCIPAL INSTALLATION (Space only)

Geosynchronous high-power, low-frequency (UHF) multichannel transmitter;

each nation provides central preparation facility for own language, own culture,

broadcasts.
Number cf beams per satellite - 100 for the "mitcd States
Number of channels per beam - 100
Bandwidth per channel - 25 kHz to 6Miz
Power-gain product prr channel - 30 db
Antenna size - Approximately 6U {iet
Prime power - Approximately 150 kW
Orbit - veosLynchronous, equatorial

9. PRINCIPAL FUNCTIONAL UNITS

Low-cost television receivers identical to existing sets, with simple
antenna (3-foot parabola) pointed towards zenith. Numerous course-preparation
facilities (one per country). Commercial e .trepreneurs prepare special-

purpose courses, rent time on satellite (special unscrambler needeld at
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receiver) sell to individual customers ($10 per course).

Talk-back requires adding small transmitter (audio) to user terminal,
connected by wire to local center (urban and suburban)or by satellite to
nearest center for rural areas. (One talk-back channel per broadcast channel.)
10. PRINCIPAL TECHNOLOGIES

Large (space) anteunas for UHF (100~ to 400-MHz transmission, plus
necessary solar power assembly.

11. 1IMPACT SPECTRUM

ot e et ————

Techiology ~ Existing, ;
Economy - Improved trade with developing countries in
global phase. Many jobs created to build

ground system.

Environment - No impact,

Social - Great improvement in the quality of primary
education.

Political -  Improvement in international cooperation by

interchange of subject material expands aware-
ness of other nation's pioblems.
Scientific -~ No impact.
12. TFRONT-END CAPITAL
About the same as one SBS satellite, plus ground terminals ($500M -

estimate).
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2. DIRECT BROADCAST EDUCATION - D .ZLOPING COUNTRIES

General Objective: Provide quality education in all areas of developing

countries.

Product to Earth: Universal education based upon proven audio-visual (TV)

methods. Children and adults.

Key Objectives: Decrease illiteracy, improve agriculture, sanitation,

import knowledge necessary for more productive labor.

Principal Contributions: Accelerate development of 3rd and 4th world

countries, improve quality of life, increase market for U.S. technology.

Level of Contributions: Benefitc many times the cost of system. No

credible alternative for many 4th world countries.

Uniqueness of Contribution: Relatively low cost, high quality and

variety of education.
Time Factor: Nearterm 1980 - 1990.

Principal Installations: Village ground stations; central (regional)

computer with stored courses; education data relay satellite.

Principal Functional Units: Ground - classroom TV unit for transmitting

course request, receiving and storing program, displaying program. Central
computer. Course-generating team f{arabic, french, english, etc.).

Space - education data relay satellite in geosynchrunous orbit. Weight
2000 1bs, size 14 ft x 15 ft, power 2000 watts.

Principal Technologies: Low cost high relability ground units, low cost

power generating systems (i.e., wind mills, low-head turbines, etc.).
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11. Impact Spectrum: Expanded market for television console units and

educational courses.

12. Front-End Capital:

Acquisition Cost

Ground units
Computer/course data bank
Software (initial)
Satellite

Transportation cost

Annual Operating Cost

43

$2,000 each
$5 - 10 M
$5 M

$100 M

$25 M

$1 -5 M
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3. BUSINESS SYSTEM DATA TRANSFER

General Objective: Interconnect commercial enterprises for communication/

transfer of business data.

Product to Earth: More efficient and timely interchange of commercial data.

Key Objective: Reduce cost of transfer of data and documents (facsimilies).

Improve management decisions by making more current data available.

Principal Contributions: Increase corporate profits. Expand market for

aerospace/electronic technology.

Level of Contribution: Benefits (commercial market potential) many times

system cost. Analogous to savings over conventional, earth-based network
of hard lines and microwave relay stations.

Uniqueness of Contribution: Low cost, speed of transfer of data and documents.

Time Factor: Near-term 1980-1990 (RCA SAT COM an operational fore-runner.)

Principal Installations: Transmitters/receivers at key facilities of all

major industrial and commercial enterprises. U. S. initially - eventually
world-wide. Data relay satellite(s) in geosynchronous orhit.

Principal Functional Units: Ground-company computer, word processors, and

facsimile units all linked through a message-directly module to a roof-top
antenna for transmitting to, and receiving data from Business System Data
Transfer Satellite.

Principal Technologies: Message switching/directing system onboard satellite.

Optimal antenna/power trade for satellite.

Impact Spectrum: Expanded market for electronic elements. Reduce U. S.

Postal Service's First Class mail volume.

Front-End Capital: Acquisition Cost -

Ground Units (each - electronic interface only) $ 5,000
Satellite $300 M

R » b b
Transportation Cost ARIGINAL DAGL it $ 25 M
4 ¢ POOR QUALITY



4. ELECTRONIC TELECOMMUTING

1. GENERAL OBJECTIVE

Commuting by satellitea.

About 20 percent of our present work force do office jobs at éome
central location. This type of work is handling records, thinking, writing -
none of which requires attending a specific machine and could be done any-
where, since it is individual, not group, effort. Application of today's
technology could, and soon will, implement an office-at-home.

2. PRODUCT TO EARTH

Conservation of resources (gasoline); improvement in office work pro-
ductivity; reduced environmental pollution; reduced congestion in cities and
freeways.

3. KEY OBJECTIVES

Using communications, intelligent terminals, and a CCTV approach, the
usual office job can be accomplished by allocating one room at home to be an
office. Even today, it is less costly to use a geosynchronous communications
relay link than conventional landlines for long-distance telephone calls for
distances as short at 600 miles. The charges, both nonrecurring and sustaining
for implementing the office-at-home would be more than offset by the reduction
in automobiles, gasoline, and highway maintenance if one-fifth of the popula-
tion could work at home; a fringe benefit is a gain of one or two hours per
day not spent in purposeless travel.

4, PRINCIPAL CONTRIBUTIONS

Application of this concept would: reduce our dependence on oil,

gasoline; reduce urban pollution (smog) and congestion; eliminate 10 hours

per week per person of nonproductive, irritating travel time (commuting);
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eliminate large amounts of duplicated paper products (reports, slides, etec.)
5. LEVEL OF CONTRIBITION

Every individual in urban and suburban areas would benefit: the
white-collar workers by not commuting, the construction and manufacturing
workers by easier gccess to roads, streets. parking; significantly cleaner
air; easing of balance of payments (reduced gasoline consumption).
6. UNIQUENESS OF CONTRIBUTION

Very few office work activities require eyeball contact; where neces-
sary, the CCIV provides an admirable, and even advantageous, alternative. It
is easler to concentrate on one small screer than to try to watch a whole
roomful of displays. Attention can be directed to the major points of emphasis;
even hard copies can be transmitted, if meaningful.

And the worker 1s not limited to a home in the suburbs; it could be
Balli - communication time is the same and just as clean and convenilent. Office
personnel, synchronized with the clock,can do theilr work when best adjusted;
the relaxation in nervous tension alone would be worth the effort.
7.0 TIME FACTOR

Initial dispersion (United States Governmen services) by 1990; extend
to United States commercial by 2000.
8.0 PRINCIPLE INSTALLATIONS

Space One or more high-power ccmmunjcation relays.

Ground Many small remote “"intelligent" terminals and
low-power transmitters. Preferably at EHF
(10 to 900 GHz); several thousand audio-band

channels for multiple random access.

46



o

9. PRINCIPLE FUNCTIONAL UNITS (SPACE ONLY)

The space element iu useful only for long-distance communication,
Regional linkages by fibre-optic cables simflar to present telephones on
CIV installations. Where needed, the space element would be analogous to
the Satellite Business System Satellite. No new government-funded satel-
1lites are needed.

(Ground). Extension of CTV and/or telephone networks to individual
terminals in small, neighborhood centers (10 to 100 workers); later to indi-
vidual homes. Neighborhood centers include roof-top antennas for satellite
linkages.

10. PRINCIPLE TECHNOLOGIES

All existing except high-power transmitter at k-band or higher.
11, IMPACT SPECTRUM

Technology -~ Very small requirement.

Economy - $ billions saved by eliminating 20 percent
of automobile population, less gasoline, etc.
$ millions added by ‘ncreased productivity,
relaxation of tension, etc.

Environment - Reduce pollution significantly‘ reduce centralized

congestion; improve housing problem.

Social - Significant improvement in life style for many;

shoulc show immediate public acceptance.

Political - No immediate impact: long range may have effect

of wide-scale decentralization.

Scientific - No impact.

4



12. TFRONT-END CAPTTAL

Space terminal about $50 M; ground terminals for $3 K each (10
million terminals).

B I
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5. WORLD MEDICAL ADVICE CENTERS

1. GENERAL OBJECTIVES

The majority of health care consists nf out-patient treatment as
opposed to hospital confinement. Out-patient treatment generally consists
of data acquisition, analysis (diagnosis) and treatment of systemic disorders
and/or treatment of trauma. The population per physician in the United
States is approximately 650. In the 13 fourth-world countries, the popula-
tion per physiclan ranges f.om 92,759 for Upper Volta down to 3700 for Sri
Lanka, with a median of 27,700 (Indonesia)l. Furthermore, the average life
expectancy of 20-year-old males in fourth-world countries such as India or
Nigeria is on the order of 37 and 39 years, respectively. This means that
the 20 years of food and education invested in half of the 20-year olds will
be wasted because they will die before the =nd of their normally productive
lifespan. The general objective is to provide improved health care to areas
lacking physicians.
2. PRODUCT TO EARTH

Medical technicians at remote health clinics would take blood and urine
samples and process them through automated clinical analyzers. The results
of the analysis along with other data would be transmitted via satellite to
a central, regional diagnostic computer that would process the data and send
back the diagnosis and recommended treatment. The computer would also enter
the case into fileg that would reveal incipient epidemics or 'new" diseases,

8o that the appropriate measures could be initiated.

1oy statistical Yearbook 1972
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3. KEY OBJECTIVES

The proposed system would enable third- and fourth-world countries %o
provide health care to improve the quality of life of their inhabitants and
to protect their investments in food and educatio:, thereby accelerating
development.
4. PRINCIPAL CONTRIBUTIONS

An investment on the order of $20 M for a nation such as Mali could
in a few years more than triple the current accessibility of health care.
Training for a comparable number of physicians would require about 15 years.
In tests held at medical conventions, computer diagnosis has been shown more
accurate than conventional physician diagnosis.
5. LEVEL OF CONTRIBUTIONS

The training of physicians would require 12 to 16 years and cost ap-
proximately 30 percent more than the establishment of a medical clinic. New
medical sachools would need to be built, equipped, and staffed. Medical tech-
nicians to staff the clinieca could be trained in about nne year.
6. UNIQUENESS OF CONTRIBUTION

Low-cost, high-quality medical care could be extended to third- and
fourth-world countries sooner and at a lower cost by this approach than by
any other means.
7. TIME FACIOR

Near term 1980 - 1985,
8. PRINCIPAL INSTALLATION

Two-way terminals in "automated" medical clinics would be iinked via
satellite in geosynchronous orbit to a region's (continental?) medical

diagnostic/treatment computer.



9. PRINCIPAL FUNCTIONAL UNITS
Ground:
Medical clinics equipped with sutomatic clinical analyzerl, data
« transmission/receipt console, antenna, power source, and pharqa-

ceutical stores.

Dianostic computer - one (shared by several nations).

Space:

Spacecraft for data relay between clinics and computer.

Constellation Size - 1
Orbit - Geosynchronous
Description -~ Weight - 3000 1bs

- Power - 2000 Watts

- Size - 15 foot diameter
x 15 foot lens

10. PRINCIPAL TECHNOLOGIES
Spacecraft data relay to appropriate clinics.
11. IMPACT SPECTRUM
Technical - System is uinor advance over existing technology.
Econom'c - Need to devise plan for financial structure of
system(s). Improved productivity within develop-
ing nations. Preservation of investment of food
and education to enable return on investment.
Environmental - Reduce likelihood of spread of untreatable diseases

to developed countries.

1Such as that produced by DuPont, Xerox Corporation, Union Carbide
Corporation, or Technician Corporation
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Social - Improved qualiry of life,

Political - Increased g.,od will towards originators of
system.

Scientific ~ Can detect potential epidemics early; detect

presence of new digeases for medical study/

treatment development.
12. FRONT-END CAPITAL

Acquisition Cost:

. Medical Clinics:
Clinical analyzers (2)
Console/Antenna/Gernerator
Pharmaceutical Stores
Building (Water, Sewage)
Micellaneous Equipment

Total

. Diagnostic Computer:

Software

. Spacecraft:
Development

Unit

Launch Cost
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$ 0.04 M
0.015
0.020
0.020
0.005
$ 0.100 M
2.0
2.0
100.0
25.0
25,0
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Annual Operating Cost:

+ Medical Clinic
Personnel (4)

Supplies

+ Diagnostic Computer Center

53
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6. TIME AND NAVIGATION SERVICES

1. GENERAL OBJECTIVE

Provide an accurate, universal time reference and a three-dimensional
position determination capability.
2. PRODUCT TO EARTH

Time and location information.
3. KEY OBJECTIVES

Synchronize scilentific reference clocks world-wide; enable mobile
units to determine their location accurately.
4. PRINCIPAL CONTRIBUTIONS

Facilitate research into real time dependent physical and astronomical
phenomena; enable precise navigation.
5. LEVEL OF CONTRIBUTIONS

GPS satellite network being implemented. Major benefits will stem from
reducing size, weight complexity and cost of ground portion. Benefit potential
many times anticipated cost.
6. UNIQUENESS OF CONTRIBUTIOLN

Output as PIP on CRT/reference map format or via X-Y plotter on refer-
ence chart. Accurate, reliable, relatively inexpensive in large quantities.
7. TIME FACTOR

Near term 1980 - 1985,
8. PRINCIPAL INSTALLATIONS

Boats, ships, aircraft, cross—country vehicles for navigation; major

gscientic institutions/astronomical observatories for time reference.

ORIGINAL PAGE I
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9. PRINCIPAL FUNCTIONAL UNITS
Ground - standardized IC computer for basic location determinationm;
output coupled to various display systems.
Space - GPS coustellation.
10. PRINCIPAL TECHNOLOGIES
Reliable, low-cost, mass-produced ground units.
11. TIMPACT SPECTRUM
Very widespread.
Military -~ Accurate weapon delivery.
Political ~ Reduction if inadertent territorial violatioms.
Societal -~ Ease of geographical position determination, thus,
reduction of "lost" uircraft and boats.
12. FRONI-END CAPITAL
Minimal - GPS being implemented. Development of low-cost ground units:

$1 M - $10 M. Unit cost: $100 - $200.
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7. IMPLANTED SENSOR DATA COLLECTOR

1. GENERAL OBJECTIVE
To provide the service of receiving data from any earth source and
returning appropriate information to the customer.
2. PRODUCT TO EARTH
Timely accurate, processed information. Examples are:
a. Read-out of water level sensors for control of dam gates
b. Emergency help to someone in distress
c. Sensors in cows to tell when they are in-heat for artificial
insemination
d. Environmental data from remote or ocean locations
e. Fire warnings from heat or smoke sensors
f. Burg.er or vandalism warnings from entry or noise sensors
g. Sensors throughout a huge strip-mining machine (operating on a
winter night in Montana) sending up data to be processed on a
large computer to warn of an impending failure ’
h. etc., etc., etc. oaleMJ§€:3§
3. KEY OB3ECTIVES oF POOR ;
To open up a profitable service whereby we could use one satellite ‘
system and get paid by a multiplicity of users. It would also open up a
wide variety of small businesses and jobs on earth as more and more ideas
for products and services could be keyed to this capability.
L,  PRINCIPAL CONTRIBUTIONS
The service of receiving almost any kind of data from anywhere
within the covered region (like continental United States of America) and

either relaying it on to its user and/or providing time share computer
power to convert the data to information directly to the user.
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5.  LEVEL OF CONTRI!BUTION

This depends on the economics of sharing the service across a large
number of users. For sach user, their function could be done with their
own radio or wire links, their own computers, etc. However, if the space
service were offered, there is a strong probability that ingenious uses
would multiply rapidly. In such a case, this could become a multi-million
dollar service function.
6.  UNIQUENESS OF CONTRIBUTION

It is difficult to interconnect moving things with the bandwidth and
all sorts of hills, buildings, etc., in the way. Hard wire is out of the
question for things like combines, earth movers, etc. For stationary
things, direct-wire to earth computers are difficult to compete with,
particularly in cities. Outside cities, there may be economies in a space
link, but you could nearly always put in a hard wire.
7. TIME FACTOR

Mid 1980°'s.
8.  PRINCIPAL INSTALLATION

The space portion is basically a large antenna, perhaps including a
large computer. The ground portion is a multiplicity of users, each with
a smal} transmitter/antenna. (Does not need to be as small as a wrist %
radio/telephone.)
9. PRINCIPAL FUNCTIONAL UNITS

Antenna-like large structure in space, probably unmanned.

10.  PRINCIPAL TECHNOLOGIES
Large structures, computers, coding/decoding to make maximum use of

scarce bandwidth. Minimum cost ground transmitters.

il
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,2.

IMPACT SPECTRUM
No significant Impact.
FRONT-END CAPITAL (TBD)
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8. NATIONAL INFORMATION SERVICES

1.0 GICNERAL OBJECTIVE: National Information Services'

The percentage of human time wasted in re~inventing wheels is incalcul-
able; this is less due to ignorancé of existing solutions than to lack of
knowledge of where to find information about these solutions. All manner of
ground information banks exist, and continue to proliferate. What 1s needed
is a directory keyed to the user's problem description.

Such a directory could be implemented on the ground, using a geosync
relay: however, each inquiry would then require four channels, two up and two
down. If the directory were installcd in the satellite, only one half-cduplex .
channel per user is needed. To serve the public, several hundred channels
would be required simultancously. Each channel would have its own micro-
processor to access one common mass memory. Updating, file maintenance,
purging, etc., could be uplinked perhaps o.ace a day.
2.0 PRODUCT TO EARTH:

Rapid access to sources of data relevent to all levels of technical, social,
environmental and other concerns. Data banks exist at numerous govemmental
agencies, universities, and commercial operations that can be made available,
for a nominal fee, to those individua‘ls who are attempting to Evaluate a problem
situation and formulate an optimum, feasible solution.

3.0 KEY OBJECTIVE:

Provide a8 common, easily available directory similar to the Federal Informa-

tion Center (Los Angeles); a telephone call will receive information on where to

find the desired service, what agency, telephone numbers, mail addresses,
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applicaticn forms, etc. Expand this concept to include civilian and commerciai
data banks, and include sufficient automatic data processing for file search and

retrieval (analogous to a library's card catalog or periodical indexes).

-4.0 PRINCIPAL CONTRIBUTION:

Provides a single referenca source wherein availablfe knowledge can be
readily accessed by any individual.
5.0 LEVEL OF CONTRIBUTION:

Usable by anyone with access to an"inte.luge:‘.t terminal’connected to
local ground communications terminal.
6.0 UNIQUENESS OF CONTRIBUTION:

Combines in one address many data sources that exist, but are not
generally known. Example: Few"users of earth observation data are aware
that there is a National E.O, data bank in South Dakota and that copies of
LANDSAT-type data (false color photographs) can be obtained from there. The
utilization potential of these data is enormous, cu: will not be realized unti
the concerned users (individual) know about it, ard how to get it.

7.0 TIME PACTbR:
Ground-based central directory (proyrammirg) about five years; transier

to geosync facility by 1990; expénsion to full commercialization by 2000.

N

8.0 PRINCIPAL INSTALLATION:
Centralized directory file preparation. DEGNAL ALY“

PRINCIPAL FUNCTIONAL UNITS:

i
2
5

_ Space, geosync automatic directory; ground, directory update facility.
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10.0 PRINCIPAL TECHNOLOGY:

Information management; develop universal] file search and retrieval syntax.

11.0 IMPACT SPECTRUM:

Technology:

Economy:

Environment:

Social:

Political:

Within present state-of-the-art.

Increased productivity by avoiding redundant work.
Potential commercial (not Government) operation
utilizing DOMSAT-relay in initial stages. Employ-
ment of large numbers of personnel to collect, . .
abstract and develop the directory.

No impact.

No impact.

Would improve visibility o'f Government services,

and relate use of public tax funds to individual

benefits.

12.0 FRONT-END CAFPITAL:

Directory data base, about $500M: Geosync Directory, about twice

that of a DOMSAT relay.
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9. PERSONAL COMMUNICATIONS (WRIST RADIO)

General Objective: Provide personal communications capabiiitles to all

Interested Americans or at least a significant fraction of the general public.

Product to Earth: Communication capabilities of unprecidented power and

flexibility.

Key Objectives: To allow any user to ccnmunicate with his colleagues on a

nearly instantaneous basis even If their exact locations are unknown. Also
to open up nationwide services such as library information to a broad
segment of the general public.

Principal Contributions: Nearly instantaneous communications with friends

and colleagues even under relatively adverse conditions.

Level of Contributions: Initial system would serve approximately 2.5 million

users at an average usage rate of 5 percent. Later system could serve the
entire American population, provided sufficient bandwidth can be obtained.

Uniqueness of Contribution: Terrestrial communication links could provide

some of the envisioned services, however, it does not seem possible to

Install a nationwide system at a reasonable cost without satellite relay

links.

Time Factor: Initial system could be available in the 1985 time frame.

Full, nationwide system could be operational by 1990.

Principal Installations: Large array of multibeam antennas(approximately

200 feet in diameter) located in a geosynchronous orbit. Initial system
would require 3 to 5 antennas; the nationwide system may require as many
as 30 antennas of similar size. Raw power = approximately 3 watts per user.

This, in turn, necessitates a sclar collector of approximately 65,000 ft2

per artenna.
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12.

Principal Functional Units: Principal space units consist of one or more

large, multibeam antennes which relay messages to varlous points within
the continental United Stetes. The antennas will likely be rlg(dly
attached to facilitate mutusl message exchanges. However, they could,
Iinstead, be electronically crosslinked.

Principal Technologies: The principal technologies necessary to make the

system operate include complicated switching electronics, large multibeam
antennas, accurage figure control methorology, and advanced thermal control

techniques.

Impact Spectrum: Spectrum availability will constitute one of the major

socio~economic problems associated with the personal communications system.
The full-service system could require a bandwidth of 500 megahertz or more.
Theoretically, this much of the spectrum could be used for the envislioned
purposes, but this would require delicate international negotiations.
Political conflicts with existing communications carries, such as AT&T,
also seem likely to many observers.

Front-End Capital: To first prototype, $500 M.

64



10. ELECTRONIC MATL SERVICE

1.0 GENERAL OBRJECTIVE:

[N —

An.alysis of the existing nostal content indicates that the personal letter
is one of the least cBmponents , and the bulk of what is in the mailbox are
commercial notices, legal documents and advertisements. A . ‘'gnificant com-
ponent consists of magazine/newspapgrs. Dependence upon surface mail
transport for documents is costly and somewhat less than dependable.

An extension of facsimile reproduction, if brought to the level of the
individual home_or office would fulfill the majority of the requirements although
some security precautions wauld be needed to establish 't'rue-copy" legality {
for some. However, mass mailing, subscription material (magazines, newspapérs) :
could literally be delivered automatically and concurrently to every residence
with one transmission, ORIGINAL PAGE IS
2.0 PRODUCT TO EARTH: OF POOR QU

Considerable savirgs in information distribution costs, manpower, fuel,

increased productivity, user can select what to receive and copy.

3.0 KEY OBJECTIVES:

Establish meaningful transfer of information at high efficiency; positive
transmission of documents by electrcnic, not material means, direct from sender
to receiver; eliminate waste cf costs and resources for unnecessary"shotgun® mail
distribution, while assuring that receivers who want the material will receive it,
and only that which they want. Extension to international mail is obvious.

Using cable television techniques, a number of mail collection/distribution

centers would link the many recipients to the many senders vi3 a high capacity /

satellite relay. The two terminal ends wauld be an "intelligent" facsimile device.

Digital signal processing at the certers would combine the origirators "mailing

list" to the recipients "interest profile", thereby assuring that only those
65



concerned in the document content are linked.
4.0 PRINCIPAL CONTRIBUTIONS:

Replacing physical transport of printed material by electronic methouds
may be the only way to rescue the USPS from its presently deteriorat.g state,
large quantities of papzr {waste disposgal), gasoline (aircraft, trucks) and
under-utilized manpower are required to operate the existing system. Zip code,
automatic sorting and regional centers ;re inadequate bandaids to cover up the
nearly unsupporiable task of distributing,max{y billions of pieces of paper each
year,

5.0 LEVEI; OF CONTRISUTION:

The Electrcnic Mail concept would link every individual to any other
individual or selected groups of individuals. All the present USFS services
(except parcel pést) would be accommodated within hours, rather than days, in ¢
non-polluting, material-resource-free form. Electronic forms repiac. nearly all
printed information média .

6.0 UNIQUENESS OF CONTRIBUTION:

Electronic mail, in this concept, would provide more rapid, certain
and secure delivery of information. No outside parties handle any communication;
letters, bills, newspapers, etc., move from magnetic tape to magnetic tape
(a re-useable media). The recipient reviews the message on a TV screen, and,
if a file copy is desired, causes an output to a separate file tape on to @ micro-
fiche record (C.0.M.).

Billing statements and payments are also electronic; magazines and news-

papers are scrambled so that only those who have paid for a subscription can

receive it. Advertising (junk mail) i{s limited to those subscribers who have
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indicated an “interest profile". Private mail is address-coded so only the
recipient with that cgde can read the message.
7.0 TIME FACTOR:

Complete linkage, within a given area, inside of five years: about the
same time to install a cable TV systemi{ Actual rate of expansion wduld be
determined by the community's acceptance and willingness to subscribe to
this service. Satellite linkage, point-to-point between the CTV centers
could use existing DOMSAT or SBS systems.' On-going experiment in Japan,
using ﬁbre-—bptic cable, will provide evéluation of feasicility, cost and
customer acceptance,
8.0/9.0 PRINCIPAL INSTALLATIONS AND FUNCTIONAL UNITS:

Space: _ One or more SBS satellites.

Ground: . 1000 ground collection, switching and distribution
centers (commercial) through which the USPS may
lease one or more time-shared channels for first-
class mail,

Ground, Subscriber: .Approx. 60 x 106 households, and 10 x 106
business operations would utilize "Intelligent
Terminals”.

10.6 PRINCIPAL TECHNOIOGIES:
Expanded chcnnel relay satellites; automatic sort, switch and forward

processors; minor exparnsion of computer terminal capabilities; development

of fibre-optic cable systems.
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1.

IMPACT SPECTRUM
Technology
Economy

Environment

Social

Within state of design.

Large number of jobs for CTV suppliers, installers,
and operators; full USA-system would require n¢
subsidy, perform more satisfactorily, and increasc
productivity for all nonmanual labor operations: a
let*er could be transmitted and a reply received
within hours rather than days. Postal workers re-

trained as operators and maintenance.

System could save at least $1.6 biilion per year
(present USPS subsidy), millions of man-hours, save
fuel, relieve physical transport facilities, etc.
Present USPS could concentrate on parcel post problem
(16 billion packages per year).

Considerable reduction in paper production and dis-
posal; large reduction in fuel requirements.
Installation of "wired city" plus satellites for
long-distance relay, with Intelligent Terminals in
every home, would also provide the capability for
"education at home," "comnuting by satellite,"
"information exchance," and remote access to computer

power, etc.

Temporary dislocation of postal staff, producers
of paper and printing presses lose markets, truck
manufacturers and fuel suppliers would all be

affected, temporarily.
ORIGINAL PAGE IS
OF POOR QUALITY
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Pciitical USPS monopoly on handling first class mail would
be upset; AT&T, IBM, and digital processor manu-
facturers (1ike Collins) would react; paper suppliers,
printing plants, and stamp collectors would.be upset.
Congressman (free franking privilege) wouId.demind
equivalent service. Except for protestations from
unions and suppliers noted, no internal political
impact 1s seen; international aspects would improve
as communication (mail) is extended to other nations.
Scientific No impact. ‘
12. CAPITAL TO IOC
No governmental funds required; total system would be commercial.
USPS retains monopoly on first-class mail by leasing channels. Equivalent
to installing one pay TV net per post office; terminals, about as much as
development cost of a minicomputer (have no clear data, but would be 1ike
$4 to $10 M. Production facility might require another $25 M. Retail price
should be less than $500.
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11. MEDICAL AID AND INFORMATION - U.S.

1.0 GENERAL OBJECTIVE:

To provide primary health care services to remote areas without access
to hospital facilities or in-residence medical doctors. A recent survey indicates
that over 100 counties in the USA have no resident physician.

2.0 PRODUCT TO EARTH:

A major part of primary diagnosis and treatment can be delivered by
paramedic personnel on-site with advice and guidance from centrally-located
experts. A maxim of medicine is that recovery is greatly enhanced by initiating
treatment as early as poscible to "stabilize" the patient; a complete diagnosis
and recovery can then be made. By utilizing widely—dzstr.ibuted paramedics, or
"physician assistants", health care can be brougnt to the victim rather than
requiring the victim to come to a distant medical facility.

3.0 KEY OBJECTIVE:

Provide an accessible communication link (relay satellite) between widel}-
dispersed paramedical personnel and the limited number of profesc 1 medical
specialists located in centralized hospitals. Provide trairing {'or many additional
physician assistants for assignmeﬁt to remote areas.

4.0 PRINCIPAL CONTRIBUTIONS:

Provision of primary medical observation and treatment to areas where none
now exists. Present paramedic teams provide good service to densely populated
urban/suburban areas; extensicn to thinly-populated areas is limit.ed by tiansporta-
tion and communication obstacles. Availability of commuRications unlimited by

wire or line-of-sight capabilities allows distribution of personnel to remote areas.
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5.0 LEVEL OF ZONTRIBUTION:

Direct delivery of help and treatment to the patient or victim. Present
system requires delivery of patient to a distant treatmént center; patients who
are seriously ill, or accident victims, may not survive the transportation and
delay.

6.0 UNIQUENESS OF CONTRIBUTION:

Improvement of the present system is possible if a communications link
unrestricted by geography or surface facilities is pro'vided. A satellite reiay
does overcome geographical limitations. EHF radio is limited by both line-of~
sight and atnr ospheric attenuation, but is more than adequate to reach a s nchronous
satellite.

7.0 TIME FACTOR:

The space elg’ment could be in place by 1985; the dispersed paramszics
could also be trained and in place by this time. Extension to other nations
(using additional satellites) would be governed by the demand for similar cap-
abilities.

8.0 PRINCIPAL INSTALLATION:
Space Relay Satellite with .multi-lobe “spot-beam" antenna. Two-way

linkage at high frequencies reduces size of antenna and total power needec.

Antenna Diameter: 15 feet

No. of Lobes: 100

No. of Channels/Lobe: 10 .
Ban. vidth/Channel; 15 kHz %‘;‘%rgs; §3mﬂ
Power-gain/Channel: 30 db
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9.0

10.0

11.0

Prime Power: 5 kW

Orbit: Synchronous, Equatorial

Ground: Paramedic grcund transmitter must be light and battery=—
powered. Voice, narrow-band data capability is required. Bése

station is similar but multi.:lexed to serve several paramedics simul-

"~neously.
Antenna Diameter 1 foot
Band Width 15 kHz -
Power-gain/Channel 30 db .
Prime Power 10 watts

PRINCIPAL FUNCTIONAL UNITS

Space: 1 to 10 satellites

Ground: 50,000 paramedics (one per 5000 population) tied to 1‘35
regional hospitals (most alreadv exist but need to add the emergercy-
response capability).

PRINCIPAL TECHNOLOGIES

RF system design, multi-lobe antenna development; ground terminal design.
IMPACT SPECTRUM.

Technology: Existing

Economy: Employment for 50,000 paramedics, manufacturing jobs
to build termminals, greater utilization of medical supplies.

Environment; No impact.

Social: Improvement in patient survival and rate of recovery;
provide health service to Jarge segments of population that have none at

present.
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12.0

Political: Greater benefit to taxpayct than Nationzl Health
Insurance; shculd be welcomed by A.M.A., to avoid nationalization
of doctors' services. International (global) opcrations would erhance
relationships with developino countries.

Scientific: ‘Interchange »f medical treatment methcds between
cultures wou ld spre;_d scientific knowledge rapidly.

CAPITAL TO L.O.C.

Space Element: (one) $500M

Paramedic Terminals: (@ $10K) $560M

Base Terminals: (@ $50K) $5M

Paramedic Training: (@ $20K) $1000M
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12. OIL/ MINERAL LOCATION

1. GENERAL OBJECTIVE

As oil and other mineral resources become scarce, it is imperative
that new techniques be found to increase our capability to locate these minerals.
The proposed system would greatly enhance our capability to locate these ever-
dwindling resources.
2. PRODUCT TO EARTH

Image negatives at a wide variety of wavelengths,
3. KEY OBJECTIVES

To provide multi-spectral analysis of the earth to determine the location
of geologic formations, structures, and lineaments in order to locate possible
reservoirs of oil, gas, as well as zones of mineralization,
4, PRINCIPAL CONTRIBUTIONS

This system will provide a quick, efficient, and less expensive means
of locating resources. ORIGINAL PAGE IS

OF POOR QUALITY

5. LEVEL OF CONTRIBUTIONS

There is a definite need to increase land-surface coverage and the detail
of this coverage in order to increase our mineral exploration capability. The
needs can be met quite easily using a resource-evaluation satellite(s).
6. UNIQUENESS OF CONTRIBUTION

The trend in resource exploration is in a direction which will rely more
and more heavily upon satellite reconnaissance. Satellite observation using

photographs as well as multi-spectral scanners provides data which are of such

quality that they can be obtained by no present alternative. However, the

Thematic Mapper, to be launched in the mid-1980's, may be a viable alternative.
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7.  TIME FACTOR

The proposed system is required as soon as possible., Our nations
ever-dwindling energy supply requires an increase in our capability to locate
these resources.
8. PRINCIPAL INSTALLATIONS

The primary installations will be space-based monitors, Data acquisition
will be from space-based observatories. However, earth-based sensors can
be utilized in conjunction with ~t:he space-based monitors.
9. PRINCIPAL FUNCTIONAL UNITS

Space-based functional units may be manned or unmanned obsert ion
platform(s). The earth-based sensors may be useful in accumulating certain
data which can then be transmitted via satellite to a central ground station.
10. PRINCIPAL TECHNOLOGIES

Technological advances are required to expand the capability to differ-
entiate rock types, soil composition and geologic structures.
11, IMPACT SPECTRUM

The spin-offs of this system could be numerous. The detectability of a
large variety of phenomenon could result from the technological advances
required for this proposal.

This proposal could significantly enhance the U.S. energy reserve and
will have a positive impact on environmental concerns.

12. FRONT-END CAPITAL
Satellite development and production $200M
Launch (0°) VAF3 24M
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Ground service $ 10-50M
Transportation (Shuttle flights to retrieve film) 100M

Processing of data 50M
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13. CROP MEASUREMENT

1. GENERAL OBJECIIVE

To evaluate the physical extent, maturity, and health of vuripus crops.
2. PRODUCT TO EARTH .

Plotographic negatives and multispectral prints in a variety of fre-
quencies to allow for crop analysis.
3. KEY OBJECTIVE

The proposed system will provide a quick, efficient, and accurate means
of monitoring the stage of development of crops as well as the detection of
crop diseases,
4. KEY OBJECTIVE

The proposed system will contribute significantly to man's ability to
control, regulate, and monitor the development of crops.
5. LEVEL OF CONTRIBUTIONS

Millicns of dollars are lost every year due to the late detection of
diseas: and insect infestaticn, as well as the unexpected surplus of crops.
The proposed system would greatly enhance man's capability to reduce these
loses.
6. UNIQUENESS OF CONTRIBUTIONS

Outer space provides a uniqiie opportunity to observe and analyze vast
areas of crops using a variety of sensors. This capability is availaple on
a limited basis from LANDSAT data. The Ti.:matic Mapper, to be launched
in the m{d-1980's will increase these capabilities.
7. TIME FACTOR

This system should be implemented as soon as possibles
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8. PRINCIPAL INSTALLATIONS

The principal installations would be space-based and consist of orbiting
observatories that would transmit multispectral data. The photographic nega-
tives would be retrieved by Shuttle flights.
9. PRINCIPAL FUNCTIONAL UNITS

No supporting units required. However, ground truthing will be required
to enhance c¢valuation.
10. PRINCIPAL TECHNOLOGIES

Critical technologies will be required in the area of remote sensing
in oxder to better differentiate crops and evaluate their maturity and health.
11. IMPACT SPECTRUM

Technologically and scientfically this system would require advancement
of the state-of-the-art of remote sensing that would positively impact the
area of mineral exploration.

Socially, poiitically, and economically the proposed system would have
benefits. In general, it would allow better crop utilization and therefore
maintain a more stable price system for agricultural goods.

12. FRONT-END CAPITAL

Satellite development and productinn $200 M
Launch (0°) VAFB $26 M
Grourd Service $10 - $50 M
Transportation (Shuttle flights to $100 M

retrieve film)

Processing of data $50 M
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14. OCEAN RESOURCES AND DYNAMICS

J. GENERAL OBJECTIVE

The wurld's oceans, comprising almost 70 percent of the surfgce, repre-
sent g viat source of food, minerals, and chemicals virtually untapped today,
but esseatial in the future. <nowledge of fish feeding grounds, migratery
habits, and ocean currents is sparse. Sensing ocean surface conditions
(temperature, emissivity, and various wavebands from IR to visible) can locate
schools of fish, plankton, and currents; trace igratory herds, etc. A near-
earth space observation platform would provide this exploratory data.
2. PRODUC: TC EARTH

An increase in productic.. of protein by location and (potential) manage-
ment of sea life; kncwledge of sea currents, both vertical upwel’s and
horizontal movement; and identification of kelp and seaweed areas for harvest-
ing.
3. KEY OBJECTIVES

Provide an observation platform to survey and map ocean areas, currents,
and resource areas, improve world food production by identifying fish feeding
areas and time of year when present; and establish resource management and
congervation procedures to avoid overfishing certain species and areas.
4, PRINCIPLE CONTRIBUTION

Increased knowledge of this vazt, largely unknown rescurce will permit
grezter (and better) exploitation for increasing human needs.
5. LEVEL OF CONTRIBUTION

Guidance to all sea-harvesting nations to the mos: productive local
areas: present fish harvesting t-.chnology as "hunt »ntil found," relyiag

upon past ex~erience (seldom shared) of incd!vidual fishermen.

PAGE B
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6. UNIQUENESS OF CONTRIBUTION

Exploration and monitoring via satellite provides data in ncar real
time (for fishing) and understanding of ocean dynamics and resources un-
obtainable by surface or alr observation. One satellite could cover all
ocean areas every 12 hours.
7. TIME FACTOR

Unmanned satellite could be in place by 1980; presen SeaSat is proto-
type. Downlink data would require a synchronous data relay (such as TDRS)
at the same time.
8. PRINCIPLE INSTALLATION

(Space only) - Satellite in 300-mile polar orbit with IR and multiband
sensors; 24 to 30 MHz downlink data rate, 100-foot surface resolution, with

.002-degree Centegrade sensitivity.

Weight - 15,000 pounds

Size - 10 x 60 feet
(erected)

Raw power - 25 kW

9. PRINCIPLE FUMCTIOLAL UNITS

Space -~ (me satellite, plus TDRS (2).

Ground ~ One control, tracking, and data handling center,
linked by voice/facsimile to all major and minor
fishing centers and fleets.

10. PRINCIPLE TECENOLOGIES

. Multispectral data reduction, including unique "signature"

analysis and ideatification.

. Long-term cryogenic cooling of long-wave IR sensors.
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11. IMPACT SPECTRUM

+ Technology Extension of aresent development.

+ Economy Generate world-wide market for fish-location
service. ‘

. Social By increasing availability of protein (fiaﬁ) to

developing nations, their living standards, health
and productivity would be improved.

. Pol.cical No impact nationally; international relations
would improve.

+ Sclentific Much increased knowledge of ocean dynamics would
help understand the climatic aspects of the
carth.

. Capital to IOC Space only -- about $300 M.
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15. WATER RESOURCE MAPPING

1. GENERAL OBJECTIVES

For third-and fourth-world countries that are seeking to expand their
agricultural, as well a4 industrial, base, the availability of water is of
paramount importance. Water quality, quantity, and seasonal variation all
bear on developmental decisions. Synoptic mapping via ground or aerial

susveys consumes scarce resources and can require years for completion.

2. PRODUCT TO EARTH
Photography from earth orbit at appropriate frequencies can provide the
required data. The data can be in either film or video signal format. Large

areas can be covered at satisfactory resolution.

3. KEY OBJECTIVES
Perusal of a sample of currxent development plans for third-and fourth-
world countries reveals that the conduct of water resource surveys is an

almost universal objective.

4, PRINCIPAL CONTRIBUTIONS
Water resource mapping from earth orbit would Lc more economical, faster
(once the system is operative) than current mapping methods. Synoptic changes

with the season could be readily obtained.

5. LEVEL OF CONTRIBUTION

Conventional aerial surveys cost $200 to $300 per square mile. If water
resource mapping satellite costs $100 M, it would break even in mapping
400,000 square miles, or less than the land arca of 6 of the 13 fourth-world

countries.

% ORIGINAL PAGE 15
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6. UNIQUENESS OF CONTRIBUTION

Conventional aerial or land surveys provide data valid for the time
(i.e., season) of the survey. Four-season coverage would quadruple cost.
Four-season or repetitive coverage from earth orbit would incur on;y marginal
costs. LANDSAT C and subsequent Thematic Mapper will contain requ£red'capa—
bility.

7. TIME FACTOR

Near term, 1980 - 1985.

8., PRINCIPAL INSTALLATION

One satellite in sun-synchronous polar orbit could cover the entire
earth every 14 to 18 days, depending on altitude and view angle. Because of
the possibility of cloud cover, several passes may be required to obtain data.
Nationals could be trained to do photo interpretation and gather ground truth

data.

9, PRINCIPAL FUNCTIONAL JUNITS

Spacecraft Constellation size: 1
Weight 200 pounds Orbit: Sun-synchronous
Power 1000 watts
Size 10 ft. dia.

x 15 ft. lens

10. PRINCIPAL TECENOLOGIES

Water-sensitive sensors with high resolution.
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11. IMPACT SPECTRUM

e Technical

e Economic -

s Environmental -

e Social -

e Political -

Scientific -

12. FRONT-END CAPITAL
Acquisition Cost

Launch Cost

System is minor advance over existing technology.
Applicable to other water-related missions (i.e.,
snow-pack measurement).

Need to devise plan for financial reimbursement
from user nations. Marked cost benefit advantage
over current approaches.

No detrimental effects other than launch vehicle
exhaust.

Conducive to accelerated rate of development of third-
and fourth-world countries through more efficient
development planning.

Possibly increased international good-will towards
the United States.

Serendipitous discoveries likely.

- 880 M (LANDSAT evolution)

-$824 M

Annual Operating Cost - $10 M to $100 M, depending on number of ground

stations and data processing supvort required.

86



s e e e n oA

16, RUNOFF FORECASTING

1. General Objective :

Snowpack melting is one of the primary causes of floods in th¢ U.S. In the
spring of 1973 35,000 persons were driven from their homes, and over i0,000 square
miles were 1unﬁndated by flooding in the Missouri-Mississippi River valleys, The
damage incurred was estimated to be § M. The extent of flooding could have
been reduced by better water management in the dams along the Missouri. (Fort
Peck, Fort Randall, Garrison, Oshe, Tuttle Creek and Yellowtail). However,
better management would require better knowledge of the snowpack and forecasting °
of the runoff. Snowpack measurement from space would provide essential data

for improved water management,

2, Product to Earth

Snowpack measurement data and water level in tributaries of major rivers.

3. Key Objectives

A. Reduce flood damage by drawing down dams in anticipation of runoff.
B. Maximize water storage for irrigation and power generation within minimal

damage criteria,

4, Principal Contributions

A. Reduced property damage, reduced crop losses, reduced loss of life.

B. More accurate and timely data than obtainable by surface surveys,

5. Level of Contribution

Aerial surveys cost $200 to $300 per square mile. Several 100,000 square mile arsa
would need to be surveyed each year to menage the runoff on the Missouri-Mississippi

River.
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6. Uniqueness of Contribution

Snowpack measurement from orbit has been tested with LANDSAT data and
proven feasible. Runoff forecasting and water management would require addi-

tional, unique temperature data and stream water level data.

7. Time Factor

Near Term: 1980 - 1985

8. Principal Installation

Two satellites in sun synchronous polar orbit could provide complete earth
coverage every 7 to 9 days depending on sensor view angle and satellite altitude.
Data would be relayed to ground stations where it would be computer processed
and analyzed by computer comparison with topographic data. Results would be

provided to appropriate government agencies.

9, Principal Functional Units

Constellation size: 2 Spacecraft :
Orbit: 500 NMi circular polar Weight 2000 1b
Sun-synchronous Power 1000 watts
Size 10 Ft Dia X 15 Ft Len.,

10. Principal Technologies

Temperature sensors; water and snow sensors
JRIGINAL PAGE IS

OF POOR QUALITY
11. Impact Spectrum

a. Technical: System is minor advance over existing technology
b, Economic: Flood damage reduction by half 1likely. Market service to
foreign countries,

c, Environmental: Highly beneficial in alleviat.ng potential flood damage
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d. Social: Reduction of crop and pasture land losses, Improved irriga-
tion and energy production by i‘proved wvater management.

e. Political: Provide runoff forecasts to foreign nations. Proyide disaster
asgessment of nnsoon-flooded regions.

f. Scieantific: Serendipitous discoveries of water sources likely.

12. Front End Capital

Acquisition Cost $120M (LANDSAT evolution)
Launch Cost $ 24M
Annual Operating Cost § O5M to $20M depending a2 extent of service pro-

vided.

ot oAy rake A i w4 wean
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17, GLOBAL EFFECTS MONITORING

General Objective: To develop an understanding ... leading to prediction

and, perhaps, even modification/control of the long-term dynamics of
earth surface, atmosphere, and magnetosphere, principally applying to
weather, climate, and RF communications.

Product to Earth: Initially, science only. Eventually the ability to make

accurate long-range forecasts of major weather/climate conditions on a global
basis. Also, prediction of solar~activity-caused communications effects.

Key Objectives: The principal aspect of this initiative is the Solar

Terrestrial Observatory whose mission is to investigate the coupling of
the solar activity to the variability and dynamics of the earth's

magnet’ sphere and atmosphere. Added to this (in this initiative) is:

(a) if the sun/earth coupléng does not explain it, what does? and,

(b) a degree of predictability of the sun's processes that do affect earth.

Principal Contributions: The principal contributions are (a) longer-range

weather forecasting, very long-range climate change prediction, possibly
clues as to how to modify or control major weather/climate-causad natural
catastrophies, and (b) more reliable RF communications.

Level of Contributions: Varies with time and global scope, but could

become significant to the gross world product (i.e., possibly enormous
impact) .

Unigueness of Contribution: Space is the only vantage point for unfiltered

viewing of the sun and is a unique vantage point for observing/measuring
earth phenomenon.
Time Factor: 1990's for major understanding (science) advanzements.

Modification/control well into the 2ist Century.
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Principal iInstallations: The STO is comprised of four basic space

elements:

(1) A manned module attached to the low inclination, low-earth-orbit
space station. This module will contain computers for processing
and analyzing raw data required from the other spacecraft (via
TORS). Only processeu data will be transmitted to the mission
center on earth. Corceivably, tapes containing selected raw
data could be transported to earth on return Shuttle flights.
The module would be staffed by a crew of six. .

(2) A module attached to the Public Service Platform in geosynchronous
orbit to obtain data on solar variations on the §urface of the
sun, and to make direct particle measurements of the solar wind
and Its variability.

(3) A magnetospheric satellite in a high-inclination, low earth
orbit to investigate the magnetospheric conditions that result
from changes in the solar wind.

(4) A network of six solar wind satellites placed outside of the
magnetosphere to obtain data on the temporal and snacial proflile
of the solar wind.

Grounu installations will be basically the natural extrapolation of existing

meaning and data processing functions, except that world-wide data is

important to the understanding of varied regional effects.

Principal Functiconal Units: Thre space station module contains: optlical

Instrumentation for studies of the sun and solar activity; optical
instruments, liddr, and.radiometry instraments .for.studies of'thelearth's

atmosphere; and active instruments and particle measuring devices for studies



10.

1.

of the magnetosphere. It needs large enough crew to have the investigations
occur around-the-clock. The smaller satellites are more like 0AO or 050
-size and complexity.

Principal Contributions: The new technologies are reasonable extrapolations

of present state-of-the-art, particularly in lidar, laser radars and data
processing of doppler effects, elastic scattering, electromagnet'c
spectrum and absorption signatures. Other system requirements for the

space station module are:

Power - 5 kW average; 20 kW peak .
Pointing - arc seconds for optical instruments
Orientation - earth-pointing for atmospheric instruments;

sun-poir ting for solar instruments
Cooling -~ cryogenics for IR and cther instruments
Data - 1 Mbps peak (on-board recoding and analysis
equipment required,

Telemetry

downlink-voice, real-time TV, periodic data
transmittal

uplink - same ag above

Paylnad Weight unpreasurized ~ 10,000 kgm
pressurized - 3,000 kgm

Crew Size « 2+ 2 (12-hr shifts)

Impact Spectrum: Weather is a paramount driver in the daily lives of most

of the people of the earth. Certainly many losses of crops, buildings, etc..
could be saved with better short-range weather prediction. Long-range

climate change prediction (if believed) could avert, or at least mlt ,ate,
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major multi-year catastrophes (to many). However, in such an interrelated

system as global weather and climate, there will surely be legal and

political implications.

12. Front-End Capital: Approximately $1.0 B.
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18. LANDSAT D

General Objective: To establish feasibility and merits of high resolution

multispectral scanning of earth.

Product to Earth: Synoptic earth data in seven spectral bands with

twice the resolution of LANDSATS A, B or C.

Key Objectives: Detect surface features - both permanent and transitory

that possess economic importance.

Principal Contributions: Demonstrate feasibility of acquiring high

resolution earth data - which, when analyzed, provides economic benefits.
Level of Contributions: Based on LANDSAT A and B benefits, LANDSAT D
should display benefits many times the cost.

Uniqueness of Contribution: Improved resolution and increased number

of bands (over prior LANDSATS) present potential for earth resource
detect'ion that ->uld exert major impact on food, mineral, and water
resources and provide basic for improved management of spaceshy earti's
resources.

Time Factor: Scheduled to be operational in 1981.

Principa! Installations: Ground stations for receipt of data aiready

in existence.

Principal Technologies: Thematic mapper coniract awarded to Hughes

in February 1977.

Princ'val Technologies: Sensors (thematic mapper) under development.

Impact Spectrum: Impact economics of all nations.

Front-End Capital: Funds authorized.

PAGE ©
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19, TOPOGRAPHIC MAPPING

l. « aeral Objective

Borders of many third- and fourth-world countries are ill-defined.
These need to be mutually established prior to inuensive, detailed mineral
regource mapping. Tha mapping should be ~f sufficient quality to enable
1:62,500 (1 mile to the inch) topographical mapping. Topographical maps are
required for rational planning of roads, dams, irrigation canals, airfields,
etc. To map fourth-world countr ; like Chad (495,000 square miles), Ethiopia
(395,000 square miles), Mal’ (465,000 square miles), Niger (458,000 square
milag), or Mauritania (398,000 s~uare miles) by aerial photography, approxi-
mately 7000 photographs would be required of ~ach if taken from an aiccraft
flying at 60,000 feet. 1Ia contrast, less than 150 satellite pliotographs would
be required. As of August, 1976, the only complete coverage of the United
States is at a scale of 1:250,000 (4 miles per inch), which is tuo small for
many purposes. Computer processing wnuld enable the automatic production of

topographic maps from satellite data.

2. Product to Larth

Stereophoto data (60 percent overlap) at high resolution.

3. Key Objeccive

High-regolution earth mapping via satellite will enable the construct’oa
of detailed topographic maps ii.cessary to national developmental planning.
The topographic profiles will facilitate geolcgical surveys in search of water

supplies or mireral deposits.
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4. Principal Contributions

Topographic data are essential to effective planning of transportation,
water and energy systems. Because of thc long time and high cost required
to gather such data by conventional means, developmental decisions in the
above areas will be made on fragmentary or erroneous data. Generation of
topographic data by satellites can provide this data economically and quickly,
and ’ 22ause of "he wide area covered by each frame, ground processing of the

data iz reduced.

5. Level of Contributions .

Conventional aerial surveys cost on the order of $200 to $300 per square
mile. By spreading the cost of the satellite system over the many pctential
usars, the cost of obtaining the needed data should be reduced by an order
of magnitude. Computerized processing of the data could make the desired maps

readily available.

6. Uniqueness of Contribution

No current space system can provide the required data.

7. Time Factor

Near term, 1980 - 1990.

8. Principal Installations

A gatellite in a high inclination or sun-synchronous orbit would be required.
Depending cn technological advances, either high-resolution film - to be recovered
by the Shuttle - or a high-resolution video system with either a very large data
storage and high-speed dump capacity (or possibly data reiay via satellite) would
be required. Because of the specialized nature of the computer processing and

personnel skills required, one facility is envisioned.
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Principal Function Units

Constelliation size: 1

orbit: Sun-synchronous

Principal Taechnologies

Spacecraft:
Weight
Power

Size

Payload:

3000 1lbs
2000 watts,
14 £t dia. x

20 ft len.

Self-loading camera and

film reels or video scanner

with data storage.

High-resolution video, large capacity data storage or replaccable film

storage and protection module with automatic film loading. The video approach

is preferred because it would eliminate the need for periodic Shuttle support

missions.

11.

Impact Spectrum

Technical

Economic

Environmental

Social

System 18 largely an application of military

technology with modeat improvements over correct

S-0-T-A.

Plan for amortizing cost would need to be developed.

No detrimental effects other than launch vehicle

exhaust.

Conducive to more efficient development of third-

and fourth-world countries through improved develop-

ment planning.
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Political - Possible need to establish international consortium
to acquire and process nationally sensitive data.
Scientific - Serendipitous applications to geology, mineral,

and water surveys.

12. Front-End Capital

Video Film
Acquisition cost $150 M $80 M
Launch cost 24 24
Annual 10 - 50 105 - 150

(service 90 days)
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20. HIGH-RESOLUTION RESOURCE SUKVEY

1. GENERAL OBJECTIVE

To detexrmine the best application of various sections of land. from
the point of view of agriculture, energy, recreation, and social needs;
2. PRODUCT TO EARTH

Photographic and/or multispectral scans indicating soil, rock type,
water table depth and boundaries, snow cover and other partinent information
that might affect land use.
3. KEY OBJECTIVES

The proposed system would provide a quick, efficient, and accurate
means of performing land mapping and land inventory.
4, PRINCIPAL CONTRIBUTIONS

There is an ever increasing necessity to utilize land to its best
capacity. The proposed system would allow efficient, arge-scale, as well
as detailed, evaluatiom.
5. LEVEL OF CONTRIBUTIONS

Many thousands of acres of land are unused or are used inefficiently.
The proposed system would greatly reduce this waste of natural resource.
6. UNIQUENESS OF CONTRIBUTION

Outer space provides a unique opportunity to observe and analyze vast
areas of land ugsing a variety of sensors. This capability is not available
at present and would be especially useful to underdeveloped countries of the
world. he best alternative to the proposed system is the Thematic Mapper

to be launched in the mid-1980'‘s.
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7. TIME PACTOR

This system should be implemented as soon as possible; the space hard-
ware is relatively small and compact.
8. PRINCIPAL INSTALLATIONS

The principal installations would be space-based and consist of orbit-
ing platforms that would transmit multispectral data. The photographic nega-
tives would be retrieved by the Space Shuttle.
9. PRINCIPAL FUNCTIONAL UNITS

No supporting units required, although some ground truthing may be
necessary.
10, PRINCIPAL TECHNOLOGIES

Criticul technologies will be required in the area of remote sensing
in order to better differentiate soil types, moisture, vegetation, and other
pertinert characteristics.
11, IMPACT SPECTRUM

Technologically and scientifically this system would require advance-
ment of the atate-of—the-a;t of remote sensing that would positively impact
the area of mineral exploration and crop management.

Socially, politically and economically the proposed system would have
substantial benefits. In general, it would allow better land utilization
and provide for long-range planning as a result of an accurate land capa-

bility.

12. FRONI~END CAPITAL

Satellite development and production $200 M
Launch (0°) VAFB 24 M
Ground service 10 - 50 M
Transportation (Shuttle flights to retrieve film) 100 M
Processing of data 50 M
PAGE b
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21, HIGH~RESOLTUION RADAR MAPPER

1. GENERAL OBJECTIVE

Provide surface regource and mapping data for cloud-covered regions.
2. PRODUCT TO EARTH

Synoptic data on mineral resources, crops, rivers, and other geographic
characteristics for areas where cloud cover precludes acquisition of data
via conventional satellites or aircraft.
3. KEY OBJECTIVES

Provide developing nations with internal data essential for their
national development.
4, PRINCIPAL CONTRIBUTIONS

Facilitate mapping of inaccessible regions of developing countries
where perpetual vegetation generated smog, haze, fog, or clouds prevent direct
obgervation. Determine extent of ficoding under cloud cover.
5. LEVEL OF CONTRIBUTION

Need additional data on extent of cloud-covered regions and proba-
bility of observation by conventional satellite.
6. UNIQUENESS OF CONTRIBUTION

Competition from radar equipped mapping alrcraft needs to be examined
further (side-looking radar, sythetic aperture).
7. TIME FACTOR

1985 - 1990
8. PRINCIPAL INSTALLATIONS

Because of need for low altitude to improve resolution, coupled with

data storage limitations, ground stations (mobile) need to be provided in
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areas to be mapped. TDRS to central receiving station is an alternative,
9. PRINCIPAL FUNCTIONAL UNITS

Ground - Mobile data receiving stations equipped with internal power
generating units and data processing facilities. TDRS relay of data to
central ground station is an option.

Space - High-powered, rader equipped satellite (1 to 3 gigahertz fre-
quency) in relatively low polar orbit.
10. PRINCIPAL TECHNOLOGIES

Satellite - particularly radar antenna and related electronics.
11. IMPACT SPECTRUM

Depends on (a) extent of perpetually cloud-covered areas; (b) need for
repetitive (e.g., seasonal) coverage; and (c) economics of radar coverage
from high-flying, synthetic aperture radar-equipped aircraft.
12. FRONT-END CAPITAL

Satellite cost estimated at $500 M

INAL PAGE 1b
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Io.

1.
12.

22.

General Objective:

Product to Earth:

Key Objectives:

Principal Contribution:

Level of Contribution:

Uniqueness of Contribution:

Time Factor:

Principal Installation:

Principal Functional Units:

Principal Technologies:

Impact Spectrum:

Front-End Capital:

I i o

‘l‘ Rockwell International
Space Division

I SOENZYMES

Manufacturing of Isoenzyme Dliagnostic Kits
for early/effective diagnosis of disease.

Extremely high efficiency diagnostic kits
for medical doctors to diagnose patients.
Should be much more effective in early
detection/warning of contagious or cata-
strophic diseases.

To provide more efféctive ways of combating

vectors of disease/save lives.

Unique bio-chemistry enabling medical
science to improve its efficiency in

diagnosing/curing patients.

Each doctor in the field or in city
hospitals will have access to these

inexpensive kits.

No way to produce such & product on earth.
lts amplification of effectiveness must be

determined empirically.
Early 1980's.
Near-Earth-0rbit Manufacturing Facillity:

(1) free flyer, (2) space station, or
(3) spacelab.

Isoenzyme (anti-body-type) vaccine to be

injected in patient.

Separation of proteins (enzymes) via

electrophoresis.
To be determined.

To be determined (will be combined with
many other items)
103
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23. UROKINASE

1. GENERAL CLASSIFICATION:

Space manufacturing of small, high-value/low-mass products.
2. GENERAL OBJECTIVE:

Manufacturing of large quantities ( .~ 10 kg/yr) of the organic catalyst
enzyme-'urokinase', for medical and pharmaceutical industries,
3. PRACTICAL APPLICATION:

Save lives. Dissolves blood clots after they have formed.
4. SUBSTANTIATION OF IMPORTANT NEEDS:

Key Objective: To cure victims of strokes, hardening of the
arteries ... by producing a product that will
disolve blood clots after they have formed.

Principal Contribution: Will provide medicine with a unique product
to combat 'blood .:lot' related diseases.

Level of Contribution: Production of large amounts of 'urckinase’ will
benefit victims of heart attacks, strokes,
phlebitis ...7 to 100 times more of the product
will be possible in orbit.

Time Factor: 1981 - 1982,

Principal Installation: N.E.O. manufacturing fac:lity. (1) Free Flyer,
(2) Space Station, or (3) Spacelab.

Principal Functional Units: Electrophoretic separators.

Principal Technology: Electrophoresis separation of cells.

5. IMPACT SPECTRUM:

Technology: Existing/improvement in instrumentation needed.
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. Economy: Pharmaceutical industry will benefit financially.
Perhaps one percent of U.S. population will
benefit. The economic effects of a healthy
work force is difficult to quantize, but could
not help but improve the economic coniditibn
of the country.

Social: Product to earth will save more lives, create a
healthier society.

Political: A large (surplus) supply of this product would
certainly be in demand worldwide Would help
U.S. balance-of-trade (payments).

Scientific: Medical breakthrough.

6. FRONT-END CAPITAL:
STS Cost: $25  $1000/# ?
DDT&E Costs: TBD

. ROI: TBD
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24, INSULIN

General Objective: Supply insulin treatment to one million persons per

year at lower cost to avoid the''insulin crisis' in which demand is pr.jected

to exceed supply.

Product to Earth: Cured insulin of human or non-human source and/or

tissue culture of insulin produ~ing cell.

Key Objectives: Make available a cheaper and safer source of insulin

to overcome the limitation on insulin sources.

Principal Contributions: Low cost human insulin produced from cultures of

pancreatic celis.

Level of Contribution: Over 30,000 people die of diabetes each year, and

over one million require daily doseages. This rate is increasing and
appears to be unchecked.

Uniqueness of Contribution: Terrestrial production is limited in supply

-

efficiency and no human insulin is available except for research applications. ®

Zero-g environment seems to hold promise for overcoming these limitatiouns.
Insulin synthesis is an alternative and not practicable for production.
Time Factor: Since insulin has FDA approval, near-term availability
depends mainly on the results of proving of the process. Human insulin
production by 1985 may be achieveable.

Principal Installations: Low earth orbit manufacturing facility: /1) free

flyer, (2) Space Station, or (3) Spacelab.

Principal Functional Units: Electrophoretic-separators.

ORIGINAL PAGE Is
OF POOR QUALITY]
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10. Technology: Recrystallization and gel filtration the present method
of Insulation purification. The use of electrophoresis in space may
improve the efficiency of the process. Production from pancreatic cell
cultures in space may provide the more desired source of humaq Insulin.

| m!u'm leading towards production of insulin by genetlc.
modification of E-Coli.

11.} Impact Spectrum: Development of entirely new process for production of

insulin. Save thousands of lives by expanding supply to satisfy the

foreseen demand.

12. Front-End Capital: Space facility estimated at $100 M. (Assumes legacy

from on-going and precursor programs).
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25, SUPER LARGE SCALE INTEGRATFD CIRCUITS

1. GENERAL CLASSIFICATION

Space manufacturing of small products
2, GENERAL OBJECTIVE

Manufactbre of defect free substr.te wafers for LSIC chips and
computer storage applications.
3. PRODUCT TO EARTH

Large scale integrated circuit chips (LSIC). Bubble memory devices.
b, KEY OBJECTIVES

To provide the micro-electronic industry with ultra high-resolution
photolithography for imprinting circuits with line spacings measuring in
the millionths of an inch. Seismic motions of the earth inh._.t such small
separations of circuit lines.
5.  PRINCIPAL CONTRIBUTION

Use the vibration-free environment of space to perform such operations.
Will benefit the micro-electronic industry.
6. LEVEL OF CONTRIBUTION

Annual market assessmeni. of the communications products such as ATC
radar, collision avoidance systems for aircraft alone are estimated at
100 W/yr.
7. UNIQUENESS OF CONTRIBUTION

Benefit communication needs (military and civilian) improves yield
factor. Produce LSIC with A/4 + )\/2 spacing for high frequency applications.
Only way to isolate process from terrestrial and eusmic and acoustic
coupling vibrations.
8. TIME FACTOR

1985 to 1990
108
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10.
1.

12.
'30

PRINCIPAL INSTALLATION

NEO manufacturing facility.
PRINCIPAL FUNCTIONAL UNITS (TBD)
PRINCIPAL TECHNOLOGIES

° Crystal growth from a melt

° LSIC photolithography techniques
IMPACT SPECTRUM (TBD)

FRONT-END CAPITAL (TBD)
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26. SILICON WAFERS FOR DC RECTIFIERS

1.  GENERAL CLASSIFICATION

Space manufacturing of high value/low mass products
2.  GENERAL OBJECTIVE

Manufacturing of flawless silicon wafers for large seéle electrical
power rectification
3. PRODUCT TO EARTH

Silicon control rectifiers for public utilities companies
b, KEY OBJECTIVES

To provide: - power equipment builders with large (15 cm diameter)
and dislocation-free silicon semiconductor components for control rectifier
devices used in ac/dc/ac power converter facility stations
5.  PRINCIPAL CONTRIBUTIONS

For this specific application of single crystal silicon, there is an
urgent need for flawless, large diameter (~15 cm) wafers for use in ac/dc/ac
power conversion system, i.e. conversion rectifiers.
6. LEVEL OF CONTRIBUTION

Will provide the power industry with semiconductor rectifier silicon
wafers (10-15 cm) that can handle up to 700 amperes and reduce the amount of
smaller size [SCR's) ... to handle up to 360 megawatts of power.
7. UNIQUENESS OF CONTRIBUTION

The float zone refining method is capable of producing high grade
wafers (~ 4 - 5 e¢m) diameter SCR's... for electrical power applications.
However, the primary impediments are large diameter wafers. Space manufacturing

can provile this unique semiconductor material.
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8. TIME FACTOR

~ 1985
9v PRINCIPAL INSTALLATION

NEO manufacturing facility, i.e., free flyer, space station,
spacelab.
10. IMPACT SPECTRUM (TBD)
11. PRINC!PAL TECHNOLOGY

o Crystal growth from a melt/zone refining

12, FRONT-END CAPITAL  (TBD)
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27. NEW OPTICAL GLASS

1. GENERAL CLASSIFICATION
Space manufacturing of small products

GENERAL OBJECTIVE

2

Manufacturing of optical glasses for refractive optics and laser windows.
3. PRODUCT TO EARTH

New glasses with superior characteristics: IR transparency, high strength,
pure, thermal shock resistant glass.
4, KEY OBJECTIVES

To obtain containerless melt to minimize: convection and contamination
and sources of nucleation to prevent devitrification.
5.  PRINCIPAL CONTRIBUTION

High index/ABBE number glasses. 5-10 u IR transparency improvement
for lasers.
6. ' LEVEL OF CONTRIBUTION

Optical instruments and lens market estimation 10 M/yr.
7.  UNIQUENESS OF CONTRIBUTION

No way to dc containerless melts in terrestrial industries; therefore,
space only way to go.
8. TIME FACTOR

~ 1985 - 1990
9.  PRINCIPAL INSTALLATION

NEO manufacturing facility.
10. PRINCIPAL FUNCTIONAL UNITS

Furnace melt facility
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11.

12,
13.

PRINCIPAL TECHNOLOGY
Existing glass manufacturing
IMPACT SPECTRUM (TBD)

FRONT-END CAPITAL (TBD)
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28. FIBER OPTICS

GENERAL CLASSIFICATION

Manufacture of small products in space

GENERAL OBJECTIVE

To produce high transmission fiber-optics in space.

PRODUCT TO EARTH

Fiber optics for applications in optics, e.g. communication by wideband

light beams.

k.

KEY OBJECTIVE

To obtain containarless melt to minimize convection and contamination

and sources of nucleation to prevent devitrification.

5.

PRINCIPAL CONTRIBUTION
Very high transmission fiber optics with a minimum of losses.

LEVEL OF CONTRIBUTION

Medical, communication industry will benefit.

UNIQUENESS OF CONTRIBUTION

No way to do containerless melting in 1-G terrestrial environment -

space unique in that industrial sense.

8.

10.

1.

12,

13.

TIME FACTOR

~ 1975 - 19390

PRINCIPAL INSTALLATION

NEO manufacturing facility.

PRINCIPAL FUNCTIONAL UNITS

Furnacemelt facility fiber drawing apparatus.
PRINCIPAL TECHNOLOGY

Existing.

IMPACT SPECTRUM  (TBD) omG“;OAL ?\?Ahm‘

FRONT-END CAPITAL (TBD)
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29. HIGH-TEMPERATURE TURBINE BLADES

1.  GENERAL CLASSIFICATION

Space manufacturing of small products
2. GENERAL OBJECTIVE

Manufacture of high temperature/high strength metal turbine blades
for turbojet and power conversion-type engines.
3. PRODUCT TO EARTH

Long life/high temperature turbine blades for fuel burning turbojet
engines.
4.  KEY OBJECTIVE

To grow single crystal and eutectic turbine buckets without anomalies
for less than 1650°C turbine inlet temperature and minimized grain boundaries
for increased blade life.
5.  PRINCIPAL CONTRIBUTION

Some replacement costs of ~ 4.5 M/yr. Reduce fuel consumption; reduce

o S

air pollution. Some material development costs. Reduce fare of air transportation.

Improve public safety.
6. LEVEL OF CONTRIBUTION

Public safety, national defense, public transportation, balance of
payments.... all have some impact.
7.  UNIQUENESS OF CONTRIBUTION

Space processing metallurigical methods offer new metals with unique
temperature and strength properties. By increasing the temperature threshold of
present turbine blade engines, the efficiency and lifetime of the engine

would increase, thus, saving energy and reducing maintenance of the engine.

. £
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10.

n.
12,

TIME FACTOR

~ Late 1980's

PRINCIPAL INSTALLATION

NEQ Manufacturing faclility.
PRINCIPAL TECHNOLOGY

Variation of earth metallurgical process adapted to speece.

IMPACT SPECTRUM (TBD)

FRONT-END CAPITAL (¥8BD)
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30. HIGH-STRENGTH PEPMANENT MAGNETS

1.  GENERAL CLASSIFICATION
Manufacturing of small space products.

2, GENERAL OBJECTIVE
The manufacturing of special terrestrially immissible metals for

application to very high strength permanent magnets.

3. PRODUCT TO EARTH
New/unique alloys, e.g. AgMgAl or combinations of Fe, Al, Ni, Co, and

Cu... that when magnitized have high/long lasting properties.

4. KEY OBJECTIVES
To produce terrestrial imissible alloys via solidification (metallurgy)

methods in space.

5. PRINCIPAL CONTRIBUTION
Instrumentation industry, e.g., motors (long life) medical science, high

strength has favorable affect on healing wounds.

6. LEVEL OF CONTRIBUTION
Electronic/medical industry

7. UNIQUENESS OF CONTRIBUTION
Imissible alloys would be unique to earth.

8. TIME FACTOR
~ 1985 - 1990

9. PRINCIPAL INSTALLATION
NEO manufacturing facility

10.  PRINCIPAL FUNCTIONAL UNITS
Melt furnace.

1. PRINCIPAL TECHNOLOGY

Existing use in space.
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12. IMPACT SPECTRUM  (TBD)

13. FRONT-END CAPITAL (TBD)

ORIGINAL PAGE [&
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31, THIN-FILM ELECTRONXC DEVICES*
AND

CONTINUOUS RIBBON CRYSTAL GROWTH®

* See Space Station Systems Analysis Study (MDC G 6508), Part 1, Final
Report, Volume 3, Appendices, Book 1, Objective Data, McDonnel Douglas

Corporation, pages 5-30 through 5-35 (September 1, 1976)
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34. OIL SPILL DETECTION

GENERAL OBJECTIVE

0i1 spill detection. Ocean and fresh water pollution from tanker and
drilling platform catastrophes are easily detectable by existing means. 0il
spills caused by vessels clearing the bilge and similar overboard dumping is
virtually unnoticed, is common practice, and in the aggregate, is much greater
than the major events. What is needed is a system to detect and identify
these minor events so that corrective actions may be instituted and charged
to the offenders.

PRODUCT TO EARTH

Timely identification of location and magnitude of covert or accidental
contamination of navigable waters by oil, fuel, or other petroleum products.
Causing the offender to pay the costs of cleanup, or instituting procedures
and mgchanisms to prevent spills would achieve multiple benefits to people,
shellfish, water fowls, and commercial agencies that share the water resources.

KEY OBJECTIVE

011, ceing lighter than water, floats; recent investigations have shown
that oil has a distictive spectral signature, showing a peak reflectance at
about 4500 R, easily distinguished from the surrounding water. A single photo-
meter, at low altitude, detecting radiation in the band, would mark the time
this occurred, reporting to a ground control center (Fairbanks) every orbit
(polar). A number of small, short lifttime satellites, shuttle injected,

would be an inexpensive solution.
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PRINCIPAL CONTRIBUTION

Observation of extensive ocean and inland waters by sctellite is much
more cost-effective than aircraft or surface craft monitoring. The single
ground station would receive reports not more than 90 minutes after occurrence,
notifying the local authorities to take action.

LEVEL OF CONTRIBUTION

Near real time notification of offenses to local harbor, lake, river and
coastal water authorities, apprehending and charging of fenders for cleanup
costs. Benefit to all people who use these waters, as well as all marine life,
etc. Extension to high seas and other countries is inherent: this is a ser-
vice that may be sold or traded for other considerations.

UNIQUENESS OF CONTRIBUTION

No other affordable monitor system can detect the minor offenders and
police these waters.
TIME FACTOR )

Design and construction of 0il Spill monitor satallites (initial system
of 10 to 12) to be accomplished by Shuttle polar orbit operational capability.

PRINCIPAL INSTALLATION

Space only: small, battery-powered cold-gas stabilized satellites
o
containing a single photometer restrictecd te 45 A wave band. Limited
lifetime (one year), low-altjtude (approximately ]OO mile). Ground: single

ground control station to track satellites and collect reports (similar to

Satellite Control Facility for DOD satellites).
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PRINCIPAL FUNCTIONTAL UNITS

Approximately ten satellites injected by one Shuttle flight.
Ninety-minute, high inclination orbit; may be recovered and refurbished,
recharge batteries and gas system, by later Shuttle flights (about once per
year) .

PRINCIPAL TECHNOLOGIES

All needed technology exists.

IMPACT SPECTRUM

Technology: Deslign and build

Economy: Save millions of dollars by reducing ollsplll damage. Few
new jobs created, but existing enforcement practices greatly improved (pro-
ductivity); exportable servtce to other nations. Environmental: reduce one
significant cause of water pollution.
Social: |Improve the servivability of water life-forms; positive reaction by
envirpnment protectionists.
Political: No additional national !mpacts; internationally, che service can
be exported for goodwill, money or consideration.

CAPITAL TO I0C:

Space elements: about $50 M to design and build 10 to 12 satellites.

Ground element: About $25 M to install and $5 M per year to operate.

ORIGINAL PAGE IS
OF POOR QUALITY
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ALBIN D. KAZANOWSKI

35. ICEBERG TRACKING

1. General Objective

Icebergs constitute a significant threat to shipping in the North Atlantic.

The U. S. Coast Guard's International lce Pet, >l has the responsibility for
detecting and tracking icebergs, and notifying shipping. The icehergs are
currently lucated by Coast Guard personne! flylng C130's equipped with Side
Locking Airborne Radar (SLAR). A C130 can cover approximately 15,000 square
miles on each 8 hour mlssion. Approximately 150,000 square miles of ocean need
to be searched. This operation could be accomplished on a continuing real-

time basis by a microwave radiometer-equipped satelllite In a geosynchronous, orbit.

2. Product to Earth

Iceberg location data on approximately 1600 icebergs over 150,000 square

miles - provided to the Coast Guard's iceberg plotting and tracking computer.

3. Key Objectives

Search planes are often grounded by storms. It is during storms that the
iceberg move substantial distances, produce calves, and are are most difficult
for ships to locate by radar. The spacecraft would monitor their locations

continuously so as to enable their tracking.

4, Principal Contributions

Iceberg tracking by satellite would eliminate theneed for flying patrols
under hazardous conditions. While the computer will predict where the iceberg

is expected to be, the patrol planes need to verify that it indeed is there.
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4, Trincipal Contributions (coutinued)

If it isn't, search patrols nced to be flown to relocate the iceberg. With

continucus monitoring (or updates every 3 hours) icebergs would not be lost to

present a hazard to shipping.

5., Level of Contributions

One ship saved in 10 years that would otherwise bes lost could pay
for the system. The cost of the iceberg patrol is borne by 19 maritime nations

in proportion to the tonnage shipped through areas threatened by icebergs. The

cost of the surveillance function of the International Iceberg Patrol is estimated

to be $2.0M per year, or $20M over 10 years. While the cost of the satellite

. system would be greater than this, the service provided would be vastly supervior,

and less hazardous.

6. Uniqueness of Contribution

Continuous and accurate coverage, particularly during storms, could not be
4

readily provided by any other means.

7. Time Factor

Near Terms 1987 - 1990

8. Principal Installation

One satellite in geosynchronous orbit could provide continuous coverage
of the entire North Atlantic region. The location data would be transmitted

from the satellite to the computer installation on Governors Island.

ORIGINAL PAGE 15
OF POOR QUALITY
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9.

10.

1.

12.

Principal Functional Units

Constellation Size: | Spacecraft
Orbit: Geosynchronous Weight: 30,000 1b
Power: 500 watts
Size: 14 ft dia x 10 ft len

800 ft dia antenna (cloud-
penetrating frequency)

Principal Technologies (Al Love?)

Microwave radiometer resolution technology--space construction technology

Impact Spectrum

a.

e.

f.

Technical

Economic:

Environmental:

Socinl:

Political:

Scientific:

Front-End Capital

Acquisition Cost

Launch Cost

Annual Operating Cost

System requircs modest advance ¢ er current SOTA.
Technology could be used for other applications

such as geothermal mapping (Steve Cerri?)

Reimbursement protocol already exists. Increased
knowledge of ocean currents could aid in optimum

route planning.

Possibillty of oii pullution of fishing grounds reduced
Elimination of currently hazardous duty by Coast

Guard.

Increased international good-will.

Increased knowledge of ocean currents.

$SLOOM
100M

(incremental) 0

EIS
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36. COASTAL COLLISION AVOIDANCE RADAR

1. Genevral Objective

In certain coastal regions the density of shipping traffic is very
high and the danger of collisions substantial. 150 ships pass every day
through the Malacca Strait which varies in width from 10 to 40 miles. Con-
ventional radar is too expensive and interference prone. Two satellites
90° apart in geosynchronous orbit could illuminate potential collision
areas with scanning microwave beams from space, to enable ships to

obtain range and angle data An hazards.

2. Product to Earth

Microwave signals to enable detection of hazards.

3. Key Objectives

All objects greater than 100 square rmeters within 12 n.mi. range

would be detected within a 300 foot accuracy.

4. "Principal Contribution

Reduce collision hazards with associated loss of life, cargo, and oil

pollution of fishing areas.

5. Level of Contribution

Electronic navigational aids are being developed and installed in the
Malacca Straits. Experience with navigational aids in Calcutta harbor
reveals that $7000 navigational bouys are ruined by thieves who are after
50 cents worth of copper wire. The space system would be independent of
ground or sea-based navigational aids. Conceivably, one ship collision
could be avoided every year at an estimated saving of $50M to $200M per

year, Over the 10 year life, this would amount to $500M to $2B.
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6. Uniqueness of Coutrilutions

The system would give positive, all weather location of shipping in

the straits.

7, Time Factor
Need 1s now (1980-85) but system assembly technology and capability
will not be available according to currently scheduled activities until

1985-1995.

8, Principal Installations

A special radar would be located on board ships plying the straits,
Two satellites would be located in geosynchronous orbit, 90° apart. Each
would consist of a phased array sending a 100 kw pulsed signal in the

X-band. The area covered would be 200 x 200 n.mi.

9. Piincipal Functional Units

Ground: Special radar (3 ft x 0.5 ft antenna) on board ships
Space:
Constellation size: 2 (90° apart) Spacecraft: (Each)
Orbit: geosyunchronous Weight: 100,000 1bs
Size: 1000 ft x 1000 ft

Power: 150 kw

10. Principal Technologies

Further analysis of the basic concept, and on-orbit assembly and

transport capability of large space objects.

11. Impact Spectrum
a. Technical: Experience gained would be applicable to assembly

of larger space structures
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b. Economic: Need to devise plan for financial reimbrusement.

Need furthe- analysis of cost-benefits. Preserve

fishing economy along straits.
¢. Environmental: Substantial impact in reducing threatened
oill pollution of vital fishing grounds as

result of tanker collisions.

d. Social: Aid in the preservation of viable fishing-based life

style along straits.,

e. Political: Mutual international cooperation for self-interest

conducive to peace.

f. Scientific: Serendipitous discoveries likely.

12, Front End Capital

Ground: $20,000 per ship

Space:
Acquisition Cost: $1.0B
Transportation Cost: $300M

Annual Operating Cost: --

GE 15
RIGINAL PA
OF POOR QUALITY
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37. ICEBERG TOWING BY UNMANNED TUGS

1. GENERAL OBJECTIVE

To tow icebergs to warm areas that need fresh water.
2. PRODUCT TO EARTH

Cost effective supplies of fresh water using icebergs.
3. KEY OBJECTIVES

If the tugs could be unmanned but remotely controiled from space, they
could be considerably cheaper. Perhaps even wind power could be used along
with nuclear or fossil fuel power.

The astronauts aboard a space station would utilize powerful optical
telescopes and other sensors to search out large icebergs of the proper shape
and location (aspect ratio ~ 3 to 1 in northern Antarctic waters). Once the proper
candidate is located, tugs which use a combination of wind and fossil fuel power
would be attached to the iceberg. Once attached, the tugs would be unmanned
and would tow it to the desired location.

Powerful sensors and computers aboard the manned space station will be
usedto sail the tugs. Remo.e tuleoperator devices will drive the necessary
mecha.nisms and optimize route and use of engines versus sails. Since they
move so slowly, several sailbcats can be operated simultaneously by an astronaut
on a part-time basis.

4, PRINCIPAL CONTRIBUTIONS

To bring an abundance of fresh water and some electrical power to warm

climate sea-coast cities/areas. One example would be to make desertous areas

of the earth fertile and productive by supplying them with abundant

quantitles of water and power.
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One method for supplying electricity and fresh water to dry coastal areas
would be to tow large icebergs into the area from Antarctic waters. The tempera-
ture differential between the iceberg and the surrounding water provides the
electricity; the ice when it has m2lted provides the fresh water,

5. LEVEL OF CONTRIBUTION

Could be a multi-billion dollar enterprize.
6. UNIQUENESS OF CONTRIBUTION

TBD (How effective cculd a man in space be in optimizing the route,
sail vs. power, etc. of several icebergs in tow at one time; how cheap could
you build mammoth sail tugs if they did not have to be man-rated; and what are
the iceberg/tug interfaces --- i.e., how do you grab the thing?). Note: The
attachment and ultimate destination installation is a manned operation; only the
main trip is unmanned.

7. TIME FACTOR

Mid-1990's.

8. PRINCIPAL FUNCTIONAL UNITS

Space bSystem Characteristics

Weight = kg space station {shares many other duties)
Size = Small space station, 20-mm optical telescope; transponder

tracking system for each tug

Power

Orbit

Geosynchronous, or polar inclination, latitude location =

Constellation size = One space station (30 sail-powered tugs with

teleoperation capabilities)
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Ground Tugs - Basically a system of several tugs with the iceberg as

a part of the system. It may be necessary to use the iceberg itself as ballast
to counteract wind pressure on the sail. This is the key area --- can the sail/
diesel-powered tug system be very economical to build?
9. PRINCIPAL FUNCTIONAL UNITS
Space station, ocean tugs.
Towing interva! ~ 6 months
12 to 15 icebergs in tow at any given moment

Space telescope resolution = 20 meters (clear conditions)

Power production kWh per iceberg ( kW continuous)

]

Water production ____liters/iceberg ( liters per
day) ~ Chicago's consumption level

10. PRINCIPAL TECHNOLOGICAL AREAS

Quality optical systems (many other uses possible), unmanned sail-powered
tugs, remote teleoperation devices to capture and tow the iceberg, power genera-
tion systems utilizing the inherent temperature differential. Extremely cheap,
simple, reliable, wind-powered tugs would be key to the economics of the
system.
'L, IMPACT SPECIRUM

Danger of collisions in sea lanes with other ships. Little environmental
impact since the iceberg water is a very small part of the ocean. Virtually no
pollution., Potential of creating new cities with associated local fond production
where location for energy efficiency or other reasons is optimum.

12, FRONT-END CAPITAL

TBD
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38. GLOBAL SEARCH AND RESCUE

1.  GENFRAL OBJECTIVE

To locate small, lightweight emergency transmitters.
2. PRODUCT TO EARTH

Location of person or vehicle in distress for rescue
3. KEY OBJECTIVES

When an aircraft, ship, etc., Is down or lost, the search is costly,
time consuming, and often unsuccessful. This would show the location
quickly, accurately, and continuously.
k.,  PRINCIPAL CONTRIBUTIONS |

Principally lives saved. Sometimes equipment s;ved also.
5. LEVEL OF CONTRIBUTION

Small, not a major factor nor a large number of lives involved.
(However, very important to you if you are the one who is lost.)
6. . UNIQUENESS OF CONTRIBUTION

This depends on the user. Large ships and aircraft know location
continuously (or will with GPS) and could send out this information on
ordinary cmergenty chanels. Smzll vehicles usually have emergency
transmitters, but may not be able to accurately communicate their position.
7. TIME FACTOR

Mid 1980's. OF POOR QUALITY
8. PRINCIPAL INSTALLATIONS

A system of high altitude nav/comm satellites to allow the use of
small, inexpensive, lightweight emergency transmitters. The satellites

transpond the signals from the emargency transmitter and the location is
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computed by time difference of arrival on the ground site. The emergency
transmitters can be very tiny, weighing a pound or two and having a
continuous life for at leas: @ month self-containad. Each transmitter
would have stored a unique code out of a catalog of 100 or more codes
stored in the ground cross-correlation receivers. The transponders have

100 frequency-multiplexed channels.

e \Meight 2,000 1b

e Size 5 x7 ft

e Raw Power 500 W

e Orbit Near-Synchronous or Medium Altitude
e Constellation Size 20

e Life/Servicing Period 10/3 Years

3.  PRINCIPAL FUNCTIONAL UNITS

Space satellites, simiiar to a Comsat or GPS satellite, except with
larger antennas. The ground transmitters are small enough to be carried
by everyone venturing away from popular areas, such as hikers, pleasure
boats, or cars traveling between cities. A much more modest system for
use only by official vehicles or aircraft could use a single channel
transponder and time-share a few correlator receivers.
10. PRINCIPAL TECHNOLOGIES

Primarily a question of ecorvnics. How cheap and small can you make
the ground units?
11. IMPACT SPECTRUM

Not significant

ORIGINAL PAGE IS
12. FRONT-END CAPITAL (TBD) OF POOR QUALITY.
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39. BORDER SURVEILLANCE SYSTEM

H GENERAL OBJECTIVE

To detect overt or covert attempts at crossing a border, either a
political boundary or other border such as a large military installation,
western ranch, etc.

2. PRODUCT TO EARTH

Number and location of crossings.

3. KEY OBJECTIVES (Note that military objectives are not a part of
this study)

The differences in political systems, lifestyles, resources, etc.,
have made border violations, particularly between US and Mexico, a massive
and continuing problem. These crossings have major economic implications
(jobs, etc.) and also moral problems (drugs, etc.). The objective of this
System would be to make an illegal border crossing very difficult.

L. PRINCIPAL CONTRIBUTIONS

The major problem of unemployment in the US will be reduced and the
also major problem of drug addiction (and corresponding crime) will also
be reduced.

5. LEVEL OF CCNTRIBUTION

I11egal border crossings from Mexico into the United States are
curren.', / . The Los Angeles Police Department
estimates that over a million illegal Mexican aliens will be in Los Angeles
by 1981; of course, their children will be citizens. Without control, this
will most likely increase as the economic despairity between the ccuntries

widens and as US treatment of spanish minority groups improves. Our
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health, education, and welfare policies male entry into this country
duesistibly attractive according to the Los Angeles Timest The estimated
cost of the drug related crime in the United States is /year. A
large fraction of these drugs come from Mexico. The Los Angeles Police
Department studies indicate that almost 20 percent of crimes in Los Angeles
are committed by illegal aliens. A space system could reduce the illegal
personnel crossings by as much as 75 percent.
6. UNIQUENESS OF CONTRIBUTION

As USSR has demonstrated, this objective can be effectively achieved
without a space system. The space advantage, if any, would therefore be in
economies or social advantages.
7. TIME FACTOR

Needed ASAP. Reasonably available 10C by 1990.
8. PRINCIPAL INSTALLATIONS

The main segment is on the ground with approximately a million small
sensors that are read-out by a large antenna satellite at GSO.
9. PR!NCIPAL FUNCTIONAL UNITS

The ground are small (0.5 Kg) seismic sensors spaced approximately
30 feet apart to form an electronic gfence. 7The space vnit has the following

basic characteristics:

e \Meight 3,400 1b

e Size 5000 ft x 10 ft

# Raw Power 12 kw

e Orbit Synchronous Equator
o Constellation Size 1

*January 30, 1977.
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10.  PRINCIPAL TECHNOLOGIES
Large structures in orbit and extremely cheap, reliable sensors on the
ground. The economies of the ground units probably needs a breakthrough
in cost/performance.
11.  IMPACT SPECTRUM
The influx of illegal aliens into the United States from Mexico is a
major and increasing cause of unemployment and social problems. Also, the
hard drug problem is considered by some to be one of the most devastating
social/moral issues in the United States since its principal victum is a
young person, and its normal effect is to create a desparate criminal.
12. FRONT~END CAPITAL
Total system cost is in range of hundreds of millions, including

ground sensors. Operating costs should be low.
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MEMORANDUM

TO: Rockwell International, Space Division

SUBJECT: International lLaw and Space Industrialization

The present memorandum, * which is designed to explore the
impact of international space law upon the future industriali-
zation of outer space, is divided into four main segments.
First, the concept of space industrialization is outlined.
Second, existing international agreements affecting the utiliza-
tion and development of outer space are examined in terms of
their respective influences on various types of space indus-
trialization. Third, current negotiations relating to the
formulation of international guidelines for the use of outer
spage for particular purposes, including direct television
broadcasting, satellite remote sensing, and exploitation of
lTunar resources, are assessed both as a means of projecting
possible international legal regimes in those particular
areas, and for identifying trends which could affect other
types of space utilization. Finally, recommendations for
actions designed to facilitate space industrialization are dis-

cussed.

*The views and conclusions contained in this memorandum
are those of the author and do not necessarily reflect or
represent the views or policies, either expressed or implied,
of any organization, agency, Or group.
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PART I: THLE CONCEPT OF SPACE INDUSTRIALIZATION

For purposes of the present memorandum, the concept of
space industrialization is used in a broad sense to
encompass an extensive array of possible uses of outer space.

Five main categories of activities are encompassed.

A. Communications Services

The success of recent communications technology applications

1 and the prospects for resumption of

programs conducted by NASA
NASA communication satellite experimentation indicate that
technical and economic feasibility for a large number of innova-
tive communications services is likely to be achieved in the near
future. Among the communications activities which are projected
for near- or middle-term satellite implementation are:
1. teleconfercencing;
2. direct tclcevision broadcasting;
3. electronic mail;
4. electronic funds transfer;
5. improved data communications;
6. business and home communications systems incorporating
computers and small-scale receiving terminals;
7. improved mobile communications for personal and
vehicular use;
8. medical information services, including telediagnosis,
patient monitoring and access to medical records;
9, improved disaster warning services based c¢n enhanced

remote sensing and meteorological applications; and

10. search and rescue communications.
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Although not exhaustive, this listing indicates the scope of
future possibilities for the utilization of outer space, and

particularly the gcostationary orbit,2 for communications.

B. Remote Sensing Services

Public and private experimentation in the satellite remote
sensing area centering around NASA's Landsat Program has
demonstrated the feasibility of using satellites for the
acquisition of data relating to the earth and its environment.
The breadth of experimental activities has facilitated identi-
fication of an extensive listing of potential applications
and services.3 Set forth below is a listing of a number of
the general categories into which these applications may be
divided:

1. Mineral resources monitoring;

2. Ocean resources management, including living and

non-iiving resources;

3. Crop surveys, including insert and disease monitoring

and yield projections;

4, Land use management;

5. Population surveys;

6. Monitoring of pollution in the atmosphere, rivers and

strcams and occans;

7. Weather and climate forecasting; and

8. Non-meteorological disaster forecastinr.

s 15
ORIGIMAL PAGE
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C. Satellitc Power Systems

The 1973 embargo on the cxport of petroleum products to
certain oil-consuming countries imposed by members of the
Organization of Petroleum Exporting Countries (OPEC) and
subsequent events, including energy shortages, increasing
energy costs and their economic, social ard foreign policy
implications, have promoted the search for cost-effective,
alternative energy sources. One possibility is the establish-
ment of generating facilities in orbit which would relay
resultant energy to the earth's surface using a microwave or
laser transmission system. Three main alternative methods of
power generation are under consideration: solar energy,
nuclear fission and nuclear fusion. Relay of electrical
pewer gencratced either in spacec or on the earth's surface
via satellite to secondary rcceivers constitutes another

obtiOn for the industrialization of space.
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D. Space Manufacturing

A number of experiments relating to physical and chemical
properties of matter in outer space conducted during NASA's
Skylab program indicate that certain unique characteristics
of outer space, including weightless, vacuum and extreme
temperature differentials, may permit the manufacture of
products which either could not be produced on the earth or
would be of significantly inferior quality. A number of specific

benefits have been identified, including:

1. production of superior electronic products, especially
semiconductor crystals;

2. pure vaccines and other pharmacentical products;

3. improved laser glass and optics manufacturing;

4. producticn of alloys of metals which are otherwise
immiscible in their respective liquid states;

5. production of superconductors;

6. asscubly and maintenance of large space structures,

. . ) . 4
including space stations and vchicles.

E. Deep Space Opcravions

In contrast to the operations described above which would
be most likely to occur at altitudes above the carth between
100 and 22,300 miles, a number of activities rclating to the
development of outer space could be undertaken advantageously
beyond that limit. Perhaps most important of these is the

mining of mincrals on thc moon and other celestial bodies.
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PART II: APPLICABLE INTERNATIONAL AGREEMENTS

International space law applicable to the space industriali-
zation activities described in Part I is embodied in a series
of treaties and conventions adopted primarily under the auspices
of the United Nations. The fundamental Treaty on Principles
Governing the Activities of States in the Exploration and Use
ot Outer Space, including the Moon and Other Celestial Bodies1
resulted from initiatives within the United Nations and after
several years of negotiation was signed in 1967. In subse-
quent years, other treaties were negotiated to elaborate the
basic principles defined in the 1967 treaty. Perhaps most impor-
tant from the perspective of space industrialization is the Con-

vention on International Liability for Damage Caused by Space

Objects, which entered into force for the United States in 1973.°

I. - TREATY ON PRINCIPLES GOVERNING THE ACTIVITIES OF STATES
IN THE EXPLORATION AND USE OF OUTER SPACE, INCLUDING THE
MOON AND OTHER CELESTIAL BODIES

The 1967 Outer Space Treaty provides the foundation for
the legal framework for all activities beyond the upper limits
of national airspace jurisdiction. Consequently, its provisions
are relevant to the consideration of all four major categories of
space industrialization. Particular consideration should he
given to the provisions governing:

1. permissible uses of outer space (Articles I, IV and IX),
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. non-appropriation of outer space (Article II);

2
3. applicability of international law (Article IIIl);
4. military uses of outer space (Article IV);

5

. responsibility of states for the acts of nationals in
space (Article VI);

6. international liability for damage caused in space
(Article VII);

7. the exercise of national jurisdiction in outer space
(Article VIII); and

8. relations between states relating to their respective
space activities (Article IX).

A. Article 1

Article I, which establishes the most basic principles

governing activities in outer space, provides:

The exploration and use of outer space, including
the moon and other celestial bodies, shall be carried
out for the benefit and in the interests of all coun-
tries, irrespective of their degree of economic or scien-
tific development, and shall be the province of all man-
kind.

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

There shall be frecedom of scientific investigation
in outer space, including the moon and other celestial
brdies, and States shall facilitate and encovrage inter-
national co-operation in such investigation.

1. Article I(1): The "Common Interests" Clause

Paragraph 1 raises two main issues: first, whether this

provision constitutes a2 binding contractual obligation or is
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merely declaratory of general objectives, and second, regarding
the meaning of the phrase "for the benefit and in the interests
of all countries." Related to the former is the question whether
the provision is self-executing. Scme authorities argue that
although the so-called 'common interests" clause of Paragraph 1
embodies one of the most fundamental 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. Under that approach, pending agreement on
specific operative principles elaborating the fundamental policy
of Article I(1), any usec of outer space would be permitted under

Article I(2), provided it is pecaceful in naturc.]

A contrary conclusion is reached by a number of other
authorities who take the position that the language ot Article I(1)
is Binding upon the signatories, as is any provisicn of an in-
ternational treaty. Two main rcasons 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 Pecaceful Uses of OQuter Space (CPUOS), a
proposal to delete the phrasc "for the benefit and in the interests
of il countries" from Article I and place it in the preomble
was rejected.2 Similarly, the draft of Article I(1) was modified
when the words "irrespective of their degree of economic or
scientific development” were moved on the basis of a consensus

from initial position in the preamble to their present position
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following the "commen interests' clause, because the developing

countries advocated inclusicn of the latter phrase as jpart of
k4

the binding treaty commitment.” Thus, it may be inferred that the

drafters intended Article I(1) to be binding. Second, even if the

rrovision is considered non-self-executing and the effectiveness
of the limitation is thereby socmewhat diminished, its binding
character is not impaired and the legislative or executive acts
necessary to implement the binling provision are nonetheless
mandatory for all parties to the treaty.4
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
diminisn the value of space activities to other members.5
Others have taken the closely related position that the
phrase means that the use of space objects should not be detri-
mental to the interests of other countries, including national
secufity, public order and sovereignty over natural resources
which are protected under international law.6
The third pc.sible interpretation would impose on space
povers the obligation either to permit other countries to use
the former's space vehicles or to share tho financial benefits
of its space activities. Arguments supporting this position have
been raised in the discussions of the CPUOS Legal Sub-Committee
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relating to direct broadcast and earth resources satellites.7 To

date, that approach has received little direct internaticnal
support.8 Nonetheless, a similar approach relating to the
exploitation of resources in another area located beyond the
limits of national jurisdiction, the deep seabed, has received
substantial suvport during the present series of United Nations
Conferences on the Law of the Sea.9 Although a scheme for licens-
ing 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 {uture.

An analysis both of relevant arguments and of trends in the
interpretation of Article I(1) as it applies to the utilization
of outer space for industrial purposes 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 content of the "common interests"
clause is unclear and therefore requires further elaboration.

As a result, the clause may be considered non-self-executing for
purposes of space industrialization. Third, although the clause's
content is disputed at a minimum, it imposes a duty upon states

to use outer space in such a way that necither the earth-bound
interests of other states, including national security, or the
potential interests of the latter in the exploration or use of

outer space are jeopardized. Finally, although the upper
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limit of the '"common interests" requirement is unclear under exist-
ing space law, Article I(1) does not require space powers to

share either their space vehicles or the profits derived from

space activities with non-space powers.

The impact of Article I(1) upon space industrialization
depends on the precise nature of the activity contemplated.
Communications satellites utilize segments of the electromagnetic
spectrum and portions of the geostationary orbit. Although both
are potentially subject to overcrowding, unilateral use of
transmission frequencies or orbital slots would not violate
Article I(1), since transmitter and space shuttle technology and
the potential ability to remove inoperative satellites from orbit
emphasizes the character cf both the spectrum and thc geostationary
orbit as renewable resources-which are non-depletable in any
permanent sense. Most applications would not jeopardize any of
the'essentially terrestrial intercsts protected by Article I(1).
However, some nations have argued that the use of satellites for
the transmission of television programs directly to home or
community receivers could interfere with the internal political

10 Although some

or economic stability of "receiving states."
concern may be justified despite good faith efforts by all
participating parties, the question will be decided in the con-
text of a separate declaration relating to direct broadcast
satellites, rather than in the context of Article I(1).

The impact of '"common interests'" clause on satellite

remote sensing is likely to be somewhat similar to its effect on
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communications applications. Although some sensing satellites--
primarily those designed for earth resources applications--
operate in low earth orbit, others, including meteorological
satellites, are likely to occupy geostationary orbital slots.

As noted above, use of the geostationary orbit consistent with

———— sy o o7y 5 fonoAt o7 s i = 4

the applicable regulations of the International Telecommunication
Union (ITU) is not impeded by Article I1(1). However, some ,
questions have arisen regarding interference with the national

security and ecoromic interests of sensed states arising from

potential abuses of earth resources applications of remote sensing
technology. As a result, efforts to limit the use of earth

resources satellites or to place their use in the context of a

somewhat restrictive organizational structure have been initiated

11 Although reference has been to Article

in the United Nations.
I(1) in the debates, the result of these debates is likely to take c
the form of an international declaration of principles which
does not refer directly to the content of that provision.

If satellite power systems are implemented either experi-
mentally or operationally, four main questions are likely to
arise in the context of the '"common interests" clcuse. First,

since such systems are likely to occupy segments of the geostationary

orbit to facilitate either power production or transmission, and :

Lo

since the size of such satellites will require significantly
larger slots than are presently utilized by communications and

meteorological satellites, the question of orbital slot alloca-
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tion will undoubtedly arise. However, Article I(1) does not
present an obstacle. Second, as presently conceived, a satellite
power system would not affect adversely a state's sovereignty over
its natural resources, its political, social, cultural and econonic
self-determination or domestic order among its citizens. Conse-
quently, those interests would not inhibit establishment and
operation of a satellite power system. A third potential concern
could arise among energy-producing countries that the establish-
ment of such systems by energy-consuming countries could under-
mine the economies of the former. However, as suggested below
in Section I.C., international law does not protect countries
against either economic competition or economic pressure.

Finally, the laser or microwave transmission mechanisms
likely to be used by satellite power systems to convey power
generated in orbit to relay stations on the earth's surface may
be said to constitute potential weapons for use against the
earth's surface. If the weapons potential were realizable, the
system guu weapon would be contrary to the interests of non-
allied countries protected by Articles I(1) and IV. However, the
assumption of the present memorandum is that satellite power
systems will incorporate adequate safeguards to prevent their use
as weapons and hence would not violate the interests of other
states cmbodied in Article I(1).

Operation of manufacturing facilities in outer space would

not adversely affect any of the terrestrial interests of states
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with the possible exception of adverse economic influence result-
ing from the relative scarcity of products manufactured in outer
space and the accompanying high cost. As noted above, this fact
is insufficient in itself to present any restriction on space
operations. Since manufacturing facilities would not necessarily
require placement in geostationary orbit, interference with the
space-oriented interests of non-participating states in access

to particular areas of outer space is not likely to occur.
However, since those facilities are likely to generate various
forms of waste ranging from harmless gases to debris and nuclear
by-products, potential interference with the space activities

of other states, the provisions of Articles I(l) and IX probably
require the operation entities to take reasonable steps to

identify and avoid such potential interference.

In addition to the interpretation of the '"common interests"
clause an assessment of the impact of Article I(1) on the use of
outer space for industrial purposes raises a set of issues
centering around the argument that Article I(1) requires states
to use outer space 'for exclusively pcaceful purposes."12
Even assuming for the purposes of this analysis that the Ar-
ticle I(1) requirement that outer s,ace be used '"for the benefit
and in the interests of all countries' contains within it the
requirement that outer space be used "exclusively for peaceful
purposes,"13 the United States' position on the question signi-
ficantly diminishes the extent to which the latter requirement

could inhibit the industrialization of outer space. However,
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pressure from other governments could lead to general acceptance
of a more restrictive approach.

The main point of contention is the meaning of the term
"peaceful uses." Regardless of their respective positions on
the question of content, authorities agree that the main inter-
pretational alternatives are limited to two: 'peaceful uses'
can be defined either as "non-aggressive uses,'" leaving open the
possibility of the use of outer space for defensive military
purposes or as ''non-military uses," excluding both aggressive
and defensive activities.14

The possibility that Article I(1) implicitly incorporates
the '"peaceful use" requirement is based on the language of that
provision and on the context in which the treaty was drafteqd.

Applying the recquirement that space activities be conducted

“"for the benefit and in the interests of all countries' to the

question of military action in outer space, some authorities

conclude that the space activities can be conducted in the in-

terests of all countries only if they are '"peaceful'" in nature.15

In addition, it may be argued that since the term '"peaceful' is
ambiguous and subject to conflicting interpretations, especially
in the context of a general statcment of desirable purposes of
space initiatives, the drafters chose to substitutc the concept

w16

of use "in the interests of all countries. Finally, proponents

of the 'peaceful use" requirement maintain that since Article IV
and other provisions of the treaty did not completely prohibit

placement of weapons in outer space, the term '"peacecful uses' was

omitted from Article I to avoid ambiguit','.17
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The case for the opposite position is based on the formula-
tion of Article IV, which in Paragraph 2 expressly limits activi-
ties on the moon and other celestial bodies to exclusively
peaceful purposes, but in Paragraph 1 omits any such limitation.
Although some advocates of the 'peaceful use" interpretation of
Article I(1) cxplain thc omission as the result of imprecise

18 . . ) . .
the omission must bec considered intentional since an

drafting,
attempt to apply the phrase "exclusively for peaceful purposes"
to all areas of outer space was defeated.19 Since the Article IV
approach is expressly stated, and is supported by the "free use"
principle of Article I(2), it cannot be altered by inferences
based on less explicit language.

Similar arguments apply to the dispute regarding the defini-
tion of "peaccful uses." In support of the "non-military"
interprctaticn it is argued that military activity can never
be '"peaccful" and cven purely defensive weapons cannot be in the

20 On that basis, it is argued that

interests of all states.
adoption of Article I(1) embodying thec expression of one of the
most fundamental principles of space law operates to prohibit
even defensive weapons in outer space.z1
The opposite view is based on the contention that '"non-

aggressive'" uscs are permitted, first, by Article IV(1) which
prohibits the stationing of wcapons of mass destruction in outer
space but omits the express requirement of peaceful uses applied
by Article IV(2) to the celestial bodies, and second, by Article
III which requires states to conduct space activities in accor-

dance with international law, including the United Nations
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Charter. Neither prohibits defcnsive or non-aggressive military
activity. Support for this approach is also found in the prac-
tice of states. Both major space powers use outer space for
military communications and reconnaissance. Although these
activities are "military'" in nature, they arc ''non-aggressive."

Balancing of these arguments and the underlying policy

considerations leads to the conclusions:

1. that although Article I(1l) requires states to conduct
space activities '"for the benefit and in the interests
of all countries," it does not prohibit all military
activity in outer space; and

Z. that Articles I(1), 111 and IV combine to limit any
military activity in outer space to '"non-aggressive"
conduct.

These conclusions suggest that under present international space
law, stationing military installations and weapons systems in
orbit may be permissible if they are decfensive in nature and

do not contain nuclear weapons or other instruments of mass
destruction. Hence, the operator of a satellite power system

may be permitted to convey its produc:s to orbital or terrestrial
military installations which arec designcd for defensive purposes.
The need to distinguish defensive from offensive purposes may
present a problem for the system operating in this context.
Finally, if used exclusively in conjunction with defense-oriented
systems and installations, the system may be operated by military

personnel.
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In general, activities relating to space industrialization
are not in themselves either yggressive or defensive as those
terms are used in a military context and hence would not violate
the alleged requirement that outer space be used exclusively
for peaceful purposes. However, in some cases, non-space powers
may argue that direct telcvision broadcasting and satellite
remote sensing constitute '"aggressive' activities and should
therefore be restricted. In thc absence of other facts, however,
the current state of international law in this area would not
support these contentions.

Although not "aggressive'" on their face, space industriali-
zation activities may be deemecd aggressive because of the uses
made of the resulting products. The generations of electrical
power in orbit is illustrative for these purposes.

Satellite generated power could be put to three arguably
miiitary uses:

1. directly as a weapon used to attack terrestrial or

space targets for aggressive or defensive purposes;

2. to provide energy for the support of military installa-

tions and weapon systems in orbit or on earth; or

3. to reclieve civilian demand on terrestrial power

generation facilities to ensure an adequate supply

of energy to terrestrial military installations.
The first use constitutes the main subject matter of Section
III.D. of Part Il and is examined there in the context of Article
IV of the Outer Space Treaty. The connection of the third possible
use to military activities is too tenuous to support application
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of the prohibition of any military use of outer space inferred
by some authorities from the language of Article I(1). 1In
addition, a parallel approach could be used to prohibit national
exploitation of the minerals of the deep seabed for civilian
use, since that c.uld increase the supply of minerals available
to the nation as a whole and hence to its military organizations.
That result is, however, directly contrary to the express pro-
visions of the international legal regime of the high seas
which both reserves use of the deep seabed for exclusively
peaceful purposes and authorizes e«nloitation of seabed minerals
without reference to their possible use for military purposes.22
Thus, only the second possibility--that of direct use of
satellite gencrated power by military installations or weapons
systems--poses a potential problem under the alleged requirement
that outer space be used exclusively for peaceful purposes. If
some or all of the power is used by an orbital weapons system
which clearly is in violation, for example, of the Article IV(1)
prohibition on the stationing of weapons of mass destruction in
orbit or by a military installation located on a celestial body
in violation of Article IV(2), the use of outer space for genera-
ting power would be unlawful to the extent that its power products
ar< consumed by the prohibited system installation. The result
is less clear when the power products are consumed by a military
installation or weapons system which is either legally in orbit
or is located on the earth. If power generated by a satellite
is utilized by a military installation or weapons system which

23

is legally in orbit, the use of outer space for the power

generation activity would be permissible under the "free use"
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principle of Article I(2). The legality of the stationing of the
installation or weapons system in question must be determined

by reference, first, to the specific prohibitions of Article 1V,
and second, to the debate regarding the content of tl : alleged
"peaceful use" requirement.

As set forth in greater detail in Scction I.D. below,
Article IV specifically prohibits a series of three activities
in outer space:

1. the stationing of nuclear weapons or other weapons of
mass destruction in orbit around the earth or elsewhere
in outer space;

2. the stationing of such weapons on the moon and other
cclestial bodies;

3. the use of the moon and other cclestial bodies for any
except exclusively peaceful purposes; as a result, the
establishment of military bases, installations and
fortifications, the testing of weapons of any kind and
the conduct of military mancuvers in those areas is
forbidden.

As suggested above, some authorities argue that the Article I(1)
requirement that outer spacc be used "for the benefit and in the
interests of all countries" includes a requircment that space be
used cxclusively for pcaceful purposes. If that argument can

be sustained, the activities of states in outer space would be
further limited. The extent of the limitation would depend on
whether all military activities or only agyressive sctivities

would be prohibited.
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2. Artilcele T(2): The "Free Use! Prineiple

The second paragraph of Article I contains two main pro-
visions which are likely to influence the industricl.zation of
space. The most important, the '"freec use'" principle, provides
that "outer space, including the moon and other celestial bodies,
shall be frce for cxploration and usc by all States . . N
This "free use" principle provides the international legal
basis for all activity in outer space. In contrast to the
restrictions imposed by other scctions of the Outer Space Treaty,
Article I(2) afiirmatively authorizes space activities, and
hence serves as the point of departurc for any argument in
favor of a particular use of outer space. For that reason
Article I(2} has played an important role in the protection ¢’
space initiatives against unnccessary restrictions.

Thus, although the '"{ree use" principle is one of the
key provisions of the Outer Space Treaty, and i- 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.

As suggested above, Article I(2) must be read in the
context of the '"common interests" clause of Article I(1)
with the result that thc advantages to be derived from rapid
development of outer space must be balanced against the require-
ment that the development be carried out in a manner beneficial
to all members of the international community. 1In that combina-

tion, the '"free use" clause creates a tendency to limit the
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potential inhibiting effect of a restrictive construction of
Article I(1). As sppliecd to the industrializaticn of outer
space, the "free use" principle has provided the conceptual
basis for resisting arguments that activity in outer space is
unlawful in the absence of clcar and convincing evidence that
it is being conducted for the benefit and in the interest of
all countries in accordance with Article I(l).24 Consequently,
Article I(2) tends to shift construction «* Article I(1) toward
the minimal duty to avoid conducting space activities in a
manner detrimental to the interests of non-participating states
as described above. In addition, the '"free use'" principle is
subiect to the prohibitions both of Article II relating to
non-appropriation and of Article IV dealing with the scationing
of nuclear weapons in outer space. To the extent that space
industrial activities are likely to contaminate either outer
space or earth, the "free use" principle is alsc limited by
Article XX.ZS

B. Article II: Non-Appropriation in Outer Space

The second major limit on the '"free use" principle is

embodied in Article II, which provides:
Outer space, including the moon anq ot@er

celestial bodies, is not subject to nationai appro-

priaticn by claim of sovereignty, by means of use

or occupation, or by any other means.
The non-appropriation principie is likely to affect the activitiecs
associatad with space industrialization which involve either
consumption of space 1e¢sources or utilization of the geostationary
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orbit. The language of Article II raises three main issues
with respect to industrial development in space:
1. the subject matter to which the prohibition applies;
2. the meaning of the term "appvropriation'; and
3. the validity of "appropriation" by entities other
than national governments.26
The listing of spuace industrial activities set forth
in Part I contains two types of resource utilization. First,
satellite power systems arguably "appropriate" = lar energy.

However, with respect to solar energy the Article II prohibition

clearly does not apply. Onec of the primary purposes of

Acticle II is to implement the '"free use" policy of Article I(2).

Article II must therefore be construed to promote rather than
inhibit the expl.vation and use of outer space. Nearly all
satellites presently in service or planned for the near future
will dcpend on conversion of the sun's energy to electrical
power for use in the operation of their respective payloads.
Large-scale use of alternative energy sources by satellites
has proven impractical. As a result, application of the
Article II prohibition to the use of the sun's energy would
sharply limit the scale, duration, and hence, the economic
viability of space development projects. Further, in the
absence of speccial circumstances, enforcement of Article II
against the '"appropriation" of essentially inexhaustible space

resources wouid serve little purpose,28 and should be avoided
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ir favor of the '"free use" principle. Since the same policy
considerations apply to conversion of solar energy for use

on earth as well as Tor use by satellites in o-bit, Article II
probably does not limit the use of solar energy by satellite
power systems.

Second, cxtraction of mineral ores and other substances
from the moon or other celestial bodies, which may eventually
constitute one of thec most significant commercial space activities,
arguably constitute '"appropriation" in violation of Article II.
As noted below,29 both the United States and the Soviet Union
have taken the position that although Article II prevents a
country fron exercising sovereign control over portions of
the moon, it does not interfere with exercise of proprietary
rights over natural resources after they have been separated
from the moon's surface or subsurface. Illowever, the inter-
pretation of Article II is a ccntral issue in the negotiaticns
relating to the draft moon treaty before the CPUOS Legal Sub-
Committee. Final resolution of the dispute which has delayed
conclus-on of the moon trecaty will also depend on establishment
on the question of potential rights of each member of the
international community to exhaustible lunar resources.

The sccond catego.y of space industrial activities which
could be significantly affected by Article II require utilizaticn
of the geostati.nary orbit. In theory, earth resources and
communications satellites, and satellite power systems could

be said to "appropriate" segments of the geostationary orbit.
pprop g
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The use of a particular orbital slot is undoubtedly subject
to the terms of Article II, especially in light of its function
of providing support to the "frece use'" principle. The question
is most pressing for orbital power gencration, and the analysis
below applics a fortiori to other satellites in geostationary
orbit. Because of the projected dimensions of a solar power
satellite,30 the size of the orbital slot required for safe
operation is substantially greater than that required for
existing communications or metcorological satellites. In
addition, stress factors resulting from the necessary length
of support beams suggest the need for safety zones similar in
concept to those established for installations engaged in
exploitation of the resources of submarine areas.31 Although
the Article II prohibition clearly applies to the appropriation
of a particular orbital slot, the detcrmination of the validity
of élacing a solar power satellite in geostationary orbit is
dependent on the meaning of the term "appropriation'" as usead
in Article 1I.

Analysis of the concept of '"appropriation'" suggests the
existence of two subsidiary elcments: ORIGINAL PAGE IS

1. exclusive use; and OF POOR QUALITY
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2. relatively permanent use, including consumption.
It has been argued that since usc of a particular orbital slot
by a geostationary 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
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Article II.53

Other authorities conclude that national use of
particular scgments of the orbital arc deprives other states of
the opportunity to use the same area and therefore constitutes

s appropriation through occupation.34 The key issue is the
permanence of the use. Evaluation of the economic viability
of a satellite power system is based on the assumption that

the system would operate for up to thirty years.ss

Although
that period is extended, it does not indicate the permanence
necessary to invoke the prohibitions of Article II. However,
longer periods could exceed the limit and come within the
purview of Article II.

The third issue raiscd by the Article II prohibition focuses
on the identity of the system operator. Article II appears to
prohibit only national appropriation, suggesting that even
permanent use of an orbital slot by international organizations
or commercial entities would not necessarily constitute a viola-
tion of that provision.36 Consequently, a commercial consortium
would not be prohibited under Article II from maint "‘ning a
solar power, earth resources or communications sate. te in a
particular orbital slot for an indefinite period. Similarly,
subject to establishment of a clear distinction from other types
of organizations, an "international' organization would not be
prohibited either from operating a similar system or allocating
orbital slots among its members. For that reason, the activities
of the International Telecommunication Union described below

in Section III relating to the maragement of the geostationary

orbit do not violate Article II.
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Three potential limitations on these conclusions should be
noted. First, the interpretation set forth above would not
permit commercial or international organizations from claiming
exclusive rights to a particular area of outer space in the
absence of actual use. Thus, if such an organization had
maintained a satellite in a specific orbital slot for a sub-
stantial period of time and the satellite's station-keeping
systems cubscquently failed, the organization would not be
entitled to prevent any other entity from occupying that slot
pending orbiting a replacement satellite by the original
occupant. Second, if an entity were established which although
commercial in form was essentially under the control of the
government of the country in which it is organized, permanent
use would constitute national, as distinguished from non-national,

37 Third, dispute has arisen regarding the

appropriation.
minimum standard of universality which would determine whether
an international organization would be implicitly exempted
from the rule of non-appropriation. Professor Jenks has argued
that only the United Nations as a representative of the whole
international community should be exempt.38 Presumably any inter-
governmental 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.39
Thus, the Article II prohibition against the appropriation

of oute space applies to exclusive use of a segment of the

geostationary orbit. However, the prohibition does not apply
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to the activities of either non-governmental cntities or
relatively comprehensive international organizations. The
implications of the non-appropriation provision for space
industrial activities are further limited by the conclusion

that since the use contemplated is not permanent, exclusive use
for a limited period of time would not constitute "appropriation"
as that term is used in Article II. Hence, regardless of the
operating entity's institutional structure, it can expect to
conduct industrial activities in geostationary orbit without

concern that its action violates Article II.

C. Article III

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 pcace and security and
prumoting international co-operation and understanding.

As suggested in Subsections A and B above, Article III, through
its refercnce to the United Nations Charter, affects industrial
development of outer space, first, because it prohibits the
aggressive use of military force, and second, because it does

not prohibit the use of ecconomic leverage for political

purposes. In both cases, thc key is Article 2(4) of the

United Nations Charter which provides:
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All Members [of the United Nations] shall refrair

in their international relations from the threat

or usc of force against the territorial integrity

or political independence of any state, or in any

manner inconsistent with the purposes of the United

Nations.
Interpretation of this provision in light of the remainder
of the Charter suggests that the use of armed force is prohibited,
except under certain specified circumstances when the use of
force in self-defense is authorized.40 Conscquently, under
Article III use of outer space for defensive purposes is not
prohibited. That conclusion is strengthened by the language of
Article IV as described below in Section I.D.

In connection with the analysis of Article I(1) in
Section I.A. above, it was suggested that international law
would not prohibit the operator of a space industrial facility
from engaging in economic competition with other countries
which produce similar products or from using the availability
of the products of those facilities to exert economic pressure
on consuming countries as a means of political persuasion.
Construction of Article 2(4) of the Charter limiting its
prohibition to the use of armed force is a significant part of
the conceptual underpinnings of that proposition. The conclu-
sion that economic leverage is not prohibited under Article 2(4)
is supported by significant authority.41 In addition, that
conclusion is consistent with prevailing general international
law.42 As a result, the system operator nced not be concerned

that any means of selecting or limiting consumers of the system's

products contravenes existing international law.
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D. Article IV

Some of the applications listed in Part I could be converted
to military purposes. Article‘IV of the Outer Space Treaty,
which limits these possibilities; provides in part:

States Parties to the Treaty undertake not to

place in orbit around the earth any objects carrying

nuclear weapons or any other kinds of weapons of

mass destruction, install such weapons on celestial

bodies, or station such weapons in outer space in

any other manner.

The language of Article IV raises two main issues:

1. the implications for industrial development of outer
space of the Article IV prohibition against the
stationing of weapons of mass destruction in orbit;
and

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

In Section I.A.2. above, analysis of Article IV in the
context of the concept of the exclusive use of outer space for
peaceful purposes suggested, among others, the conclusion
that Articles I(1) and IV(1) implicitly authorize the esta-
blishment of military installations and weapons systems
in outer space -- but not on the celestial bodies -- which are
exclusively defensive in nature, provided they do not contain
nuclear weapons ur other weapons of mass destruction. Of the

activities described in Part I, only satellite power systems

and their microwave or laser transmission beams appear likely
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to be adaptable for dircct usc as weapons. The possibility

that the products of industrial facilities in outer space

could be used for military purposes is discussed in Section I.A.2.
above.

Because of the nature of the transmission beam, the argu-
ment may be made that the establishment of a satellite power
system potentially constitutes the stationing of a weapon of
mass destruction in outer spac2 in violation of Article IV.
The sysfem operator can make at least three responses. First,
the system is designed not as a weapon but as a utilitarian
device for the efficient use of solar resources. Any of the
present designs incorporates a series of safety devices to
terminate transmission of power when the transmission beam

43 Although the

moves outside the intended reception area.
selection of a laser transmission beam could constitute a
séfety hazard, the tendency among designers is toward the use
of a microwave beam which is considered less dangerous.44
Nonetheless, the potential harm from a microwave beam should

45 Second, in geostationary orbit the

not be underestimated.
satellite's configuration and location would limit its use as

a weapon. Third, the system is not likely to be operated by
military or national security entities and is therefore less
susceptible to use as a weapon. Thus, although use of a satel-
lite power system as a weapon is clearly prohibited under

Article I.V. (1), the probability of such use as well as the

value thereof is rather small.
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Application of Article IV to the establishment of military
installations in space to protect space industrial facilities
is somewhat more complex. Once established, space industrial
facilities, especially those in geostationary orbit, would
present a desirable target for military or terrorist action,
The large size of power generation and manufacturing structures
would increase the margin of error for targeting purposes and
therefore decrease the level of military sophistication
required to ensure reasonable probability of a successful
attack. In addition, the potential importance of industy 4l
facilities to a nation's economic, political and military
potential suggests that destruction of the system would be
assigned a high priority in time of military or political
conflict. Finally, because an attack on the system could
create significant social and political impact without
jeopardizing human life, the system would represent a desirable
target for symbclic actions.

In thecory, Article VII of the Outer Space Treaty and the
procedure established in the Convention on International
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 procedures established by
treaty are not likely to be effective, especially in cases of

deliberate destruction. First, extensive delays must be
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anticipated prior to resumption of service, with obvious
consequences for the launching state's economic stability.
Seccd, since diplomatic claims settlement procedures are
involved, full recovery of damages specified in Article XII
of the Convention in Liability is not likely, first, because
damage claims are oftea discounted, and second, because few
countries have the e¢conomic capacity to repay the cost of
establishing a space installation. Third, a successful attack
could create potential hazards from debris in space and, in
the case of satellite power systems, from transmission beam
spillover on the earth's surface.

In 1light of the foregoing considerations, some means of
military protcction is considered desirable. Terrestrial
weapons systems are likely to be limited in their ability to
defend space installations against attack either from outer
space or from the ecarth. Hence, some form of delensive weapons
system stationed in space in a position to protect the satellite
power system appears necessary.

In Section I.A.2., an analysis of Articles 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 is not prohibited if

it is defensive or non-aggressive in nature.
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The same principles apply to the establishment of a wecapons
system in space for the protection of the space segment of
space industrial facilities. 1n principle, Articles I(1),

II1 and IV do not prohibit the establishment of such a weapons
system provided it does not incorporate weapons of mass
destruction or require the use of installations on the moon

or other celestial bodies.

Some difficulty could arise, however, if a protective
system were incorporated 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 decfensive purposes. Although it could be argued that
the exigencies of national security and modern warfare
require ¢ ich flexibility, the dual purpose approach would
undermine the rationale for omitting defensive weapons systems
ffom the prohibitions of Article IV. As a recsult, such systems
may be considered unlawful %o the extent that they are capable
of inflicting mass destruction.

E. Article vi%0

Article VI, which establishes the foundations for inter-
national responsibility for activities in outer space provides:

States Partics to the Treaty shall bear inter-
national responsibility for national activities in
outer space, including the moon aind other celestial
bodies, whether such activities are carried on bv
governmental agencies or by non-governmental cntities,
and for assuring that national activitics are carried
out in conformity with the provisions set forth in
the present Treaty. The activities of non-governmental
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entities in outer space, including the moon and other

ce1e§t1§1 bodies, shall require authorization and

continuing supervision by the State concerned. When

activities are carried on in outer space, including

the moon and other celestial bodies, by an international

organization, responsibility for 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, cach state which is a party to the treaty is charged with
the obligation, first, to cnsure that the activities of its
nationals ccmply with the provisions of the treaty, and second,
to accept responsibility for those activities which contravene
applicable provisions. In this manner, states are unable to
avoid the duty of compliance through the use of institutional
configurations which do not involve elements of the naticnal
government.47 Consequently, the responsibility of each state's
government is not affected by the juridical character of the
entity actually opcrating th¢ satellite power system.

A state's duty to supervise the activities of its nationals
for practical purposes prohvably prohibits unregulated,
private undertakings.48 Article VIII of the Outer Space Treaty
reinforces the obligaiion by requiring the state under whose
registry an object is launched intu outer space to retain control
and jurisdiction. In light of the potentially hazardous
character of mony activities related to industrial development
in outer space, cspecially satellite power generation, the policy

considerations underlying Article VI suggest the need for

relatively strict supervision.49 The provisions of Article VII
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and the Convention on International Liability for Damage Caused
by Space Objects,50 which impose liability on the launching
state for damage resulting from space activity, are likely to
give rise to practical and foreign policy considerations which
Create pressure upon national governments to exercise the
supervision necessary to cnsure protection against the potential
hazards of orbital power generation.

Although governments are rcquired .0 ensure compliance of
their respnective nationals with appropriate provisions of the
treaty, Article VI does not have the effect of subjecting
non-governmental entities to provisicns which would otherwise
not apply to them. Tor example, as suggested above in
Section II.A., Article II doecs not apply either to private
sector entities or to international organizations. Although
terms of Article V1 require states parties to the treaty to
ensure compliance of their nationals with its provisions,
Article VI dces not extend the prohibition against appropriation

to entities which are not covered by the terms of Article II.

F. Article VII

Article VII, which embodies the fundamental principles
governing liability for danger arising from space activities,
provides:

Each State Party to the Treaty that launches or
procures the launching of an object into outer space,
including the moon, aad other celestial bodies, and
each State Party from whose territory or faciliiy anr
obje -t is launched, is internetionally liable for
damage to another State Party (o the Treaty or to 1its
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natural or juridical persons by such object or its
component parts on the Earth, in air space or in outer
space, including the moon and other celestial bodies.
Because of the wide range of potential environmental and other
hazards which could be created by establishment and operation
of space industrial facilities, the question of liability is
particularly significant. Potential injuries include:
1. Damage to body tissue of humans and wildlife exposed
to nuclear and electromagnetic radiation;
2. Radio frequency interference; ﬁ
3. Interference with electronic instrumentation, especially
devices associated with medical, navigation, and
explosives detonation activities; and
4. Environmental modification, including weather and
climate alteration, resulting from increased heat
genevation and interaction of the transmissjon beam
and launch vehicle exhausts with the ":pper atmosphere
ard ionosphere.51
If injury results from the operation of a satellite power system,
the injured party is entitled to redress under Article VII.
Under its terms, the state which procured the launch of the
veliicle causing the injury and the state which launched the
space object are internationally liable to the entity actually
injure!, or to its national government. The 'anguage of
Article VII raises two main issues:
1. the meaning of the word '"damage'; and

2. the meaning of the phrase "internationally liable."
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Although the terms of Article VII provide no guidance on these
issues, the broad principles of Article VII were implemented

in the Convention on International Liability for Damage Caused
by Space Objects. Since Article VII raises no issues which are
distinguishable from those raised by application of the
Liability Convention to space industrialization, discussion

of the Article VII principles is incorporated in Section II

of this Part, which examines the Liability Convention.

G. Article VIII

Article VIII of the Outer 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 is carried shall
retain jurisdictior and control over such object,
and over any perscnnel therefor, while in outer space
or on a celestial body. Ownership of objects launched
into outer space, including objects landed or constructed
ocn 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 rcturn to the Earth.
Sucn objects or component parts found beyond the limits
of the State Party to the Treaty on whosc registry
they are carried shall bc returned to that State,
whicn shall, upor request, furnish identifying data
prior to their return.

The first scntence assists implementation of the provisions

of Articles VI and VII relating to international responsibility
and liability for activities in outer space, particularly

over nationals operating in non-governmental capacities.
Although the nature and scope of national control is likely

to vary from country to country, possibly g.ving rise to a

"flag of convenience'" practice in outer space, Article VIII is
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likely to introduce or incrcasc regulatory limitations on
industrial development in outer space. Consequently, entities
which are interested in participating in the development of
outer space should articipate that current developments in
regulatory concerc¢s and practices are likely to serve as
precedents for re¢ ulation of space activities. Hence, those
entities should consider whether regulatory developments in
relevant areas, both substantive and gcographic, should be
monitored for purposes of identifying .rends and formulating
plans for participating in the evolution of regulatory structures.
The second sentence is considered extremely important
to institution of operational industrial services in outer
spa:e. 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
structurcs. As suggested below in Section IV, the capital
investment neccessary to develop, establish and operate a
satellite vower system would be deterred or completely prevented

if rights of ownership arc not protected.
ll. Article IX

Article IX, the final provision of the Outer Space Treaty
which is likely to affect the industrialization of outer space,

provides:
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In the exploration and use of outer space,
including the moon and othcr celestial bodies, States
Parties to the Treaty shall be guided by the principle
of co-operation and mutual assistance and shall
conduct all their activities in outer space, including
the moon and other celestial bodies, with due regard
to the corresponding interests of all other States
Parties to the Treaty. States Partics to the Treaty
shall pursue studies of outer space, including the
moon and other celestial bodies, and conduct explora-
tion of them so as to avoid their harmful contamina-
tion and also adverse changes in the environment of
the Earth resulting from the introduction of extra-
terrestrial matter and, where necessary, shall adopt
appropriate measures for this purpose. 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 cither celestial
bodies, would cause potentially harmful interference
with activities of other States Parties in the peaceful
cxploration and use of outer space, including the
moon and other celestial bodies, it shall undertake
appropriate international consultations before pro-
ceceding with any such activity or experiment. A
Statc Party to the Treaty which has reason to believe
that an activity or ecxperiment planned by another
State Party in outer space, including the moon
and other celestial bodics, would cause potentially
harmful interference with activities in the peaceful
exploration and use of outer space, including the
moon and other celestial bodies, may rcquest consulta-
tion concerning the activity or cxperiment.

Like Article I1, Article IX operates as a limit on the
"free use" principle of Article I(2). The key provision
contained in the first sentence of Article IX requires ctates
to "conduct all their activitics in outer space . . . ., with
duc regard to the corresponding interests of all other States
Parties to the Trcaty.sz The remaining threc sentences
implement the '"due regard" roquiremcnt.53

The limitation contained in the first sentence is particu-

larly relevant to the usc of the geostationary orbit, whese
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the problem of conflicting uses is complicated, first, by
potential interference among satellites which are located in
proximity to one another. and second, by disputes between
countries which intend to use a particular orbital slot in the
present or the near future and countries which plan to use the
same¢ slot in the more distant future and which are therefore
co..cerned about preserving their future interests. In an effort
to promote resolution of these potential conflicts, Article IX
provides the basis for consultation amung the concerned parties.54
The general policies of Article IX are applied to the utilization
of the gcostationary orbit by the International Telecommunication
Convention and the Radio Regulations periodically revised by
ITU conferences.

The second sentence, which requires states parties to
the treaty to conduct activities in outer space so as to
avoid both harmful contamination of outer space and adverse
changes in the ecarth's cnvironment resulting from the intro-
duction of extraterrestrial matter, could 1limit operation
of space industrial facilities, if liberally construed. On its
face, the second sentence is limited to environmental hazards
potentially crecated by extraterrestrial matter brought within
the earth's biosphere. Although the distinction between matter
and energy is not yet precisely defined for these purposes,
the passage of the satellite power system transmission beam,
for example, through the earth's atmcsphere appears to fall

outside the scope of the second sentence.
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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
eaith's environment. The first sentence implicitly inccurporates
at least conceptually the requirement of Article I(1) that outer
space be used "for the benefit and in the interest of all
countrics."55 To the extent the two provisions are coextensive,
the first sentence would require space powers to conduct their
space activities in a manner which does not prejudice the
"corresponding" interests of non-participants. 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

56 Conscauently,

"common interests' clause of Article I(1).
Article IX requires that considcration be given to the elimina-
tion of the adverse cffects listed above,57 ¢specially to the
extent they effect 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 undecrtaking
the activity has reason to belicve that activities planned
by its nationals are likely to cause harmful interference with
the activitics of other states parties to the treaty, it is
obligated to "undertake appropriate international consultations"

with the affected states pricr to implementation of its plans.

Similarly, if one party has reason to believe that the activities

‘ VR
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of another party would cause potentially harmful interference
with activities relating to the exploration and use of outer
space, the former may request such consultations, even if its

>8 The consulta-

own activities would not be adversely affected.
tion provisions raise three key issues:

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

2. what constitutes harmful interference?

3. what are the characteristics of "appropriate interna-
tional consultations?

Under the language of the third sentence of Article IX,

the obligation of a state planning to enga,e 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 lzunching 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 wi: out consultation.59 The scope of
this discretion may be lim.ted, however, by communications from
states whose space activities would be adversely affected or from
third states to the launching states informing the latter of
potential interference and requesting consultations as provided

in the fourth sentence of Article IX.
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Article IX does not provide a ciear standard for determining
when the activities of one state ''could cause potentially
harmful interference" with the activities of another. The
language of the third se tence suggests that only interferences
with the space activities, as distinguished from the earth-
bound activities, of another state are relevant; however, since
a large proportion of space activity necessarily involves
support activities on the earth's surface, interference with
those also gives rise to the consultative obligation of

60

Article IX. Further, interference can only occur with respect

to activities which constitute ''peaceful uses of outer space.61
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 consul-
tations" are left undefined. From the context, the term
"consultation" refers to the joint examination -- including
the exchange of relevant infoimation -- of the proposed
activities and the probable consequences for each corsulting
party's interests.62 Since the term "consultation" was
selected by the drafters of Article IX, the parties are obliged
only to make a good faith cffort to conduct the joint examination
with a view to reaching satisfactory resolution of conflicts
ariong the consulting states, However, Article IX imposes no

obligation to achieve reconciliz.tion.63 Although the form or
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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 "interna-
tional," the duty to consult is primarily bilateral in nature
although consultation under the auspices of an intergovernmental
organization is not precluded.64 The suggestion that Article IX
consultation must include all parties to the Outer Space Treaty
cannot be supported.65

Thus, Article IX would require operators of space indus-
trial facilities to conduct their activities with due regard
at least to the space activities of other states. Although
that rcquirement is likely to affect most directly the use of
tne geostationary orbit, it imposes a duty to remain alert to
the possibility of adversely affecting the spacec interests of
other states. In thosc cases where adverse consequences are
likely, the operator is requircd to consult in good faith with
the affected partics, with a view to the elimination of those
consequences. llowever, the Article IX duty to cnter into
appropriate consultations does not impose an obligation to
accept unnecessary restrictions on the operation of industrial
focisities in space. Nonetheless, participation in such
consultations by thc government of the statec whose nationals
are conducting the space opecrations in question mus:¢ be antici-
pated. Sucn participation is likely to limit the flexibility
of space industrialists in their consultations, by applying

pressure based on national foreign policy interests.
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I1. CONVENTION ON INTERNATIONAL LIABILITY FOR DAMAGE CAUSED
BY SPACE OBJECTS

Article VII of the 1967 Outer Space Treaty established
a basis for the imposition of liability for damage or injury
caused by a space object. However, due to the general nature
of its provisions, Article VII did not create specific principles
directly applicable to damage actually resulting from space
activity. In an cffort to formulate appropriate principles,
the Committee on the Peaccful Uses of Outer Space (CPUOS)
stepped up its consideration of questions of liability. As a
result, a draft convention was submitted to the General
Assembly and adopted on November 29, 19/1, in Resolution
2777 (XXVI).l The convention cntered into force for the United

States on October 9, 1973.2

In its present form, the convention
contains six main sections:
1. Articles I-V1I cstablish the fundamental principles
of liability and scope of coverage;
2. Articles VIII-XX set forth guidelines for presentation
and prosecution of claims;
3. Article XXI provides for special assistance in the
case of damage on a massive scale;
4. Article XXII generally applies the rules of liability
to international intergovernmental organizations;

5. Article XXIIT limits the convention's impact on other

international agreements; and
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6. Articles XXIV-XXVIII establish the procedures for
signature, amendment and entry into force of the

Convention.

A. Articles I-VII

Article I contributes to the delimitation of the scope
of the convention, through its definitions of '"damage' and
"launching state.'" Article I(a) defines ''damage' to mean
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 intergovernmental organizations
Although undoubtedly covering damage directly resulting from
launch or operation of a space object, that language leaves
open the question whether the definition covers consequential or
non-physical damage.3 Since many of the potential damage categories

associated with space industrialization®

are either consequen-
tial or non-physical in nature, the ambiguity is significant
for entities potentially involved in space activities. A
survey of relevant authority suggests that the range of damage
categories intended to be covered is relatively broad.>
Consequently, impairment of mental and social well-being are
likely to be covered.® Loss of consortium, other fnrms of
"moral" damage, as well as forms of non-physical damage,
including electronic interference are probably not covered.7

The second element of Article I which contributes to the

definition of the convention's scope is Paragraph (c) which

defines the term "launching State'" to mean:
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(i) A State which launches or procures the
launching of a space object:

(ii) A State from whose territory or facility
a space object is launched .

This definition is significant, since the liability described
in subsequent articles is imposed on the 'launching State."
The content of Article I(c) is based on Article VII of the
Outer Space Treaty and is consistent thercewith. As discussed
in greater detail below,8 the possibility that liability could
be impesed on three separate governments for damage caused by a
space object raises procedural complications which must be antipated.9
Another ambiguity is created by the definition in Article 1(d)
of the term '"spacc object,'" which provides:
(d) The term '"space object'" includes component

parts of a space object as well as its launch vehicle
and parts therof.

Although by its terms, Article 1(d) clearly covers a launch
vehicle and each of its components, as well as a ''space object"
and its components, the language does not provide clear
guidance regarding tiec nature of a '"space object." Ti term
is used in the Outer Space Treaty to describe objec. ... -ched
into outer space (Articles VII and V.II), objects in - nit
around the earth (Article I1V) or objects which are sim, .
launched (Article X).10 Natural objects such as asteroic

are probably excluded unless some means of independent prepulsion
were constructed on it. 11 Similarly, a question may bhe raised
regarding the status of objects which are manufactured or

assembled in orbhit.
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Other limits on the applicability of the convention are

contained in Article VII, which excludes fr: a coverage:
(a) Nationals of [the] launching State;
(b) Foreign nationals during such time as they

are participating in the operation of [a] space

objuct from the time of its launching or at any

stage chereafter until its descent, or during such

time as they are in the immediate vicinity of a

planned launching or recovery area as tihe result of

an invitation by that \.unci,jng State.

As a result, nationals of the launching state are limited
to the judicial or administrative remedies provided by the
law of the launching state. Presumahly foreign nationals
participating in the launch, ope-ation and recovery of a
space object would be limited to the same remecdies.

Once it 1is ascertained, first, that the injury sustained
falls within the scope of the term "danage'" and resulted from
the. operation of a ''space object'" as those terms are defined
in Article I, the ccnvention imposes liability upon the
"launching State." The nature of the liability depends upon
the location at which the damage occurrcd. Thus, if a space
object causes damage on the surface of the earth or to an
aircraft in flight, Article II provides that tne '"launching
State shall be absolutely liunle 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 demon-
strate that it complied with all applicable standards of care.l?

Thus, if industrial activitics in space result in injuries or

damage to property on the esarth's surface or w! (lc travelling
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in an aircraft, the launching state would be liable to pay B
crrpensation upon demonstration

1. that the injury occurred; and

2. fhat it resulted from the oper.ation of space
industrial facilities.13
The rationale for absolute liability is, first, that space
acitivity is '"'ultrahazardous,'" and necessarily involves a
risk of serious harm which cannot be eliminated by the exercise

14

of utmost carg, and second, that the ability of a claimant

state to demonstrate 1ault on the part of a launchirg is likely
to be relatively limited.l®

A possible wecakness in the pretection granted by Article 11
is based on the content.on that it appears to not cover damage

16 This

in airspace which does not affect aircraft in flight.
omission is partially remedied by the likelihood that damage
iﬁ the earth's atmosphere will result in injuries on the
earth's surface which would constitute ''damage' as tLat term
is used in the Liability Conventicn. However, liability may
be avoided by establishing that ''the damage has resulted
either wholly or partielly from groess negligence or from an
act of omission done with intent tu cause damage on the part
of the claimant State or ~f natural or juridical persons it
~epresents," as provided in Article VI(1). 1In contrast, if
damage is suffered in outer space, the launching state is

liable for compensation to the injured party under the terms of

Article III only upon a demonstration of fault of the Jaunching

s
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17 The rationale

state or of persons for whom it is liable.
for differing treatment is based on the contention that the
absolute liability imposed under Article II would be inappro-
priate for collisions between space objects, since the operator
of the more costly object would collect the difference
between :ae values of the space objects, even if the collision
wrre caused completely or preponderantly by the acts of the

more costly space object.18

However, as a practical matter,
the difficulty of demonstrating fault is likely to mean that
in the event of damage to space objects, each party is likely
to bear its own loss except in exceptional cases.l9 For both
Articles II and III, the measure of damages is determined
under Article XII which provides that when compensation is
granted under the convention, the amount

shall be determined in accordance with international

law and the principles of justice and equity in order

to provide such reparation . . . as will restore the

person, natural or juridical, State or international

organization on whouse behalf the claim is presented

to the condition which could have existed if the

damage had not occurred.

Articles IV, V and VI introduce refinements of the general
framework established in Articles II and III. Under Article IV(1l),
if damage is caused somewhere other than on the surface of the
earth to the citizens of one state or their property as the
result of the activities of a second state, and that interaction
results in injury to the citizens or property of a third state,
the first two are jointly and severally liable to the third

state. If under Subparagraphs (a) and (b), the damage to the
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third state occurs on the surface of the earth or to aircraft
in flight, the liability is absolute; however, if damage is
sustained by the third ctate's space objects to passengers or
property on board, liability is based on fault. Paragraph 2
of Article IV apportions the liability between the first two
states according to the extent to which each was at fault.
If no comparative fault can be established, the liability
is divided equally. Nonetheless, Article IV(2) expressly
preserves the right of the third state to seek the entire
compensation from any of the states which are jointly or
severally liable.

Article V defines liability in cases in which two or more
states jointly launch a space object. Under paragraph 1,
all participating states are jointly and severally liable.
After a state has paid compensation for damage caused by a
jointly launched space object, it is entitled to seek compen-
sation from other participants in the joint launching. The
extent of each participant's liability may be determined by
agreements among the participants, but such agreements do not
prejudice the right of the state whose nationals have sustained
damages to scek the full compensation from any or all of the
launching states. Paragraph 3 includes among the participants
the states from whcse territory or facility a space object is
launched. The language of Article V provides little guidance
with respect to the definition of a joint launching. For
example, the question may be raised whether a state is a

participant or a joint launching state if:

ORIGINAL PAGE IS
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1. it is responsible for a relatively minor experiment
package on board the space object;
2, its nationals manufacture or supply a minor component
part; or

3. it is represented at launch by a technical observer.20

Finally, Article VI exonerates a launching state from
absolute liability if it can establish that the damage resulted
either wholly or partially from gross negligence or from an
act or omission done with intent to cause damage which may
be ascribed to the claimant state or to the natural or juridical
persons which it represents. Illowever, Paragraph 2 prevents
exoneration where the damage resulted from activities of the
launching state which were not conducted in accordance with
the applicable principles of international law, especially
the United Nations Charter and the Outer Space Treaty.

" Two main problems of construction are raised by the terms

of Article VI. First, the meaning of '"gross negligence'" is
left undefined and is subject to dispute. Second, the question
may be raised whether exoneration from absolute liability under
Article VI(1) relieves the launching state from all liability.
Some contend that Article VI(1) should be construed to relieve
li1ability only to the extent that the conduct of the nationals of

the claimant state caused the damage in question.z1

B. Articles VIII - XX

Articles VIII through XX of the Liability Convention

establish procedural guidelines for the presentation and
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prosecution of claims. Article VIII identifies the states
which are entitled to advance claims. Paragraph 1 authorizes
the state which has actually sustained damage or whose nationals
have suffered personal injury or property damage to present a
claim for compensation. However, under Paragraph 3 if the
state of nationality has not presented a claim, the state in
whose territory the damage occurred may demand compensation,
regardless of the nationality of the entity actually sustaining
damage. If neither of the first two governments has sponsored or
stated its intention to sponsor a claim, any state may present a
demand for compensation for damage actually suffered by any of
its permanent rcsidents.

Article VIII has the effect of expanding the traditional
rule that only the state of nationality is authorized to
present a claim for damages.22 However, the number of authorized
claimants presents three main problems. First, Article VIII
does not define the period of time within which the state of
nationality or the state within whose territory the damage
occurred must act to preserve its right. Second, Article VIII(2)
does not require the latter to ascertain whether the state of
nationality intends to present a claim.23 Finally, the text
of this article does not sclve the question of authorized
representation if under Paragraphs 2 or 3 a claim is properly
presented and the state of nationality presents a subsequent
claim. This question is particularly important to space

industrialists, in light of the general rule that a state
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presenting an international claim is not obligated to pay any

d.24 If the state

compensation to the party actually injure
of nationality were permitted to recover compensation from the
launching state, the injured party could reasonably expect
that political and economic considerations would motivate the
state of nationality to convey all or part of the compensation
to its injured nationals. However, if the state in whose
territory the injury actually occurred recovers, the iniured
party would have a diminished prospect of recovery, since it
would possess a limited ability to exert effective political

pressure. This concern is diminished somewhat by the terms of

Article XI(2) which permits the injured party to seek redress

in the courts or administrative tribunals of the launching state.

Article IX places the claims procedure on a diplomatic
basis, subject to the provision for judicial or administrative
relief contained in Article XI(2). Time limits for the pre-
sentation of claims are established in Article X which has
the effect of establishing a one-year ‘“atute of limitation
measured from the date of occurrence ovr the date of identifi-
cation of the launching state, or the date on which the
claimant state could reasonably be expected to have discovered
those facts through the exercise of due diligence., However,
in cases in which the full extent of the damage is rot
immediately determinable, the claimant state is entitled to
revise the claim and submit additional documentation until

one year after the full extent of the damage is known.
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Article XI(1l) introduces an innovation into the practice
of states regarding international claims. Traditional rules
require the claimant to exhaust available local remedies prior
to the presentation of the claim through diplomatic channels.?25
However, for the types of injuries covered by the convention,
Article XI(1) expressly nullifies the traditional rule with
respect to local remedies available cither to the claimant
state or to the natural or juridical entities represented by
the state under authority granted by Article VIII.

As noted above, as an alternative to diplomatic claims
procedures, Article XI(2) preserves the right of a state or
the natural or juridical persons it represents to pursue
administrative or judicial remedies available under the law
of the launching state. Thus, Paragraph 2 enables the injured
party to proceed directly against the party directly responsible
for the injury, potentially including parts manufacturers and
system operators. Depending on the law of the launching state,
relief may also be availablc against the government of the
launching state. However, recovery under this direct approach
is likely to be limited, first, to the damage actually caused
by government officers and employees, and second, by the
problems inherent in judicial and administrative actions
between sovereign and non-sovercign parties.

A second problem posed by Article XI(2) is that as a
practical matter the decision to pursue a remedy under Paragraph 2

is likely to amount to waiver of a claim through diplomatic

197
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channels, since the second sentence of Paragraph 2 denies a
claimant state the right to present through diplomatic channels
a demand for ccmpensation which relates to the same damage

or injury which serves as the basis for judicial or administra-
tive action under the law of the launching state. That
provision raises two questions. The prohibition on simultaneous
pursuit of parallel remedies combined with the consideration
that the timec normally required to litigate a substantial claim
is likely to exceed onc year would probabiy prevent presentation
of a subsequent claim through diplomatic channels. Illence, if
the statute of limitations for judicial or administrative
actions exceeds one year, the injured party should consider
delaying initiation of such actions pending determination of
diplomatic claims. The latter possibility raises the questions,
first, whether the judicial or administrative claim would be

barred by res judicata or related principles, and second,

whether the time limit for presentation of a claim established
in Article X applies to judicial and administrative actions
as well as to diplomatic claims. Although the language of
Article X does not directly answer the latter question, the
choice of words and Article X's relationship to Articles VIII
and IX suggests that its impact is limited to diplimatic
claims.

The measure of compensation to be paid to the claimant

state is to be determined under Article XII
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in accordance with international law and the principles

of justice and equity in order to provide such

reparation . . . as will restore the person, natural

or juridical, State or international organization

on whose behalf the claim is presented to the condition

which could have existed if the damage had not

occurred.

From the perspective of space industrialists, the standard

is unsatisfactory, duc to its vagueness. Particularly problematic
is the question of availability of interest from the time the
damage occurred, lost profits and the costs of pursuing the

claim, Arvrticle XII is supplemented by Article XIII which

requires the launching state to pay any compensation due in

the currency of the claimant state, unless the latter requests
payment in the currency of the launching state, or unless the

two states agrce on somc other form of compensation.

Articles XIV-XX provide for the establishment of a claims
commission to settle claims which are presented but are not
reéolved through diplomatic procedures. In general these
procedures do not directly affect the interests of entities
contempliting industrialization of outer space. Nonetheless,
three provisions should be noted. First, Article XIV requires
the claimant and launching states to form a claims commission
if a claim presented through diplomatic channels in accordance
with the provisions of Article IX is not resolved within one
vear from the date the claim is presented. Second, the claims
commission is anthorized under Article XVIII to determine the

merits of the claimant to fix the amount of compensation, if

any, to be paid. Finally, Article XIX(2) provides:
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The decision of the Commission shall be final
and binding if the parties have so agreed: otherwise
the Commission shall render a final and recommendatory
award, which the parties shall consider in good
faith. The Commission shall state the reasons fer
its decision or award.
The fact that decisions of the commission are binding only
if the states forming the commission so agree further weakens
the protections offered by the convention to potential space

entrepreneurs.

200



-50-

iII. INTERNATIONAL TELECOMMUNICATION CONVENTION AND ITU
RADIO REGULATIONS

The third major international instrument which is likely
to influence industrial development in outer space is the
International Telecommunication Convcntion1 and the Radio
Regulations promulgated by the International Tclecommunication
Union (ITU) under authority granted in the convention. The
principles cmbodied in the Convention and the Radio Regulations
are likely to be most important for space industrial installa-
tions which rcquirc utilization of the geostationary orbit.2

As suggested above,3 Articles I, II and IX of the Outer
Space Treaty establish general principles governing the utiliza-
tion of the geostationary orbit for all purposes, including
space industrialization. However, to date, iaternational debate
regarding the practical application of those provisions to the
task of managing the geostationary orbit has occurrecd primarily
at the World Administrative Radio Confcrences convened by the
International Telecommunication Union for the purposc of
regulating global teleccmunications activity and accommodating
conflicting uses of the electromagnetic spectrum. During the
past fifteen ycars the ITU has also developed an interest in
the management of the gcostationary orbit.

That interest is based both on the special characteristics
of the orbit which make it particularly valuable for communica-
tions satellite applications and on the character of the geo-

stationary orbit as a limited natural resource. Some experts
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argue that if mutual interference is to be avoided, the number

of satellites in geostationary orbit must be limited to 180.4

Others contend that the spacing of satellites could be diminis)::

leaving only the necessary safety margin to ensure avoidance

of collision, with the result that the capacity of the orbit

could be increased to nearly 1800 satellites.s llowever, in

order to ensure avoidance of mutual interference under the

present state of communications satellite technology, the

spacing must be increased beyond the minimum necessary to prevent

ccllision. Thus, although the maximum capacity is dependent on

a number of technical variables, including frequency staggering,

signal polarization, signal format, location of earth stations,

and transmission power, and hence cannot be precisely calculated,

the geostationary orbit must be considered a limited resource.6
"The 1959 ITU Radio Regulations which govern the use of

the electromagnetic spectrum have been periodically revised to

respond to developments in satellite communications. In 1963

the ITU convened the Extraordinary Administrative Radic Confer-

ence in Geneva to allocate trequencies for use by satellites.

Although the Radio Regulations were partially rev*‘sed,7 the

conference did not alter the historical prac<ice of permitting

individual states to assign transmission frequencies unilater-

ally.8 Thus, the traditional '"firs. come, first ser—ed"

approach was extended into the realm of satellite communication

where it applies both to the allocation frequencies and to

occupation of orbital "parking slots' by communications
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satellites.9 Since that approach gives an ob. >jus advantage

to those technologically advanced states which are presently

capable of eétablishing geostationary satellite systems, less

developed states began to exert pressure to preserve future

interests in use of the orbit against saturation by more developed

countries.10
During the following eight years, utilization of the orbit

grew dramatically, causing increased concern among non-space

powers. Against this background, the ITU convened the 1971

World Administrative Radio Conference for Space Telecommuni-

cations (WARC-ST) in Geneva. In opposition to proposals that

the ITU should allocate not only frequencies but orbital slots

as well, the United Statcs argued that regulation of the orbit

would inhibit its dcvclopment as a natural resource.11 The

strength of the opposition and other complications resulted in

th; gencral prescrvation of the status quo.12 Nonectheless,

some progress was made toward the accommodation of the conflicting

interests of siates at various stages of cconomic and tech-

nological development. Article 9A of the Radio Regulations

was revised to establish a mechanism for coordinating use of

the geostationary orbit.13 Section I requircs 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,l4 within five years prior to

commencement of service, information defined in Appendix 1B

of the Radio Regulations relating to thc characteristics of
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the system's satcellites and carth stations, including orbital
information. 1In particular with respect to gecostationary
satellites, Section II requaires any government considering the
use of the orbit to coordinate the planned use -- prior to notifi-
cation of thc IFRB under Section 1 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
complected coordination proceduras under this section.  To
facilitate coordination the former is to supply the information
defined in Appendix 1A of the Regulations. The purposc of

this coordination procedure is to promotc resolution of potential
conflicts prior to commecncement of system const..ction.

Another clcement of the cffort of delegates to the WARC-ST
conference to resolve conflicts regarding management of the
orbit is cmbodied in Resolution Spa 2-1, wiich reflected the
concern of non-space powers rcparding the management of the
orbit. In part the resolution provides:

The World Administrative Radio Confcrence for

Space Telecommunications (Geneva, 1971),

considering
that all countries have cqual rights in the usc

of both the radio frequencics allocated to various

space radiocommunication services and the geostationary

satcllite orbit for thesc services;

taking into Jdccount
that the radio frequency spectrum and the geo-
stationary satellite orbit are limited natural resonrces
and should be most cffectively and cconomically used;
havine in mind
that the use of the allocated frequency bhands
and fixed positions in the gcostationary satellite
orbit by individual countrics or groups of countrics

can start at various dates depending on requirements
and readiness of technical facilitics of countrics;
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resolves
1. that the rcgistration 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 anAd
should not create an obstacle to the establishment of
space systems by other countrics .

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 possible use

of the geostationary orbit and the frequency bands assigned to
the broadcasting satellite service, and which called upun
participating governments to establish and operate satellite

n: adcasting systems in accordance with plans established by
general and regional conferences in which affected states are
entitled to participate.15 Although not binding on the parties
to the International Telecommunication Convention, 6 the
resolutions expressed a broadening consensus among participating
délegations and emphasized the fact that the Radio Regu.ation
does not provide permanent protection to spectrum and orbital
assignments for space broadcasting services.1 However, the
resciutions did not allay the concern of non-space powers that
present spac: activities will saturate the most desirable
segments of the orbital arc.

The third phasc of the ITU's consideration of the problem
of allocating the geostationary orbit among potentially con-
flicting uses occurred at the Plenipotentiary Conference of the
ITU which was held in September and October 1973 in Torremolinos.
The basic purpose of the conference was to evaluate and, if

necessary, revise the ITU's fundamental structure and functions.
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In addition, the question of orbital slot allocation was
. 18 . .
in the agenda. In that context the Israeli delegation

to modify the International Telecommunication Convention

e = ia

included
proposed

to

authorize ITU allocation of botk the frequency spectrum and

geostationary orbital slots as a mcans of ensuring equitable

. 1
access by all parties. 9 Although the Israeli proposal

did not receive the support required for adoption, the

Plenipotentiary Conference amended the listing of the dutics

to be performed by the IFRB contained in Article 10 of the

Convention to add relatively undefined responsibilities relating

to the geostationary orbit. In revised form Article 10(3) provides:

The cssential duties of the Internationnal
Frequency Registration Board shall be:

a) to effect an orderly recording of frequency

assignments made by the different countrics 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 competcent conferences
of the Union, the datec, purpose and tcchnical charac-

teristics of cach of these assignments, with a view

to cnsuring formal international rccognition thercof.

aa) to cffect, in the same conditions and

for the samc purposc, an orderly recording ot the

positions assigncd by countrics to gcostationary

satellites;

b) to furnish advicc to Members with a view to

the operation of the maximum practicable number of

radio channcls in those portions of the spcctrum where
harmful interference may occur, and with a vicw to the

cquitable, effective and cconomical usc of the gco-
stationary satcllite orbit;

¢) to perform any additional dutics, concerned

with the assignment and utilization of frequencies and

with the utilization of the gcostationary satecllite

orbit, in accordancc with the procedures p.ovided for

in the Radio Regulations, and as prescribed by a

competent conference of the Union, or by the Adminis-
trative 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
(cmphasis added)
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In essence, the IFRB was instructed to record use of orhital
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 non-space powers, the Plenipotentiary Conference
also revised Article 33 to provide:

Rational Use of the Radio Frequepncy Spectrum and of
the Geostationary Satellitce Orbit

In using frequcncy bands for radio spacec services

Members shall bear in mind that radio frcquencies and

the gcostationary satellitc 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 Regulations according to

their nceds and the technical facilitics at their

disposal.20

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 thec geostationary
orbit and to rccord such usc with the TFRB:

2. At least during the period of active use of an orbital
siot, the system operator is protected against harmful
interf{erence from subscquently established systens
by the coordination rcquirements of Article 9A;

3. The system operator is not entitled to permanent

utilization of any particular orbital slot; and

207



-66-

4. Governments operating geostationary satcllites are

required to conduct their operations in such a way

as to permit cquitablc arcas to orbital slots by

other governments subscquently establishing communica-

tions systems based on the usec of gecostationary

satellites.

At the 1977 World Administrative Radio Conference for

the planning of the broadcasting-satellite service in the
12 Gllz band (WARC-BS), principles to govern the management
of the geostationary orbit were discussed. During
the dcbates,21 Columbia and other cquatorial
‘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
equatérial states are entitled to exercise sovereign rights in
relation to the segments of the arc located over their respective
territories.22 Similar contentions had been incorporated in the
Bogota Declaration of December 3, 1976.23 The states which
supported that document raised the question at WARC-BS and
stated thecir opposition to allocation of orbital slots in an
effort to promote international recognition of national jurisdic-
tional control. Recognition of that approach would permit the
equatorial states to control access to the orbit, most likely
on a licensing basis. However, conflicts with the '"free use"

principle of Article I(2) and the Article II prohibition against
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appropriation as well as the low level of support from non-
equatorial states suggest that the establishment of an interna-
tionul conseﬁsus on this approach is unlikely.

The remaining delegations divided their support between
dev.lopment of an a priori plan and evolutionary planning for
ocrbital slot and frequency allocation. Under the first approach,
a comprehensive plan covering all aspects of the allocation
ques :ion would be developed in an attempt to accommodate to the
maxiaum possible extent the whole set of needs foreseen by the
period covered by the plan.24 In contrast, under evolutionary
plam-ing, systemdesign and deployment would be undertaken within
limits imposed by a series of general sharing principles and
would be based as prior consultations with other governments
whose existing systems could be affected by the establishment of
nev systems. Under that approach, no advance assignments of
orbital slots frequencies and signal polarizations are made;
permitting actual use to benefit from advancing technology.25

The a_priori approach enjoyed substantial support from
a significant number of non-equatorial states in Regions I and III.
The United States led another bloc of states including Canada
and Brazil :"iich opéosed a priori planning supporting instead
various forms of evolutionary allocation for Region II. When
the "ARC-BS ended, no a priori plan was approved for Region II,
L.t 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.26 Thus, the

cruference did not significantly alter the existing regime with
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respect to use of the geostationary orbit by the United States,
Canada and Latin America. However, technological 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
tor the 1979 World Administrative Radio Conference. In its
present form,27 the agenda calls for the review and, if necessary,
revision of Articles 9 and 9A relating to the coordination,
notification and recording of frequency assignments.28 As noted
above, Article 9A establishes procedures for coordinating use
of the geostationary orbit.

In the context of discussions of Article 9A, the issue of
allocating orbital slots is likely to be raised. Participating
delegations are expected to align themselves along the lines
drawn at the WARC-BS. Equatorial states will continue to press
their claims that the geostationary orbit is a natural resource
subject to the sovereign control of individual countries which
lie‘along the equator. The non-equatorial developing countries
and those which are considered developed but which do not yet
possess the capability to onerate sophisticated satellite systems
can be expected to press for adoption of a comprehensive
frequency and orbital slot allocation plan which would ensure
future access to segments of the geostationary orbit suitable
for national or regional use. The United States and other

space powers are likely to continue their support of evolutionary
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planning in order both to ensure maximum use of the orbit and
to incorporate technological advances into the allocation scheme
as rapidly as they occur.

The debate will be given a sense of urgency by intervening
communications satellite experimentation and the evolution of
planning for operational domestic, regional and global satellite
networks. Canadian and American experimentation using the ATS-6
and CTS systems will focus on applications of geostationary,
high-power broadband satellites transmissions in conjunction
with small terrestrial receiving terminals.30 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 applications.31

These experimental activities will provide the basis for
expanded operational use of geostationary communications satellites.
Significant expansion of the Intelsat network and deployment
of new Intelsat V satellites are projected.32 On the regional
level, the Arat League's Telecommunications Union is considering
establishing a system based on geostationary satellites for the
prbvision of broadcast and telephone services to each member
country.33 Expanded domestic systems are either under devel-
opment 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 transponders from Intelsat for

. - 34
dedicated use in domestic systems.
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Increases in existing and planned use of the geostationary
orbit for communications and other purposes will provide impetus
for the 1979 WARC debate regarding allocation of the geostationary
orbit. Because of the key role played in the existing law of
outer space by the "free use" principle of Article I(2) and the
non-appropriation principle of Article II, and in light of the
potential economic and social value of the proposed satellite
applications based on the use of the geostationary orbit, the
claims of equatorial states to sovereign control over large
segmencs of the orbit are unlikely to receive broad international
recognition. Thus, the main struggle is likely to take place
between comprehensive advance allocation of frequency and
orbital slots and allocation according to actual use, taking
into account existing systems and advancing technology.

Current positions and trends of discussion indicate that
althbugh substantial discussion of the problem 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
refefred for consideration to regional conferences. After
consideration there, the resulting recommendations will probably
be re-examined at a general WARC in the mid-1980s. Debates
at the 1979 WARC and subsequent conferences are likely to reveal
a trend toward the assignment within each region of orbital
segments dedicated to individual communications services.

Within each segment, each country would be assured equitable

iccess to orbital slots, but no specific frequency or orbital
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slot allocations would be made in advance of actual use. Despite
a trend toward that approach, complicating factors including
non-communications applications such as satellite power generation
are likely to delay establishment of an effective compromise

among competing interests.

Thus, the impact of the 1979 WARC on the development and
establishment of satellite power systems is likely 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,
the progress projected for the 1979 WARC is likely to emphasize
the importance of preliminary planning and evaluation of future
orbital requirements for satellite power systems in order to
ensure that future conferences take into account both the need
to establish such systems and, if established, their projected

orbital requirements.
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PART III

The treaties and conventions discussed in Part III
provide the general legal framework within which the industriali-
zation of outer space is likely to evolve. As technological
advances make establishment of experimental and operational
systems imminent, various members of the international community will
initiate efforts to elaborate the general instruments discussed
above by establishing more specific guidelines to govern
particular activities. Thus, for example, planning and experi-
mentation relating to direct broadcast and earth resources
satellites have promoted extensive consideration of relevant
technical, organizational and legal guidelines by the United
Nations Committee on the Peaceful Uses of Outer Space (CPUOS)
and .its subcommittees. To the extent that the concept of space
industrialization encompasses the direct television broadcasting
via satellite, remote sensing and closely related activities,
the CPUOS debates provide a basis for predictions regarding
the ‘structure of international space law at the time such
systems bscome fully operational. The CPUOS debates also
indicate trends which are likely to influence future negotiations
relating to uses of outer space which are not yet under
consideration in CPUOS, including éatellite power systems and
space manufacturing.

In addition to trends indicated by CPUOS activities,

other evidence regarding the future of international space law
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can be derived from developments in other areas of international
law. One example is the analogy which can be drawn to the
positions taken by various delegations on legal and institutional
issues at the present series of United Nations Conferences on
the Law of the Sea as reflected in the regotiating texts.
Another example is the evolving concept of ''the common heritage
of mankind" which has received some measure cof support in
negotiations relating to the management of both the seas and
outer space. Further guidance on questions relating to
potential organizational configurations for entities engaged
in space industrialization can be derived from current trends
as evidenced by the practice of Intelsat, Inmarsat and Aerosat.

The purpose of Part TII is to examine the most important
of these trends:

1. direct broadcast satellites;

2. earth resources satellites; and

3. the draft moon treatv.
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. IMPLICATIONS OF THE rPUNS DEBATES ON DIRECT SATELLITE
BROADCASTING FOR SPACE INDUSTRIALTZATION

NASA research and development activities utilizing the
ATS and CTS systems have demonstrated the technical feasibility
of direct broadcast satellites capable of transmitting program
carrying signals directly to small-scale ground veceivers,
bypassing the complex terrestrial redistribution networks
presently employed by existing systems.1

Direct broadcasting from satellites promises a number of
benefits, including more efficient and extensive program
dissemination on a national level both for educational and
‘entertainment purposes and for increased interchange of ideas
and infermation between cultures. Perhaps the most important
of these is the potential for improving the quality of education.
In all of the developing countries, and even in some of those
consideled developed, a shortage of well-qualified teachers
has hindered national development, setting in moticn a search
for means to overscome the shortage. Educational television
has been used successfully in many parts of the world to
distribute over a wide area resources previously available
only in isolated special teaching facilities. In a large
number of countries, however, the absence of a well-developed,
in-place terrestrial distribution system for educational
programming, compounded by the difficulty of installation
due to high costs, difficult terrain or a widely dispersed

population, has prevented full realization of television's
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educational potential. Direct satellite broadcasting technology
is capable of overcoming these barriers, provided that certain
economic and .technical obstacles are overcome.

Along with its promise of increased interchange among
peoples, direct broadcasting has also created concern among
potential '"receiving states" that the new technology will be
exploited for purposes of propaganda or for cultural or economic
imperialism. As early as 1963 that concern generated demands
that a restrictive international legal regime be imposed on
the use of direct broadcasting to prevent potential misuses.

The significant initiatives in that regard have centered in
the United Nations, taking place in a variety of agencies,

including CPUOS, the ITU and UNESCO.

A. Main Positions

During the United Nations debate, three main positions
have emerged. After a short initial period at the opposite
pole, the Soviet Union has led Argentina, Brazil, Egypt, France
and the Eastern European bloc in expressing concern over
the potential for satellite transmission of politically
subversive or culturally disruptive broadcdsts across national
boundaries without the prior consent of the receiving state.

A number of less developed states have echoed the Soviet concern
over propaganda. Morocco, Iran, Sierra Leone, and India,

among other Third World states, have been especially concerned
about cultural imperialism and the possibility that commercial

advertising by the industrial powers womld disrupt tne social
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fabric of developing nations. Some Third World nations have
suggested that any television program displaying consumer-
oriented societies in a favorable light would create a demand
for consumer goods among their own citizens which could delay
or perhaps even thwart national plans for social and econonmic
development.2 The key elements upon which these states would
ultimately base an international institutional response are
the principles of national sovereignty and the need to protect
established cultures against intrusion from abrcad.

Opposition to the restrictive r.;julatory ar roach taken
by the Soviet Union has been led by the United States, which
has argued, first, that any regulation was premature, since
no one could determine with any degree of certainty either the
configuration of future direct broadcast systems or the nature
of tpe political, economic and legal problems likely to arise
when such systems finally become operational, and second, that
an excessively restrictive policy could stifle the initiatives
necessary to develop and implement direct broadcast technoiogy.
The third tenet of the United States' position has been the
contention that a reyime of prior consent and program control
would violate both the First Amendment and the principle of the
free flow of information contained in the Declaration of Human
Rights, and would, therefore, be unacceptable as a matter of
constitutional policy.

Sweden and Canada have taken an intermcdiate position,

recognizing the need to incorporate both the free flow of
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information and the protection of national sovereignty and
cultural diversity into any viable regulatory scheme. To
achieve that goal, the two states have advocated a regime based
on international cooperation expressed in a prior agreement
between the broadcasting and receiving states. Under the
Swedish-Canadian proposal, program content would be determined
by the bilateral prior consent agreement siather than by a
global agree::¢nt as proposed by the Soviets.

The current series of CPUOS negotiations began in 1969
when the Working Group on Direct Broadcast Satelliies was
convened in New York pursuant to General Assembly Resolution
2453 B (XXIII).3 After the Working Group held five sessions,
the main debat: regarding appropriate governing principles
shifted to the Legal Sub-Committee in 1974, where some progress
has been made toward the establishment of an international
cohsensus. The basic foundations of the debate were embodied
in proposals submitted by the Soviet Union, the United States
and jointly by Sweden and Canada.

1. The 1972 Soviet Draft Convention

Concerned about the American progress with communications
satellite technology, the Soviet Union unexpectedly introduced

its restrictive Draft Convention on Principles Governing the

Use by States of Artificial Earth Satellites for Direct Televi-
4

sion Broadcasting to the General Assembly on 8 August 1972,

In a letter addressed to the Secretary-General, Soviet Foreign

Minister Andrei Gromyko requested that the twenty-seventh
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session of the General Assembly examine the feasibility of
an international agreement for satellite broadcast regulation
and that the Soviet proposal be included on the agenda.S
. The Soviet Union intended its draft to provide the foundation
for a universaliy binding treaty approved by the CPUOS Legal
Sub-Committee.
As submitted, the Soviet draft contained nearly all of
the restrictive principlcs proposed during the previous
meetings of the Working Group, including a strict provision
permitting direct satellite broadcastin; to foreign states
"only with the express consent of the latter."6 Article 1V
provided that any party to the proposed convention would
undertake to exclude from programming transmitted via satellite
"any material publicizing ideas of war, militarism, nazism,
national and racial hatred and enmity between peoples, as
well as material which is immoral or instigating in nature
or is otherwise aimed at interfering in the domestic affairs
or foreign policy of other states." Article VI elaborated
the general statements of Article IV, listing specific categories
of satellite broadcasting which would be illegal:

(a) Broadcasts detrimental to the maintenance of
international peace and security;

(b) Broadcasts representing interference in intra-
state conflicts of any kind;

(c) Broadcasts involving an encroachment on funda-
mental human rights, on the dignity and worth
of the human person and on the fundamental
freedoms for all without distinction as to race,
sex, language or religion;
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(d) Broadcasts propagandizing violence, horrors,
pornography, and the use of narcotics;

(e) Broadcasts undermining the foundations of the
© local civilization, culture, way of life,
traditions or language;

(f) Broadcasts which misinform the public in these
or other matters.

The ban on specific categories of program content was
supported by Article XII, which would have denied any party
to the convention the right to enter into any subsequent
international agreement which conflicted with the convention.
Thus, the propused program content limitations were apparently
intended to apply even if the broadcasting and receiving states
had agreed to waive one or more of the limitations. Consequently,
under the Soviet draft, any third state which considered the
programming exchanged between the broadcasting and receiving
state--even if pursuant to an agreement between the two--to
fall within the proscribed categories, could invoke the
remedial procedures foreseen in the Soviet draft, even if
there were no poussibility that the third state's citizens
would receive the allegedly objectionable transmissions. In
addition, the proposal also forbade advertising, except 'on
the basis of specific agreements specially concluded between
those states concerned.'f7

The foundation for the remedial process was laid by
Article VI, which imposed international liability of states
against a broadcasting state where programming contained
proscribed materials. Article VII extended the liability of
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the broadcasting state to include any act of illegal broadcasting
by one of its nationals, whether or not the broadcas: was
actually transmitted by a government agency. The imposition
of international liability presumably made available to the
objecting state all of the normal remedial procedures provided
by international law. Article IX, however, also permitted the
target state to '"employ the means at its disposal" to counteract
the illegal irradiation of its territory by a foreign state.8
The convention did not state explicitly whether retaliatory
military action against the satellite would be permissible in
such cases. However, that interpretation was given credence
by language contained in Foreign Minister Gromyko's letter
conveying the draft convention to the Secretary-General:
States may utilize the means at their disposal to
counteract illegal direct broadcasting of which
they are the object, not only in their own territory
but also in outer space and other areas beyond the
limits of national jurisdiction of any state.’
Gromyko's statement leaves open a number of undesirable responses
by the target state, including the destruction of the satellite
in space. Eventually, however, the Soviets indicated that
only "lawful" measurc¢s would be aut.uorized under the convention.10
The Secretary-General referred the Soviet draft to the
Committee on the Peaceful Uses of Outer Space, which in turn
approved consideration of direct broadcast issues by the
Working Croup at its fourth session.11

At the fifth session of the Working Group, the Soviet

Union also took a slightly moderated position, substituting a
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draft declaration of principles for the draft convention.12

The substantive provisions were essentially identical to those
of the 1972 draft convention, with two exceptions. The first
exception was the draft declaration's omission of the listing
of prescribed categories of program content in Article VI of

the draft convention.13

Although the specific listing is omitted.
the general prescriptions of pr' grams promoting militarism,

racial hatred and cultural subversion contained in Article IV

¢” the convention are retained in Article IV of the draft
declaration, leaving the scope or effect of the limits on

program content substantially unaffected.

A second difference between the two drafts relates to the
issue of spillover. Under Article VIII(2) of the 1972 draft
convention, any state believing itself subjected to uninten-
tional radiation would have been entitled only to request
consultations with the broadcasting state. The draft declaration
would have authorized the offended state to compel immediate
consultations regarding program content if the unintentional
spillover were receivable in its territory by ordinary receivers

14

or receivers augmented by simple devices. Both drafts would

have proscribed any intentional broadcast unless authorized

by prior agreement between the brcadcasting and receiving states.
The final difference between the two Soviet drafts is
found in the remedial provisions. Article IX(1) of the 1972
draft convention would have permitted any party to the convention
to:
223 ORKnnal,!ﬁfgi;:
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employ the means at its disposal to counteract
illegal television broadcasting of which it is the
object, not only in its own territory but also
in outer space and other areas beyond the limits
of the national jurisdiction of any State,
1eaving open the possibility that an offended state might
consider itself entitled to destroy the satellite relaying

allegedly unlawful programming.16

The counterpart to

Article IX(1l) in the draft declaration limits the response of
the complainant state to those '"measures which are recognized
as legal under international law.17

Despite the near identity between the operative provisions

of the 1972 draft convention and the 1974 draft declaration,

the former represents a moderation of the Soviet position.

By accepting a non-binding declaration, rather than a treaty,

as the appropriate mode for expressing an international consensus,
the Soviets moved toward compromise with the American and

Swedish-Canadian positions.

2. The Swedish-Canadian Draft Principles

Also considered at the fourth session of the Working
Group in 1973 was a draft declaration submitted jointly by
the Swedish and Canadian delegations. Officially entitled

The Draft Principles Governing Direct Television Broadcasting

by Satellite,18 the Swedish-Canadian proposal attcmpted to

reconcile the free flow of information with national sovereignty
through the application of the basic principles of cooperation
and participation. Like the Sov.et draft convention, the joint
Swedish-Canadian proposal would have required the broadcaster

to secure the consent of the recipient state:
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Direct television broadcasting by satellite to any
foreign State shall be undertaken only with the
consent of that State. The consenting State shall
have the right to participate in activities which
involve coverage of territory under its jurisdiction
and control. This participation shall be governed
by appropriate internationai arrangements between
the States involved . . . .19
The draft declaration did not, however, include an explicit
program code. Instead, Article VIII would have mandated
participation of the recipient state in ''the scheduling, content,
production and exchange of programmes and all other aspects,
including if appropriate, the training of technical and programme

personnel."20

The combination of prior consent and participation
provisions would have nullified the potential tor offensive
program content, while permitting the participatory states to
tailor programming to their respective needs. Although the
prior consent provision was comparable to that proposed in
the- Soviet draft, the Swedish-Canadian draft would have
permitted interested states to consent to any type of programming,
while the Soviets advocated the establishment of prohibitions
against specific categories of content.21
The Swedish-Canadian draft declaration also would have
distinguished between technically unavoidable spillover and the
intentional transmission of television signals to a foreign
country. While the priof consent clause would not have
operated in the case of unavoidable spillover, the draft’

declaration specified that the ccnsent and participation

provisions were to be applicable in situations:
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(a) where coverage of the territory of a foreign
State entails radiation of the satellite signal
beyond the limits considered technically unavoidable
under the Radio Regulations of the International
Telecommunication Union; or
(b) where notwithstanding the technical unavoid-
ability of spillover to the territory of a foreign
State, the satellite broadcast is aimed specifically
at an audisgce in that State within tne area of
spillover.
If any state concluded that another was violating the principles
set forth above, the joint document would have authorized the
former to call upon the latter to enter into consultations
regarding the alleged violations. If the consultations did
not reach a mutually acceptable settlement, the aggrieved state
would have been entitled to seek a settlement through the
established procedures for the resolution of disputes '"such
as conciliation, mediation, arbitration or judicial settlement.”23
The Swedish-Canadian draft appears to be a useful com-
promise between the Soviet draft convention and the arguments
presented orally by the American delegation. The proposal
contained an explicit prior consent provision, similar to that
sought by the Soviets, but it omitted the controls on program
content so vehemently opposed by the American delegation.
Nonetheless, the ommission wa< potentially compatible with the
Soviet position, since tihe shared control of specific programming
could serve as an effective substitute. The joint proposal
would also have assured American broadcasters that they would

not be forbidden to transmit commercial programming to other

nations on the basis of objections based on content, provided
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they were able to persuade the receiving state to consent to
recceive direct broadcasting. In addition, a state irradiated
by spillover resulting from consented transmission between two
other states could not interfere with the transmissions on

the ground that it had not also consented, if the spillover

were technically unavoidable and not specifically directed at
the complaining state. Finally, the fact that the document

did not authorize censorship or contain a list of proscribed
programs could have eased the American constitutional objections
to international broadcast regulation.

3. The United States Draft Principles

During the first four sessions of the Working Group,
the United States consistently argued that any international
declaration or treaty on direct broadcasting would impede
development and operational implementation of the technology.
However, in response to the Soviet and Swedish-Canadian
initiatives, the United States delegation submitted its
own draft declaration of principles to the fifth session of
the Working Group. Framed in general terms, the American

Draft Principles on Direct Broadcast Satellites24 did not

attempt to enumerate illegal broadcast applications. In
contrast to the Soviet document, the American proposal took a
positive approach, encouraging rather than limiting the use

of direct broadcast satellites. The draft recognized the need
for direct broadcasting to develop within the limits imposed by

the ITU technical parameters and procedures, as well as by
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international law, including the United Nations Charter and

the Outer Space Troaty.25

In its proposa. the United States
also included the principle that direct broadcasting should

be carried out in a manner both compatible with the maintenance
of international peace and sensitive to the differences among
cultures.26 Within that framework the American delegation
proposed that the evolving technology be applied so as to
"encourage and expand the free and open exchange of information

and ideas."27

Implementation of the fundamerntal principle of
the free flow of information was to be achieved by promoting
access of every state to both transmitting and receiving
facilities insofar as technical obstacles could be overcome.28
The organizational and programming barriers were to be overcome
through cooperative efforts of international organizations
and regional broadcasting associations,29 with any disputes
to be resolved by estabiisled procedures.30 Finally, the draft
principles introduced by the United States delegation called
upon the Unite.! Nations and its member states to 'review the
questions of the use of satellites for international direct
television broadcasting if practical experience indicates the
need for such a review.31

From the beginning of the direct broadcast debate, the
basic tenets of the American vosition had been the free flow

of information, deferral of regulation until concrete problems

have arisen, and application of the evolving technology through

regional cooperation. Thus, in one sense, the proposed principles
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simply formalized the previously established position. None-
theless, the American draft represented an important step
toward comnromise. Until the Working Group's fifth session,
the United States had opposed any attempt to establish limitations,
whether binding or not, on direct broadcasting. By introducing
its own set of draft principles, the United States accepted

the proposition that the establishment of such non-binding
principles would facilitate the development of the technology.
The American proposal also recognized for the first time the
need to jaclude a provision for broad access in order to ensure
the two-way flow envisioned in the principle of free flow

of information. Although conditioned upon the ability to over-
come unspecified "practical difficulites," the shared access
principle represented another step toward resolution of the

direct broadcast controversy.
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B. Present Status of the Direct Broadcast Debate

Since 1974 the CPUOS Legal Sub-Committee has made some
progress toward a consensus on direct broadcast issues. The
following subsections are intended tc describe the current
status of the debates on specific key issues.

1. Purposes and Objeciives

At the final session of the Working Croup in 1974, the
delegations agreed that direct broadcasting should have as
its goals the promotion of international peace, the facilitation
of global economic and social development and the furtherance
of intercultural understanding.37 The report concluded that
all dirc.t broadcasting activities should be conducted exclu-

33 However, at

sively in a manner compatible with those goals.
the fourteenth session of the Legal Sub-Committee, one group
of delegates argued that that policy shculd be made mandatory,
while others contended that the principle in question should
remain a nun-obligatory statement of a1 general policy.34
During the fificenth session, the delesr tions agreed on the
latter approach.35

2. Applicability of International Law

The report of the fourtcenth session of the subcommittee
recognized that the Unitet Nations Charter, the Outer Space
Treaty, and the International Telecommunication Convention
with its Radio Regulations had established general limits
within which direct broadcasting would have to evolve.36

Left unresolved, however, was the issue whether the draft
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principle regarding the applicability of international law
should state that direct broadcasting '"should be" conducted
in accordance with generally recognized rules or whether such
a provision should impose on states the obligation to ensure

the compliance of activities within their jurisdiction.37

In
addition, disagreement remained relating to the inclusion among
the principles to be applied of the Universal Declaration of
Human Rights, the International Covenant on Civil and Political
Rights and the Declaration on Principles of International Law
Concerning Friendly Relations and Cooperation Among States.38
Article III of the 1967 Outer Space Treaty appears to
resolve tiie first\ﬁgestion by obligating states who are partic-
to the treaty to conduct activities in outer space in accordance

39 Consequently, the obligation of

with international law.
states to comply with international law would not be diminished
by omission of an e¢xpress statement of the obligation. Thus,
the decision of the subcommittec at its fifteenth session to
endorse non-obligatory language does not seriously limit the
legal impact of the draft declaration ultimately approved hy
cpuos. 40

Although the inclusion of general references to the
Universal Declaration of Human Rights, the International
Covenant on Civil and Political Rights, and the Declaration
of Principles of International Law Ccncerning Friendly Relations

and Cooperation Among States could be justified as an additional

step toward the establishment both of a liberal reginme for

direct broadcasting which would facilitate educational application
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and of customary rules regarding an international obligation

to protect human rights, the practicalities of international
negotiation in .the present case seem tou indicate that reference
will be made only to those principles particularly relevart

to the direct broadcast controversy, namely sovereignty, non-
intervention, and the free flow of information. In order to
facilitate establishment of a consensus, the subcommittee

agreed in 1976 to substitute the phrase 'the relevant provisions
of . . . international instruments relating to friendly relations
and co-operation among States and to human rights" in place of
41

reference to specific instruments as previously proposed.

3. Rights and Benefits

At the 1974 session of the Working Group, *he participating
delegations agreed that all states have an equal right to
conduct or authorize direct broadcasting, and that all states ‘
are éntitled to share in the benefits of the new tecnnology, x
regardless of their degree of economic or scientific development.42
The sharing of benefits thus foreseen was to include increasing
opportunities for access to direct broadcast systems, based

43 The

on specific agreements between the states concerned.
basic consensus was not uisturbed at the fourteenth session of
the Legal Sub-Committee. Two sub-issues were, however, left

44 First, some delegations advocated inclusion of

unresolved.
a provision limiting direct broadcast activities to either
i
governmental agencies or entities under government supervision. |
H
?

The inclusion of such a provision would be important to the
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imposition of the international liability of states, and

would therefore be an essential par of any regime designed to
impose enforceable restrictions on pregram content. In all of
its proposals, tke Soviet Union ha: cons‘stently sought to
restrict direct broadcast activities te thd:e entities controlled

45 The Uaiced States has

by their respective governments.
resisted such attempts in order to preserve the use of direct
broadcast satellites for commercial programming. A second sub-
issue arose regarding whether the right of eqritable sharing

in the benefits of direct broadcasting shonld be stated in

46 The subcommittee reached

obligatory or normative terms.
agreement at its 1976 session based on normative rather than
obligatory language and on the deletion of express references
to both supervision by governments ard activities of individuals
in outer space.47

4. International Cooperation

Strong recognition was given to the principle of inter-
national cooperation in the report nf the fifth Working Group
which described corporations as a 'touchstone for the development
and use of direct television broadcasting by satellite,'" and
called upon states and international organizations, both
governmental and non-governmental, to make every effort to
enhance the capabilities of interested states to také advantage
of direct broadcast technology.48 Disagreement surfaced; however,
in Legal Sub-Committee discussions regarding the application

of the principle. Some delegations argued that direct broad-

casting should be "based on" international cooperation, while
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others advocated a regime in which direct broadcasting would

"encourage' international cooperation.49

The former position
was consistent with the Swedish-Canadian position that
international cooperation is essential to the realization

of the educational potential of direct broadcasting, and

that any set of governing principles should include a

general prior consent provision. The position that direct
broadcasting should "encourage" international cooperation
expressed optimism regarding the educational value of direct
broadcasting, but did not mention -- and presumably implicitly
rejected -- the principle of prior consent. A compromise

was reached at the fifteenth session of the Legal Sub-Committee
which provided that direct broadcasting activities '"should

50

be based upon and encourage international co-operation."

§. State Responsibility

" A consensus was also obtained b~ the fourteenth session
of the Legal Sub-Committee on the issue of state responsibility.
The delegations at the fifth Working Group had agreed that
states should bear international responsibility for direct
broadcast activities as described in Article VI of the Outer
Space Treaty.51 Beyond that point disagreement on the issue
surfaced. Some delegations argued that a state should bear
inter.ational responsibility for all activities carried out
by its nationals, regardless of whether the government had
any authority under its constitution and laws. Other delegations
rejected that argument, contending that the advantage of such

a principle would have made states internationally liable
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for the content of programming, a r- 11t which would have been

unacceptable, especially for those states whose broadcasting

entities were not subject to state control.52
The Legal Sub-Committee's drafting group resolved the

disagreement and achieved a complete consensus regardinz the

question of state responsibility for di-ect broadcasting.

Building on the foundation laid in the Outer Space Treaty,

the draft principle accepted by the drafting group would

impose responsibility on a state to ensure that all activities

carried out by the state or under its jurisdiction are conducted

53

in conformity with the whole set of draft principles. Where

direct broadcasting is carried out by an international

organization, international responsibility would be borne
both by the organization and by individual member states.54
The essential elements of this agreement were not altered by
the negotiations of the subcommittee's fifteenth session.55

6. Duty and Right to Consult

At thc conclusion ¢f the fourteenth session, no consensus
was established on conflicting proposals regarding consultation
between states with respect to direct broadcasting. The
subcommittee reported two alternative proposals.s6 The first,
supported mainly by potential "receiving" states, would have
authorized a state which had rcason to believe that its
interests would be adversely affected by the direct broadcast
activities of another state to request consultations with the

broadcasting state. Under that approach, the broadcasting
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state would have been required to enter into appropriate
consultations without delay. The second alternative would
have provided that any state whith received a request for
consultation regarding the direct broadcast activities of
either should agree to commence such consultations without
delay. At its fifteenth session, the subcommittee was able
to reach agreement on a draft principle which parallels the
57

second alternative described above.

7. Prior Consent

The most difficult problem in the resolution of the direct
broadcast controversy is the prior consent issue. At the
close of the fifth session of the Working Group, the delegations
remained divided into three main factions on the issue of
prior consent, with the largest group favoring a legal regime !
granting the receciving state the right to deny its consent. :
That group argued that prior consent is consistent with the
recognized right of each state to regulate its own communica-
tions system, and that a prior consent regime would avoid
contravention of national broadcasting legislation.58 The
same faction also noted that the international community had
already adopted the principle of prior consent when it adopted
Article 7, §428A of the ITU Radio Ragulations at the 1971
WARC-ST Confercnce.Sg |

The second major group maintained that a clear distinction

must be drawn between direct broadcasts intentionally transmitted

e e e

te a foreign state and those received there as a result of

Els
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unavoidable spillover. In the first case, it was argued,
prior consent should be required, because the principle of
sovereignty gives each state the right to determine the form
of its own political, economic and social systems, and therefore,
the flow of information in its territory. Further, the
inequality of opportunity to use direct broadcast technology
strengthens the need for the protection which would be provided
in a regime based on the concept of prior c0nsent.60
The third major faction rejected the principle of prior
consent altogether. These delegations argued that the right
of prior consent would give the receiving state the authority
to veto the transmission of any given program, thereby pro-
gressively undermining the principle of the free flow of
information contrary to Article 19 of the Universal Declaration

61 15 addition, the imposition of a regime

of Human Rights.
baséd on prior consent would inhibit full realization of direct
broadcast technology, particularly for domestic systems, if
the principle were applied to spillover.62

When the Legal Sub-Committee adjoined its fourteenth
session, two main positions on the questions of prior consent
remained. Proponents of the first position would prohibit
direct broadcasts to any state unless that state had consented.
If consent were given, thé conscnting state would have the
right to participate in activities related to coverage of its
territory. These consent and participation principles would

not apply, however, where coverage of the foreign state

resulted from technically unavoidable spillover as defined in
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63

the ITU's Radio Regulations. This position appears to

correspond to the principles proposed by the Swedish and Canadian
delegations to the fourth session of the Working Group.64
The second faction rejected the principle of prior consent,

preferring instead a legal regime based on an undefined founda-

65 The sole concrete

tion of participation and cooperation.
element of cooperation approved by the second faction called
upon the broadcasting state to consult with any receiving
state on the request of the latter; however, the principle
proposed would call for such consultations only with respect
to restrictions imposed by the broadcasting state.66

During the 1976 session, the subcomnittee was unable to
report any progress. The reports of the fourteenth and
fifteenth sessions contain identical sets of two alternative

draft principles.67

8. Spillover

On the spillover issue, two main positions remained at
the end of the Working Group's fifth session. The first group
argued that since some spillover would be unavoidable, inter-
national principles should be elaborated to minimize international
conflict. The other faction responded that technical develop-
ments might eliminate most problems created by spillover before
individual reception in spillover areas will have become
possible, thus obviating the need for a legal framework to
resolve spillover disputes, particularly when technical pro-

cedures are already available under the auspices of the ITU.68
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During the fourteenth session of the subcommittee, these
positions Crystallized somewhat. One position would require

the broadcasting state to use "all technical means available

to reduce, to the maximum extent practicable, the radiation

over the territory of other countries' unless a prior agreement
has been reached between the broadcasting and receiving states.69
The other position would impose no requirement, but merely
states that "all reasonable means should be used to reduce to
a minimum any unintended radiation of the territory of other

70 The latter position is consistent with the

countries.
unlimited regime advocated by the United States, while the
former would be an integral part of the prior consent regime
proposed in the Swedish-Canadian drafts.

Some movement on the spillover issue was evident at the
1976 session. Previous session reports had incorporated a
separate draft principle covering the spillover question.71
During the fifteenth session, the separate spillover principle
was deleted, and its suustance was incorporated into the
Alternative A of the proposed consent principle which would
permit the receiving state to deny its consent to direct

broadcasts.72

9. Program Content

Another key issue upon which the delegations were unable
to establish a consensus was the question whether a set of
international principles governing direct broadcasting should

proscribe certain categories of program content. One group
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of delegations argued that any such legal regime should
combine a prior consent provision with an obligation to
exclude from direct broadcasts programs which would threaten
international peace, or which would promote war, militarism
or social hatred, or which would undermine the foundations

73 The listing of programs

of the local civilization in any way.
to be banned resembled those contained in both the Soviet
Union's 1972 draft convention and its 1974 draft declaration of
principles.74
The second main position was similar to that advanced
by the Swedish and Canadian delegations in previous sessions.
The report of the fifth Working Group noted that some delegations
had espoused the view that because of political, eononomic,
social and cultural differences among states, the establishment
of general principles or objective criteria for applying those
prihciples would be very difficult, if not impossible. Further,
it was argued that the inciusion of a principle of prior
consent in a lcgal regime governing direct broadcasting would
render restrictions on program content unnecessary, particularly
if prior consent were complemented by a principle providing for
participation of the receiving state.75 The related view was
expressed that, if the conduct of direct broadcasting was to be
governed by the key principle of international cooperation, the
inclusion of limitations effectively dictating program content

would be inappropriate.76
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During the Legal Sub-Committece debates, the American
position merged with the Swedish-Canadian positions despite
the conflict between the two on the question of prior counsent.
They proposed a principle calling for cooperation between states
with respect to programming, program content, production and
exchange of programs.77 The fourteenth session report also
notes a position, like that advocated consistently throughout
the debates by the Soviet delegation, which would require states
to exclude, regardless of other agreements, programming material
which: 1) is detrimental to the maintenance of international
peace; 2) publicized war, militarism, nazism or racial hatred;
3) is aimed at interfering in the domestic affairs of other
states; or 4) undermines local culture in any way.78

During the Working Group debates regarding program content, i
the question of the permissibility or commercial programming |
or deertising arose. One faction supported the view that
to the extent direct broadcast advertising created a demand
in the receiving state for a particular product or in any
other way gencrated conditions unfavorable to local industry,
such programming would be undesirable and should be permitted %

78 Other

only when expressly permitted by the receiving state.
states argued that no distinction should be drawn between
advertising or commercial programming and any other category

80 The same positions were taken in the

of program content.
Legal Sub-Committee, with the result that a third disputed

paragraph relating to program content would permit commercial
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advertising only on the basis of prior agreement; was incor-

31

porated in the session report. During its 1976 session, the

Legal Sub-Commitcec was unable to achieve progress on any
aspect of the program content issue.82

10. Unlawful or Inadmissible Broadcasts

Closely related to the questions of prior consent and
program content is a draft principle defining unlawful or
inadmissible broadcasts. The first clause of the draft principle
reported by the subcommittee is taken verbatim from Article VI
of the draft principles presented to the fifth session of the

Working Group by the Soviet delegation.83

It provides that

the international liability of states arises when either
broadcasts are conducted without the express consent of the
receiving state, or the broadcasts contain proscribed material,
or when unintentional spillover is compounded by the broad-
casting state's failure to enter into appropriate consultations

with the receiving state.84

The draft principle again drew
from the Soviet proposals to the fifth Working Group when it
authorized the receiving state to take any remedial measures
recdgnized as legal under international law, without placing
any priority upon negotiation, conciliation, arbitration or any
of the other conflict resolution techniques preferred in the

United Nations framework.85

The states which opposed a direct
broadcast regime based on program content limitations or prior
consent, and consequently opposed outlawing any broadcast,

rejected the draft principle in toto.

ORIGINAL PAGE IS
242 OF POOR QUALITY

s g st b e e G )

o

T



-101-

C. Prospects for Resolution of the Direct Broadcast Debates

When the direct broadcast debates began in 1963, they
were not characterized by any special sense of urgency, since
direct satellite broadcasting was neither technologically nor
economically feasible in the foreseeable future. Since then
the pressure to impose international controls to prevent potential
abusive applications of the technology has increased sharply,
primarily because of rapid, highly visible technological progress.
NASA's experimental communication satellite programs, especially
those using Application Technology Satellites (ATS) 1, 3, 5
and 6, and the operational successes of the Intelsat system
have been particularly instrumental in overcoming technclogical

86 These experiments, combined

barriers to direct broadcasting.
with ambitious plans for more advanced experimentation, including
the ‘Indian-American SITE experiment and the Canadian-American

CTS projects,87 have motivated other countries to develop their
own experimental or operational direct broadcast programs.

At the Panel Meeting on Satellite Broadcast Systems for Education
convened by CPUOS in Tokyo in April 1974, Japan announced

that it would launch an experimental direct broadcast satellite

88

in 1976, and the Canadian and Brazilian delegations outlined

pians to launch new domestic satellites to facilitate communi-

89 The French

cations with their vast, remote hinterlands.
delegation offered free time on its Symphonie satellite to

. . . . . 90
French-speaking African nations for educational programming,

and the European Space Research Organization announced plans
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to establish an operational regional broadcast syster by 1980.91
Indonesia and Iran announced long-range preparations for
educational television broadcasting via satellite, and Malaysia
discussed its program to install 5,500 television and radio
receivers and 2,000 electric generators in rural locations

in order to improve its national educational system.92

Although
the Malaysians plan to rely on terrestrial distribution, they
could become users of the .Jananese satellite if costs prove to
be sufficiently low.

Although the technological developments justify some
international institutional response, the magnitude of the
response seems disproportionately large in comparison to the
imminence of potentially abusive application. Extmination
of the United Nations debates in direct broadcasting indicate
the presence of three factors which have disrupted the processes
which normally operate to establish an equilibrium between the
forces which motivate technological development and those
which support the creation of a regulatory institution to
control abuses of the evolving technology.

The first of these is the failure to gauge accurately the
relationship between specific experimental developments and the
final technical configuration of a direct broadcast system
which could be used for the purposes cited by proponents of a
restrictive international legal regime. For example, the report
of the first Working Group concluded that <atellite transmission

of television signais direct to unaugmented home receivers
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was '"'not foreseen for the period 1970-1985," because present
technology did not possess the means to transmit sufficiently
poverful signals from satellites.g3 A number of governments
erroneously interyreted thic statement at future meetings of
the Working Group to mean that telecasting directly to home
installations would begin in 1985. Actually, the Working Group
concluded that it would not be economically practical at any
time before 1985, and pernhaps not for some time after that.94
National position papers submitted to later sessions of the
Working Group based their analyses of the direct broadcast
issues on the figures established during the first session.
Not always accurate, the initial findings alarmed those nations
concerned about propaganda and cultural imperialism, and may
have added a note of urgency to their draft recommendations for
the Working Group.

‘The second factor which has upset the normal equilibrium
between technological and regulatory interests is the failure
to assess realistically the limitations imposed on operational
direct broadcasting by ecconomic factors. In those more
developed countries which have equipped themselves at great
cost with an extensive terrestrial network for the distribution
of telcvision programming, transition to operational use of
direct broadcast satcllites would cntail a radical realignment
of the existing distribution patterns. In the United States,

for example, transmission to home receivers would eliminate

the need for local television stations, the common carrier land
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lines connecting the local stations with the central program
production facilities of the major television network organi-
zations and cable television companies. Understandably,
therefore, special interest groups have opposed the use of
direct satellite broadcasting for national programming. Until

a reliable economj. analysis balancing the cost of the necessary
realignment against the benefits of a direct broadcast network
has been made, countries already possessing extensive television
distribution networks are not likely to make a rapid transition
to direct broadcasting.

For those reasons, the newly evolved technology will
probably be most bencficial tv the less decveloped countries.
Such states generally have television broadcast facilities
which serve only a few major cities. The construction of a
comprehensive national network using conventi~nal ground
facilities is often economically unfeasible due to the present
cost of hardware. The broadcast satellite can dramatically
reduce these costs, especially when serving a large geographic
area, difticult terrain, or a widely dispersed population.95
In addition, a direct broadcast television network could
become operational in a fractio» of the time necded to construct
a terrestrial system based on cable and microwave. Both of
these factors rccommend direct broadcasting to such nations
as Brazil, India and Indonesia, where topographical features
prevent the construction of truly national television systems.

Once operational, a direct broadcast system could contribute
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significantly to national development by facilitating national

integration and improving the quality of the country's educa-

tional system.96 In addition, users of direct broadcasting

would probably reap other less direct benefits, including

national economic development anu .iccess to foreign and

international information respurces.

Despite
derived from
not yet have
systems, two
use by those

broadcasting

the relatively large range of advantages to be
direct broadcasting by those countries which do

an extensive investment in terrestrial distribution
main economic impediments still delay operational
countries. First, the cost of operating a direct

satellite system will still remain prohibitively

expensive for individual less developed countries. At the

United Natioas Panel Meeting on Satellite Broadcasting Systems

for Education, sponsored by CPUOS in Tokyo during February

and  March, 1974, the UNESCO representative presented an analysis

of the financial requirements for satellite broadcasting,

concluding that a viable system dedicated exclusively to

educationzl television would require a population base of

100 million,

assuming a gross national product or $200 per

capita.97 He further noted that other combinations of popula-

tion and income could lead to viability, and that Iran, for

example, could su_port a viable direct broadcast educational

network with

a population of thirty million, but a §1,000 per

capita income.:’8 By the same formula, if the annual per capita

income were $100 -- the prevailing income level of many African
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and Asian nations -- it would take a population of 200 million
to support the satcllite system. Ir these cases, therefore,
the introduction of satellite television will depend upon

99 on the use

cooperative arrangements on a regional basis,
of multipurpose satellites capable of telephone and data
switching, as well as television broadcasting, and on inter-
national financial and technical assistance.

The second economic factor is the shortage and high cost
of ground receivers. At present, few Third World states have
an adequate number of receivers to make any form of television
broadcasting useful. In Asia, for example, only Japan and
Singapore have enough television sets per capita to meet the
minimum standard established by UNESCO as necessavy if television

100 The shortage

is to serve as a useful educational tool.
of standard receivers is compounded by the fact that, at the
current state-of-the-art, standard ground rzceivers require
extensive augmentation to pick up the relatively weak signals
transmitted by the satellites now in orkit. Augmentation
increases the price of both individual receivers and the entire
receiver network.

The report of the first Working Group estimated the cost
of modifications to standard tele)ision receivers necessary
for use as community receivers at $150, while the cost for
modification of home receivers was estimated at $40 - 5270.101

The high cost of the receivers places them beyond the reach

of the vast majority of individuals in nearly every country.
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Hence, in the absence of substantial governmental assistance,
economic factors will prevent the establishment of a network

of receivers which is both capable of receiving signals
broadcast directly from outer space and large enough to justify
the enormous investment nceded to establish the space segment
of a direct broadcast network. The necessity of governmental
assistance in establishing the receiver network facilitates
governmental control and hence provides added protection against
potentially abusive application.

The third factor disturbing the balance between technolo-
gical and regulatory pressures is the failure of direct
broadcasting antagonists to understand the extent to which
existing technical regulations pcrform the functions of the
proposed international legal principles. The most important
examples are the ITU regulations which restrict satellite
telecasting to frequencies several times higher than those
normally used by standard television receivers,lo2 and those
which require the broadcaster to use all means technically
availablc to reduce as much as possible the signal radiation
over the territory of other countries in the absence of an

103 The first group of regulations

agreement to the contrary.
increases the complexity and, therefore, the cost of the
necessary receivers, thus rcinforcing the cconomic factors
limiting the application of direct broadcast technology. The
second group is arguably identical in effect to the prior
consent regime supported by advocates of a restrictive approach

to the technology.
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An international consensus on principles to govern direct
broadcasting should strike an effective balance between the
interests motivating technological progress and those advocating
a restrictive regulatory response. At present an imbalance
exists in favor of regulation, with the consequences, first,
that the implementation of the technology is likely to be
deterred, and sccond, that agreement in the international
area is unlikely until an equilibrium is established. While
policy considerations may dictate some regulation at this time,
any regulatory scheme should reflect a realistic assessment
of the impediments to technology applications already established
by technical and economic factors and existing regulation.
Although the delegates to the fifteenth session of the Legal
Sub-Committee were unable to recach a consensus on the key
issues of prior consent, program content and spillover, the
foundation for corpromise seems to be present, and an effective
accommodation of the coumpeting interests upon that foundation
should bring to fruition attempts to establish preliminary
international regulatory structures to divect the development
of direct broadcast technology.

Negotiations in the Working Group and the Legal Sub-
Committee have failcd thus far to reach agreement on the key
questions of prior consent, program content, spillover and
cqual access,lo4 and the resolution of these points of conflict
would make possible the establishmont of a consensus on a
full range of gereral principles to guide vhe development of
direct broadcast technology. The evolution of national
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positions during the fifth session of the Working Group and the
fourteenth and fifteenth meetings of the Legal Sub-Committee
suggests that agreement will be reached in the next few years
on a set of principles designed to protect the interests of

those states concerned with direct broadcasting's potential

for abuse without imposing undue restriction on, and consequently

delaying, the development and operational implementation of
the technology. The discussion below projects probable bases
for compromise derived as a result of examination of the key
points of conflict remaining after the May 1976 session of the
Legal Sub-Committee.

1. Limited Prior Consent

The growing pressure for protection against real or
imagined abuses of the technology suggests that the final
declaration of principles probably will center around a
provision which would permit direct broadcasting only when the
receiving state has given its express consent. Nearly every
proposal before the Working Group and the lLegal Sub-Committee
has recommended the establishment of a prior consent regime,105
and the United States has been the only major dissenter.

Three main arguments have been raised against the adoption
of a prior consent rule. First, prior consent is said to
abrogate the principle of the free flow of information embodied
in the Universal Declaration of Human Rights and other inter-

106

national instruments. However, the principle, even if

established as binding upon all nations, is not absolute. In
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the International Covenant on Civil and Political Rights, for
example, Article 19(2) delineates the free flow principle. In
the third paragraph of that article, however, certain restric-
tions are permitted, including those for the preservation of
the rights and rebutation of others, and the protection of

the national security, the public order, and public health

and morals. Also imposing limits on the free flow principle,
Article 20 provides:

1. Any propaganda for war shall be prohibited
by law.

2. Any advocacy of national, racial or religious
hatred that constitutes incitement to dis-
crimination, hosti%%;y or violence shall be
prohibited by law.

Thus, the argument that the principle of free flow of informa-
tion would be improperly abrogated by a principle granting
a receiving state a right of prior consent may exaggerate the
scopé and legal significance of the principle. A better
approach would be to provide for a flexible balance with
other principles.108
The second major argument against the prior consent
principle is that any restrictive regulation is, for the
near future at least, premature. The problems likely tc¢
arise with the use of direct satellite broadcasting cannot
be effectively cvaluated at this time, first, because the
necessary technology is not yet adequately developed, and

second, because no country has concrete plans to deploy an

operational system capable of broadcasting directly to
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unaugmented receivers.109

That argument could be allayed
significantly by the decision to approve a declaration of
principles rather than a binding treaty.

Another argument against prior consent is that although
such a rule would dispel fears of intrusive transmissions,
it could also frustrate the development of direct broadcasting

110

technology. Rejection of prior consent, however, seems

equally likely to hinder rather than promote technological

111 The United States, for example, is interested

development.
primarily in broadcasting by commercial entities. If these
entities intend to broadcast normal commercial programming
based on advertising, most receiving states seem unlikely to
take the steps necessary to make direct broadcasting commer-
cially feasible, especially by encouraging production and
installation of augmented receivers. If these elements are
absent, direct broadcasting based on commercial programming
would remain unprofitable for some time. If, on the other
hand, broadcasters would provide only educational programming,
direct brecadcasting could become profitable, but only under
contract with the receiving state. In that case, however,
the receiving state would undoubtedly insist on some control
with respect to frequencies used, broadcasting time, and at
least to some extent, over the nature of the programming.

By accepting a prior consent rule, the United States
could expect to derive important benefits, including the

creation of an atmosphere conducive to early widespread
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implcmentation of operational direct broadcasting. The
establishment of such a rule would facilitate bilateral and
multilateral exchanges leading :ventually to the creation of

112 In

regional organizations for satellite broadcasting.
addition, the United States could expect to gain support from
those countries which traditionally support the free flow of
information, but which have advocated a prior consent rule to
prevent the imposition of one country's values on others through

113 Finally, rapid implementation would

direct brvadcasting.
maximize the benefits the United States expects to derive from
the export of direct broadcasting hardware and technical
assistance.

The acceptability of a prior consent regime to proponents
of the free flow principle is also dependent upon the content
of other components of the legal regime. The Soviet Union,
for example, has consistently tied its prior consent proposal
to principles limiting program content.114 The Swedish-Canadian
proposals have omitted any mention of program content, preferring
to leavc any limitations to specific agreements between the
broadcasting and receiving states 115 Since the negotiations
necessary for a prior consent regime would probably give the
receiving state some control over content, the Swedish-Canadian
approach seems likely to prevail, because it gives a.!~nuate
protection against offensive programming, while avoiding the
difficult and excessively time-consuming process of negotiating
a set of limits on program content which would be both effective

and universally acceptable.
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The Swedish-Canadian prior consent rule has, however,
been criticized as giving inadequate protection to the free
flow of information, because it fails to place adequate limits
on the receiving state's right to deny its consent. As presently
drafted, the joint proposal would apparently permit the
receiving state to withhold its consent arbitrarily and without
any obligation to consider the principle of free flow of

information.116

In addition, the Swedish-Canadian recommen-
dations seem to permit the receiving state to withhold its
consent on a program-by-program basis. Such an extensive right
of review would permit prior restraint on free speech and
would, by permitting official examination of each progranm,
unnecessarily burden the flow of information across national
borders.117
Two sets of limitations on a strict prior consent rule
will probably result from the pressure to preserve an atmosphere
conducive to technological progress. First, where the broadcast
signal is not artually receivable in the receiving state with
available equipment, consent is not likely to be required.118
Second, the negative effects on the free flow of information
of an unlimited consent reguirement could be mitigated by
tailoring the requirement closely to the optimum balance between
the free flow of information and the purposes for conditioning
the right to broadcast on the receiving state's consent. The
1972 UNESCO declaration on guiding principles for direct broad-
casting distinguishes among four main categories of programming,

and recommends basic principles for each type. Article V(1)
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declares that the main objecctive of direct broadcasting with
respect to the free flow of information is "to ensure the widest
possible dissemination among the peoples of the world, of

news of all countries, developed and developing alike.119
The second paragraph of Article V imposes no requirement on
news broadcasts other than to make every effort to ensure
factual accuracy and to identify the source of the news
broadcast and, where appropriate, of particular news items.120
In the case of direct broadcast news programming, the receiving
state's right to consent will be limited to the right to

demand assurances of the factual accuracy and identification

of news sources.

Article VI of the UNESCO declaration establishes the right
of the receiving state to determine the content of educational
programming broadcast via satellite to its people and, in
cases where such programming is produced in conjunction with
other countries, to take part in the planning and production

on an equal fuoting.lz1

The receiving state's interest in
preventing propagandistic or otherwise offensive programming is
strongest with respect to educational programming. In that
area, receiving states will probably secure a relatively
unrestrained right to deny their consent.

The interest of the receiving state is somewhat weaker
in the case of cultural programs, including artistic performances
and sporting events. In such cases, the UNESCO declaration

called for a balance between the enrichment of all cultures

through cultural exchange, while respecting the values of each
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culture and the right of all peoples to preserve their cultures

122 Debates in the

as part of the '"common heritage of mankind."
Legal Sub-Committee suggest the evolution of a consensus on a
provision permitting the receiving state to deny its consent
to cultural programming only where it can demonstrate that sub-
stantial harm to its own culture would result from transmission
of the challenged program.123
The final programming category delineated by the UNESCO
declaration related to commercial advertising. Implicitly
recognizing the potentially disruptive influence of consumer-
oriented advertising originating in more advanced societies,
the UNESCO declaration called upon the broadcasting state to reach
a specific agreement with the receiving state prior to the trans-
124

mission of commercial advertising. Since advertising is one

of the programming areas most threatening to less developed
states,125 and since the free exchange of advertising is less
essential to values underlying the free flow of information than

126 the establishment of a relatively

other types of programming,
unrestricted right of the receiving state to deny its consent
appears probable. The inclusion of a principle giving the receiv-
ing state the right to deny its consent--subject to the conditions
described above--to direct satellite broadcasts would provide

an optimum balance between legitimate interests in both the free

flow of information and national political and cultural integrity.
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2. Spillover

Another criticism of the prior consent rule is that it
would interfere with direct broadcasting by giving the right to
deny consent not only to the intended receiving state, but also
to any neighboring state inadvertently irradiated by the satellite.127
Initially, spillover is not likely to be a major source of fric-
tion because the first direct broadcast systems will probably
be national systems in large, underdeveloped countiies, followed
shortly by regional systems based on regional linguistic and cultural
similarities.128

Once spillover beccmes a source of conflict, however, the
undesirable effects could be limited through the exercise of control
by the government of the receiving state over community receivers.
That solution, however, carries scveral undesirable consequences.
First, the cost of avoiding the effects of spillover would be

129 The costs include not

borne.entirely by the receiving state.
only the financial cost, but also the political costs of appearing
to impose censoiship for the benefit of the government. Second,
government control of receivers would tend to subjugate freedom of
information to direct and indirect assertions of national security
interests.130
The Legal Sub-Committee is more likely to place the burden of
reducing spillover on the broadcasting state, thereby providing
some protection to the spillover states, while reducing the incen-

tive for receiving states to exert internat.onal political pressure

for broader restrictions. The growing consensus is based primarily
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on Article 7, S428A of the Radio Regulations adopted by the ITU

at its 1971 convention. Pavagraph 428A requires the broadcasting
state to reduce spillover to the maximum extent practicalile unless
a prior agreement has been reached between the broadcasting state

and the states receiving spillover.131

Building on that founda-
tion, the Swedish-Canadian proposal to the fourth and fifth
sessions of the Working Group provided that the right of consent
shall apply in those cases:

(a) where coverage of the territory of a foreign

State entails radiation of the satellite signal beyond

the limits considered technically unavoidable under the

Radio Regulations of the International Telecommunication

Union or

(b) where notwithstanding the technical unavoid-
ability of spill-over to the territcory of a foreign

State, the satellite broadcast is aimed specifically at

an audience in that State within the area of spill- .

over .

_ The Legal Sub-Committee could yield to pressure by the United
States to extend the Swedish-Canadian proposal so that the limited
prior consent rule as described above would apply in all cases
except where:

1) the elimination of spillover is considered technically
impossible under the present state of the art, as deter-
mined in accord with the ITU Radio Regulations;

2) the direct broadcast system is entirely domestic in
character; or

3) the broadcast, although irradiating a part of the
complaining state's territory, is not actually receivable
using standard or easily augmented receivers readily

2 . . . lb
available in the area irradiated. | omeAL PAGE
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A second paragraph would restore the right to deny consent wnere
the spillover broadcast was aimed specifically at an audience
within the receiving state. A third paragraph taken frem the
Soviet draft declaration submitted to the fifth session eof the
Working Group could be added to the spillover article to ensure
that international cooperation and consultation will govern the
relations between broadcasting and receiving states with regard
to spillover:

1. If any State has reason to believe that activi-
ties connected with direct television broadcasting
planned by that State will cause potentially harmful
interference to other States or will lead to uninten-
tional radiation of their territory, it shall hold
appropriate consultations before undertaking such
activities.

2. If a State has reason to believe that uninten-
tional radiation of its territory will occur as a
result of direct television broadcasts by another
State, it may request that appropriate consultations
be held. If, as a result of such unintentional radia-
tion, foreign programmes can be received in the
territory of a State by ordinary receivers or by
receivers fitted with sinple additional devices, the
broadcasting State shall immediately enter into con-
sultations with the former State on its request 133
regarding the content of the programmes received.

Partieipation or Equal Access

A further controversial issue is the question whether
receiving states should participate in the use of direct broadcast
cystems. The 1972 UNESCO declaration of principles for direct
broadcasting set forth the right of the receiving state to
participate on zn equal footing with any other state in the pro-

duction of education2l programming uestined for the receiving
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state.134

The Swedish-Canadian draft declaration submitted to the
fifth session of the Working Group went further, giving the
receiving stateé not only the right to deny its consent to satellite
broadcasting, but also to participate in activities related to

135 It has further been

programming broadcast into its territory.
proposed that all states receiving broadcasts should have the right--
in law and in fact--to have access to the system on an equal foot-
ing, including the righis of access to transmitters and to suffi-
cient international assistance to enable those states to make
meaningful use of the access rights.136
Both the UNESCO and Swedish-Canadian participation principles
are intended to enhance the receiving state's ability to intluence
the programming broadcast to its citizens. In Article VI(2),
the UNESCO version gives the receiving state the right to parti-
cipate on an equa. footing in the planning and production of pro-
graﬁming, but only as an adjunct to the provision proclaiming the
right of the receiving state to determine the content of educational

programming.137

Ry including its participation provision in the
general prior consent paragraph, the Swedish-Canadian draft
declaration extends the right to participate to encompass all types
of programming and all stages of programming activities.138
The inclusion of a right of participation for the purpose of
ensuring the receiving state's power to affect the content of
broadcasts beamed to it would alter the balancé in favor of those
interests demanding that the receiving states' cultural and politi-
cal integrity be protected against the intrusion of unwanted foreign
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broadcasting over the interests in realizing the benefits of direct
broadcasting through operational use. As a result, operational
application would probably be delayed substantially.

A second rationale advanced for inclusion in the proposed
declaration of a principle permitting the receiving state to parti-
cipate in direct broadcasting over its territory is to give effect

o]
13¢ On numerous

to the principle of free flow of information.
occasions, potential broadcasting states, particularly the United
States, have based their arguments supporting an unrestrictive
regulatory scheme for direct broadcasting at least partially on
the contention that a restrictivc regime would inhibit the free
flow of information.140
Sound policy considerations support the integration of the
free flow principle into the structure of legal principles to
govern direct broadcasting. At present, the two most important
requirements for effective development of satellite communication
technology for operational use are, first, the uninhibited exchange
and testing of information and ideas, and second, the assurance
that the value of investments in development will not be nulli-
fied by the imposition of unnecessarily restrictive regulations
upon innovative systems. A legal structurc designed to promote
rather than inhibit the free flow of information will encourage

designers and planners to explore the potential uses and benefits

of recent technical advances.
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Viewed pragmatically, however, the principle of free flow
of information is reduced to a fiction unless it is coupled with
a second principle calling upon the international community to
promote development of satellites and ground facilities in such a
way as to facilitate access to transmitter and program production
facilities by any state willing to contribute to development and
operating costs. In the absence of an equal access clause,
free flow of information would probably mean a unidirectional
flow from the more developed countries to the less developed. The
principle cf free flow opposes not only unnecessary limitations on
the influx of information frum abroad, but also monopolization

of a medium for ideological purposes.141

That potential imbalance
is the source of the fears of cultural and economic imperialism
expressed by potential receiving states, with detrimental effects
for both international cooperation and technology development.
The inclusion of an equal access provision, however, would both
allay those fears and set in motion a search for means to achieve
the goal of equal access without sacrificing the interests of the
broadcasting states. '
Although an equal access principle is likely to be included
in a declaration of principles, the lack of certainty regarding
the circumstances under which operational direct broadcasting

will be conducted makes necessary a particularly careful choice

of langnage to avoid interference with the balance of interests
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established in the preceding discussions of the prior consent
and spillover provisions. The form of the final participation
provision probably will parallel the principle presented by the
United States in its draft declaration submitted to the fifth
session of the Working Group. This draft entitles every state
to share in the benefits of direct broadcasting and provides
further that such sharing '"should increasingly include, as prac-
tical difficulties are overcome, opportunities for access to

the use of [direct broadcasting] technology for the purpose of

w142 Ao this right

sending as well as receiving broadcasts.
of access becomes available from a practical standpoint, alloca-
tion of transponder time should be made available on a non-dis-
criminatory basis.

Presumably, a receiving state would exercise its right to
obtain transponder time on a non-discriminatory basis at least
initially for the purpose of transmitting its own programming
to its own citizens. Self-sufficiency in that sense is desirable,
and broadcasting states should be encouraged -rovide the tech-
nical assistance necessary to achieve that goal. To impose an
obligation to provide such assistance is, 'owever, unnecessary
since investment in technical assistance would provide a two-
fold return. First, increased interest in direct broadcasting
systems would accelerate demand for the exportation of the
necessary technical equipment and software expertise from the

143

broadcasting states. Second, an increasinz right of partici-
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pation would create a greater community of interests between
broadcasting and receiving states, with the result that the
latter would promote rather than inhibit the operational appli-

cation of direct broadcast technology.
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IT. IMPLICATIONS OF THE CPUOS DEBATES ON EARTH RESOURCES
SATELLITES FOR SPACE INDUSTRIALIZATION

The second set of current activities which is likely to
influence the future development of international space law
centers around the CPUOS debates relating to international principles
to govern the use of earth resources satellitcs. Consideration
of the earth resources satellite issue began with the establish-
ment of the Working Group on Remote Sensing of the Earth by Satel-
lites.1 The CPUOS Legal Sub-Committee devoted a small portion

of its 1977 session to a preliminary review of relevant issues.

Since then satellite remote sensing has had significant attention
in each subcommittee session.

A. Main positions

During the evolution of the satellite remote sensing debates,
three major blocs have emerged. The main tenets of each posi-
tion are represented in a series of three proposals for interna-
tional guidelines for the use of earth resources satellite tech-

nology.

1. Argentina and Brazil: Treaty on Remote Senging

of Natural Resources by Means of Space Technolegy,

Draft Bastie Principles

At the 1974 session of the General Asscembly, the
delegations of Argentina and Brazil jointly submitted a draft
treaty to govern satellite remote sensing.3 The draft is now

co-sponsored and strongly supported in all of its provisions
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by each of the other Latin American delegations represented on
CPUOS: Mexico, Venezuela and Chile. Although a number of
delegations privately express support for the Latin American
submission, only the Latin American delegations have argued
directly for adoption of the draft treaty.

The tone of the draft is established in its preamble, where
it refers both to consequences of the implementation of remote
sensing technology '"which create legal problems that require an
immedtate and equitable solution in the framework of a general
treaty . . ." and to the concept of permanent sovereignty over
natural resources, which allegedly gives a state the sovereign

right to control not only the natural resources located within its

territory, but information regarding those resources as well. The
need for a binding international legal framework is a recurrent
theme in formal speeches and private conversations not only

amoﬂg the Latin American delegations, but among the Third World
and Soviet bloc delegations as well,

The Latin American draft trcaty proposes in Article V to
implement the alleged rights of permanent sovereignty over natural
resources by imposing a duty on any state engaged in earth resources
satellite activities to refrain from gathering data from the terri-
tory of any state which had not consented. In addition, Article IX
would prohibit any state obtaining information regarding the
natural resources of another state through satellite remote
sensing from conveying such information in any manner 'to a third

state, international organization or private entity, without
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the express consent of the [statec] to which the natural resources
belong . . ." If entered into force, these prohibitions would be
strengthened by Article XIII which contains a provision similar
to that in Article VI of the 1967 OQuter Space Treaty4 imposing

on each state the responsibility to ensure the compliance of its
nationals, including commercial entities, with established

rules of international law. Article VI of the Latin American
proposal would permit a party to the draft treaty to take all
measures authorized by international law to protect its territory
against any unauthorized surveillance. Both prohibitions could
interfere with the provision of commercial earth resources

services.

If one party to the proposed treaty authorized another to
gather information recgarding the former's natural resources, the
draf: treaty would provide the former with specified benefits.

In exchange for its consent, Article VII would entitle the
surveilled state to participatce in the satellite remote sensing
activities of the state granted consent on the basis of arrange-
ments made during negotiation of consent, except that as a minimum
such arrangements must include a guarantee that the sensing state
will provide technical assistance to the consenting surveilled
state. In addition, once the latter has given its consent,

Article VIII of the draft would give it the right to full and

unrestricted access to '"all datz obtained through those activities."

That provision does not specify whether or not 'all data" is

limited to data related to the surveilled state's territory.
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However, such an interpretation seems correct, in light of draft
Article IX, which would prohibit the sensing state f-om distri-
buting any earth resources data it had gathered relating to the
territory of another state without the express consent of the
surveilled state.

In summary, the Argentine-Brazilian Draft Treaty would:

1. impose legally binding obligations under international
law;

2. subject satellite remote sensing activities to the
prior consent of the sensed state;

3. subject data dissemination activities to the prior
consent of the sensed state; and

4. require participation and broad-scale technical assis-
tance as consideration for the consent of the sensed
state.

2. France and the Soviet Union: Draft Principles
Governing Activities of States in the Field of Remote

Sensing of Earth Resources by Means of Space Technology

The second proposal currently before the Committee on

the Peaceful Uses of Outer Space was presented jointly by the

5

Soviet and French delegations in May 1974. At present, the

Soviet -French draft declaration enjoys monolithic support from
the Eastern European members of the committee: Bulgaria,
Czechoslovakia, the German Democratic Republic, Hungary, Poland,
and Romania. In addition, the proposal shares with the Latin
American draft treaty the support of a number of non-aligned and
Third World countries including Egypt, Iran, Chad, Mongolia and
Nigeria.

269



-128-

The theoretical underpinning of the Soviet-French draft
resembles that of the Latin American approach, but differing
interests have created some important divergences.

After restating the principles in Article I and III of
the Outer Space Treaty relating to free use of outer space and
comp'iance with international law and the United Nations Charter,
the Soviet-French draft calls upon sensing states to respect
in particular the principles of sovereignty, placing special
emphasis on the right of a state to cxercise permane* . sovereignty
over natural resources as a basic element of self- ‘termia tion.6
However, rather than applying strict prior consent provisions

like that contained in the draft treaty to the gathering of earth

resources data by satellite, the Soviet-French proposal would

implement the concept of permanent sovereignty over natural
resources primarily by granting the surveilled state the right
to deny its consent to dissemination of information related to
its resources to any private party, international organization,
or other government, or using the data in any other manner detri-
mental to the interests of the surveilled state.7 An exception
would permit the sensing state to make public without the consent
of the surveilled state information relating to natural disasters
or phenomena detrimental to the general cnvironment.8

In other respects, the draft declaration is similar to the
Latin American proposal. Article 4 would require the sensing
state to relay data regarding the territory of another state
to the latter on mutually agreeable terms. In addition, the
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surveilled state would be granted the right to participate in the
remote sensing activities of the sensing state on the basis of

9 Finally, the Soviet-French

a consensus between the two states.
proposal would permit any state to receive and process on the
basis of equality and on mutually acceptable terms earth resources
satellite information relating to territory outside the juris-
diction of any state.10
The primary reason for the Soviet Union's opposition tc a

prior consent regime with respect to data acquisition i: that it
intends to expand its activities in the field of remote sensing
and does not wish to be limited by restrictive principles or

treaty provisions. At the 1977 session of the CPUOS Scientific

and Technical Sub-Committee, the Soviet delegation mad: numerous
references to Soviet activities in the area of satellite remote
sensing. The Soviet Union has attempted privately to per-

suade the United States to accept prior consent with regard to
data dissemination in order to ensure ultimate adoption of an
international regime which would not limit data acquisition
activities.

The Soviet position on the question of commercial imple-
mentation of the technology should be carefully monitored, since
the Soviets currently consider the sale of earth resources data
and services to be inappropriate. Although it is possible that
Soviet opposition is based solely on its argument that no legal

basis currently exists for the sale of those items, a more
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credible explanation is ideological resistance to '"capitalist
enterprise.”" In the CPUOS debates on direct broadcast satellites,
the Soviets have proposed that activities by non-governmental
entities be prohibited.

If adopted, the Soviet-French draft declaration would:

1. not in itself impose legally binding obligations on
members of the international community;

2. permit data acquisition via satellite in the absence
of the prior consent of the sensed state;

3. subject data disscmination to the prior consent of
the sensed state: and

4. place participation of the sensed state in the earth
resources satellite program of the sensing state on
a contractual basis between the two states.

3. United States: Remote Sensing of the Natural
Environment of the Earth from Outer Space, Working

Paper on the Develcnhment of Additional Guidelines

In the context of these drafts the United States issued
a working paper based on the considerations that the optimum
benefits from eurth resources satcllite technology will depend
on international cooperation and the sharing and use of data
on a regional and global basis.11 The keystone of the working
paper is the provision in Article I that remote sensing shall be

conducted in

accordance with the principles of the United Nations
Charter, the Treaty on Principles Governing the
Activities of States in the Exploration and Use of
Outer Space, including tne Moon and Other Celestial
Bodies, and other generally accepted principles of
international law relating to man's activities in
outer space.

" ‘E lb
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The reference to the 1967 OQuter Space Treaty is particularly
important in that respect, because it provides the legal
foundation for the United States delegation's resistance to prior
consent in any form. Article I(2) of the Outer Space Treaty
provides:

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 international law,

and there shall be free access to all areas of

celestial bodies.

Thé American delegation has argued repeatedly, first, that this
"free use" principle authorizes all satellite remote sensing
activities in the areas above the vertical limits of territorial
sovereignty, subject only to the requirement that contemplated
uses be peaceful in nature, and seccnd, that a prior consent
requirement would be in direct conflict with the "free use"
principle.

Building on that foundation, Article IV calls upon states
with satellite remote sensing programs to cncourage the broadest
feasible participation in appropriat2 phases of those programs.
In addition, Article V would reguire states receiving earth
resources data directly from satellites to make that data available
"to interested states, intc¢rnational organizations, individuvals,
scientific communities and others on an equitable, timely and
non-discrininatory basis." The same article encourages sensing

states to facilitate sharing of earth resources data by publishing

lists of publicly available data.
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To dispel concerns about mineral or grain futures specula-

tion based on early reception of data, Article VI would require a
sensing state to distribute any data it acquires regarding the
territory of another state to its government as soon as practicable,
and at least as soon as to any state other than the sensing state.
In addition, sensing states would be required under the American
draft to facilitate direct reception of data from earth resources
satellites by other interested states on equitable terms, if
technically possible. Further, Article VIII calls upon sensing
states "within their capabilities to endeavor to assist on an
equitable basis" non-sensing states in understanding the tech-
niques and benefits of satellite remote sensing. Articles IX and X
encourage rcgional cooperation as well as assistance by internationa
organizations for the purpose of facilitating operational
applications of earth resources satellite technology.

The United States working paper ditfers in several signifi-
cant respects from thc two proposals described above. First,
the Argentine-Brazilian submission is a draft treaty which,
if entered into force would be legally binding upon the
signatories. Although the Soviet-French proposal was presented
in the form of a draft declaration, which would be non-kinding
if adopted, a large number of the delegat.ons supporting that
proposal have made refercnce both publicly and privately to
the need for a pinding international instrument, indicating
reasonably strong support in that bloc for a treaty on remote

sensing. In contrast, the United States working paper takes
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a much less concrete approach at least from a legil perspective,
offering instead '"possible operative provisions.'" The starkness
of the contrast is enhanced by the fact that the main issuz of
the debate over the form the final instrument should take is
not whether ic should be a treaty or a declaration of principles,
but rather whether a declaration should precede the treaty
or whether CPUOS shcuid draft a treaty as the initial step.
Most delegations are persuaded that the final instrument wil.
be -- and ought to be -- a treaty. The only remaining question
relates to the presence or absence of intermediate steps.
Second, the United States working paper reiects by omission
the concept of rermanent sovereignty, at least insofar as it
is said to extend to the right to restrict access even to
information regarding a state’s natural rescurces. As a result,
the working ~aper does not subject either acquisition or dissemi-
nation °f carth resources data to the conscent of the surveilled
states. On the contrary, the American draft promotes a policy
of open dissemination of data. That difference is important
in light of the strength of the support for prior consent evi-
denced in speeches and private remarks by representatives of the
members of the Committee on the Feaceful Uses of Outer Space.
Third, the working paper makes repeated reference to broad
intern:.tional participation in the remoe sensing activities
of space powers, technical assistance and regional cooperation.
Although the other drafts make some reference to those principles,
t.e American proposal takes a relatively strong position. The

reasoning is that the defeat of an earth resources regime
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based on pricr consent will only occur if the United States can
demonstrate a strong likelihood that substantial benefits will
inure to other countries if the American proposal is adopted.

Fourth, the proposal submitted by the United States would
not, like the Latin American draft, impose international respon-
sibility on each state for the activities of its nationals. The
advantage of including such a provision in the instrument
ultimately adopted is that it implicitly recognizes and autherizes
non-governmental entities, especially corporations, to conduct
operations in outer snace. The potential disadvantage that the
government would be responsible for enforcing international
legal prohibitions against its own nationals is not a new
disadvantage, since a similar clause appears in Article VI
of the 1967 Outcer Space Treaty. 1If such a provision were
adopted by CPUOS in the context of earth resources technelogy,
the private s~ctor would be able to argue that an international
~onsensus approving commercial satellite remote sensing
activities has been established, and that domestic policy
should oe made consistent with that consensus.

In summary, the United States position is based on the
following mein principles:

1. no prior consent for cither satcllite data
acquisiticon or data disscmination;

to

open dissemination of data to any customer,

3. disscemination to senscd state as soon as to
any other governisent; and

4. broad technical assistance and international
participation.
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B. Current Status of the Earth Resources Satellite Debate

During its fifteenth session, CPUOS Legal Sub-Committee
established a working group on the iegal implications of remote
sensing of the earth from outer space. On the basis of five
"common elements' derived from the draft declaration submitted
by the Argentine, Brazilian, Soviet, French, and American
delegations, as well as from views cxpressed during the sub-

12 the working group formulated

committee's fourteenth session,
five draft principles applicable to satellite remote sensing
during the 1976 session. In addition, the working group

identified three new common elements.13

1. Principle I

As formulated by the Legal Sub-Committee, the first draft
principle provides:

Remote sensing of [the natural resources of the
earth] [and its environment] from outer space and
international co-opecration in that field [shall]
[should] be carried out for the benefit and in the
intercsts of all countries [mankind], irrespective
of their degree of economic or sciertific development,
and taking into consideration, in international co-
operation; t'.e particular needs of the developing
countries.

Principle 1 is based on Article 1(1) of the 1967
OQuter Space Treaty which requires that the usc of outer space
be carried out for the benefit and in the intercsts of all
countries, irrespective of their degrce of economic or scientific
development. The impact of the draft principle on operational

implementation of remote sensing technology is dependent on
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the construction of the parallel language in Article I.14

Some CPUOS delcgations have argued that the treaty language
entitles less developed countries to enjoy the benefits of

earth resources satellite technology cven though they are unable
to conduct independent space programs. If that position

became generally accepted, the range of institutional arrange-
ments available to the United States for implementing a

national carth resources satcllite system on an operational
basis would be limited. In particular, the option to provide
earth resources information services on a commercial basis would
be jcopardized. Because of the potentially adverse consequences
for both national and international interests which could

result from adoption of the restrictive interpretation of
Article 1 of the OQuter Spacce Treaty and Principle I of the

draft declaration on satellite remote sensing, it appears that
all states, including less developed countries, will benefit
most from the combination of organizational and legal principles
which promotc initiation of carth rcsources information services
on an operational basis as quickly as possible to the broadest
range of potential users. If scope and quality of service
provides the basis for international policy in this area, the
restrictive approach would be dysfunctional. llowever, if
national participation is considered by the international
community to be¢ more important than service characteristics,

the interprctation of Principle I urged by the developing

countrics is likely to be adopted. The latter appioach 1is.
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however, not likely to be with the near-term interests of the
entities which decide to invest in the industrialization of
outer space.

The text of the draft principle contains three sets of
bracketed words. The first pair was apparen.ly inserted as
a result of the suggestion by the United States delegation
+hat the scope of the draf. declaration be expanded from
natural resources to include the entirc natural environment.15
In light of the possibility that the final declaration may be
somewhat restrictive in character, an expansion of the scope
of coverage has given rise to some concern in the private
sector. The secend pair of brackets resulted from disagreement
among the CPUOS declegations regarding the strength of the
declaration to be adopted. However, since the final product
is likely to be a non-binding declaration of principles, the
disagreement in this point is not considered significant.

The proposed usc of the word "mankind" rather than the
woid "countries'" in the third set of brackets may well result
in increasing reference to the broader concept of the ''common
heritage of mankind." This broader concept has been embodied
in General Assembly resolutions and negotiations reclating to
the law of the deep seabcd,l6 as well as to the moon treaty
prescntly under consideration by CPUOS,17 and has been used by
less developed countries to assure access on an equitable

basis to the natural resources of both areas regardless of

their ability to exzploit them.18 A parallel construction might
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cnable a statec to obtain satellite-acquired remote sensing
information, repgardless of its ability to pay for the information.
Although mentioned here in the context of the rcmote sensing
satellite debate, the notion that all states should have access
to the products of space activities without consideration of
financial ability to participate in these activities has
potentially adverse implications for all facets of space indus-
triaiization. In particular, adoption of the '"common heritage
of mankind" approach could inhibit commercial participation in

the development of outer snace.

2. Principle II

The second draft principle formulated by the working group
provides:
Remote scnsing of [the natural resovrces of the
. earth] [and its environment] from ou'er space [shall]
[should] be conducted in accordance with international
law, including the Charter of the United Nations and
the Ticaty on Principles Governingy the Activities of
States in the Exploration and Use of Quter Space,
including the Moon and other Ceclestial Bedies.
The language is consistent with and apparently based on the
text of Article IIT of the Outer Space Treaty. In addition,
the text is csseatially identical to the text of the second
common clement formulated during the Legal Sub-Committce's
( .
fourtcenth sossion.lJ The two sets of brackets were included

as a result of the same general positions which necessitated

inclusion of parallel bracketed terms in Principle I.
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In its present form, Principle II would not have any
adverse impact on optimum availability of benefits, unless
either general international law or the terms of a remote
sensing declaration were deemed to include such concepts as
"prior consent,'" ''the common heritage of mankind" and 'permanent
sovereignty cver natural rcsources." To date the United States
has been consistent in its opposition to adoption of prior
consent principles with respect to both acquisition and dis-
semination of satellite-acquired data. The same approach
should be taken with respect to the concept of 'permanent
sovereignty over natural resources,'" which has supplied one
of the main policy foundations for prior consent arguments.

As embodicd in a series of Generai Assembly resolutions, the
concept would give each state the right to control access not
only to its natural resources but to information regarding those
resources as well.20 Although an examination of those texts
demonstrates that the concept has not yet oveen extended that
far, the extension would be accomplished by adopting a principle
similar to that in a working paper submitted by Mongolia during
the subcommittee's fifteenth session which provides.

States participating ia remote sensing should

respect the principle of full and permanent sover-

eignty of all States and peoples over their wealth

and natiral resources as well as their inalicnable

right to dispose of their natural resources and of

information concerning those resources.

Because of the potential inhibiting effect it could exert on

the establishment of an operational earth resources satellite
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system, the concept of permancnt sovereignty should be limited
to its current scope. Opposition to the Mongolian proposal is
also considered important, because such opposition would

undermine suppc~t for the extreme prior consent proposals. As

a result, compromise would be facilitated in other areas.

3. Principle III

As drafted by the Working Group on Remote Sensing at
the fifteenth session of the Legal Sub-Committee, Principle
III provides:

1. States carrying out programmes for remote sensing
of [the natural resources of the earth] [and its
environment] from outer space [should] ([shall] promote
international co-operation in these programmes. To
this end, sensing States ([should] ([shall] make avail-
able to other States opportunities for participation

in these programmes. Such participation should be
based in cach case on equitable and mutually acceptable
terms due regard being paid to elements . . .

2. In order to maximize the availability of benefits
from such remote scnsing data, States are encouraged
to consider agreements for the establishment of shared
regional facilities.

Principle II!l is based on two common elements identified
by the Working Group on Remote Sensing during the fourteenth

session of the Legal Sub-Committce.23 According to the session

report, the dclegations agreed:
1. that the maximum benefits to all countries could
be obtained by international co-operation at all
levels, particularly on a regional basis; and
2. that States undertaking programmes for remote

sensing activities by means of space tsﬁhnology should
encourage international participation.
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The texts of the draft principle and the underlying common
elements raise the question of the meaning of the terms
""cooperation'" and '"participation'" and the relationship between
the two. Article I(3) of the Outer Space Treaty requires
states to '"facilitate and encourage international co-operation
in (scientific) investigations.' Since the term 'co-operation"
is not used again in any operative provision which relates
to activities in outer space,25 it may be construed in the
limited context of Article I(3) relating to scientific investi-
gation. Thus, 'co-operation" is aot necessarily mandated,
except for experimental activities. The Outer Space Treaty
does not give any significant clue to the meaning of '"co-
operation.'" The fact that Paragraph 1 of Principle ITI refers
to the promotions of "international co-operation in (the)
programmes" of sensing states suggests that the working group
equated "co-operation' with "participation.” That inference
is supported by the second sentence of Paragraph I which
establishkes "participation'" as the most important element,
if not the only element, of '"co-operation."

Actual foreign participation in programs conducted by the
United States or its nationals would jeopardize corporate
interests. First, to the extent that the federal government
permits foreign participation, the alternatives for interface
between the public and private sectors are limited. I1f, for
example, tue federal government cooperates in the construction

of an extensive network of readout stations for distribution
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of raw data, it cannot logically support commercial implemen-
tation. Second, foreign participation in profit-oriented
operations would both undermine the commercial basis and
jeopardize United States technological leadership. Similarly,
significant participation in United States programs is likely
to result in international pressure to limit providers of

data and services to activities in their own regions, thus
reducing both competition and the quality and scope of services
available to users.

The United States delegation is not likely to support
deletion of the references to participation, because it has
supported strong cooperation and participation as a means
of avoiding imposition of prior consent principles. In fact,
the draft declaration submitted by the United States delegation
du;ing the thirteenth session of the Legal Sub-Committee
contains the provision that:

States undertaking programmes designed for remote
sensing of the natural environment from satellites

shall encourage the broadest feasible international 26

participation in appropriate phases of these programmes.

Three alternatives for minimizing these difficulties
could be considered. First, Paragraph 1 of the third principle
could be amended to 1limit its scope to experimental activities.
Second, the language relating to participation could be made
discretionary rather than mandatory, and could be limited as
provided in Article 4 of the working paper submitted by the

United States delegation during the thirteenth session of the
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Legal Sub-Committee to "feasible participation' in "appropriate
phases'" of United States programs. Third, the paragraph could
be amended to limit the participation foreseen therein to
governmental, as distinguished from commercial, programs.

The language in the final sentence of Paragraph 1 relating
to the terms of participation raises another problem of construc-
tion. That sentence, which places participation o% the basis
of "equitable and mutually acceptable terms," appears to be
a broadened version of Article 5(a) of the draft declaration
submitted jointly by the Soviet and French delegations which
would have entitled any state whose territory is affected by
the remote sensing activities of 2 second state to'participate
in the latter's program on '"equal and mutually acceptable
terms." Although the phrase "mutually acceptable terms' appnears
to be a broadened version of Article 5(a) of the draft declara-
tion submitted jointly by the Soviet and French delegations
which would have entitled any state whose territory is affected
by the remote sensing activitics of a second state to participate
in the latter's program on "equal and mutually acceptable terms."
Although the phrase "mutually acceptable terms' appears to
provide a basis for commercial implementation, questions of
interpretation could arise, since the source of the provision
suggests an intention to place implementation on a non-commercial
basis. Further, the omission from the draft principle of the
language in the Soviet-French draft which implicitfv lim*

participation to *%:;se states affected by the remote sensing
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program in question would expand the scope of foreign partici-
pation and hence exacerbate the adverse consequences of such
participation. The most desirable solution to the problem
appears to be to ensure that any participation provision is
discretionary in nature and limited to those states which are
significantly affected by the program in which the sensed state
wishes to participate.

The impact of the second paragraph of Principle III on
operational implementation depends on the organizational or
institutional configurations selected for routine operations.
If, as suggested by CPUOS, complete reception and data manage-
ment facilities are to be established in each region, the
international market for private sector services could be
significantly diminished. Consequently, the regional facilitics
recommended in Paragraph 2 of Principle III should be limited
to facilities for specialized processing of preprocessed data

and distribution of information products.

4. Principle IV

The fourth draft principle formulated by :vc¢  orking
Group on Remotc Sensing provides:

Remote sensing (<f the natural resourc. - = a1th]
[and its environment] from outer space [shot: ¢ ,snall]
promote the protcction of the natural environ..nt of tte
carth., To this end States participating in remote sensing
[should] [shall] identify and make available information
useful for the prevention of phengmena detrimental to the
natural environment of the eerth.

286



-145-

In its present form, the language of the fourth principle would
not adversely affect implementation of the technology, even

if made mandétory. The use of information products as implied
in the second sentence for the prevention of phenomena detri-
mental to the environment could expand the market for earth
resources information products. However, to ensure implemen-
tation of this principle in § manner consistent with practical
operational considerations, recin,ents of the information
should be identified as international organizations responsible
for environmental management and to governments of states
likely to be affected adverscly by phenomena detrimental to

the environment. That limitation could be incorporated through
the addition of language at the end of the text which would
make available to all states likely to be affected and to
cqncerned inter-ational organizations. In addition, the
information should be made available on "mutually agreeable”

terms.

5. Prineciple V

The fifth draft principle provides:
States participating in remotc sensing of [the

natural resources of the earth] [and its environment]

from outer space [should] [shall) make available

technical assistance to oti.or interested States on

mutually agreed terms.Z8
If implem~nted in its present form, Principle V would create
pressure to export every facet of earth resources satellite
technology and related ground technologies. That pressure could

undermine both United States t~chnological 1 1dership and the
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hbasis for the provision of commercial carth resource information
secrvices not to mention possible national security concerns.
However, if the provision were limited to technical assistance
relating to specialized processing of data products and to the
crecation of infrastructurcs in less developed countries capable
of applying information prodi.~ts cffectively, it would be more
likely to result in rapid national and regional development
than would concentration of cfforts on the sale of expertise,
reception and preproc .sing cquipment. Since that approach
would expand rath:r than contract the international market

for the services not “nly for providers of satellite data
services but for American cxporters generally, the focus on
infrastructure development appcars desirable. Similarl,,

since "information" rather than 'data," as thosc terms are
defined by the Working Group on Remote Sensing29 is the source
of the bencfits to be derived from satellite remote sensing,
the emphasis of international cooperation and technical
assis.ancc programs should be placed on the acquisition and

application of "information."

6. Principle VI

buring its 1977 secssion, the Legal Sub-Committee formulated
a scries of new dro € principles, based cither on previously
identified common elements or on a consensus established
during the 1977 scssion.30 The first of these is Principle VI

which provides:

ORIGINAL PAGE 19
288 OF POOR QUALITY
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1. The United Nations and its relevant specialized
agencies [and the International Atomic Energy Agency]
[should] [shall] promote international cooperation,
including technical a_sistance, and play a role of
coordination in the area of remote sensing of [the
natural resources of the earth] [and its environment].

2. States conducting activities in the field of
remote sensing of [the natural resources of the earth]
[and 1is environment] [shall] [should] notify the
Secretary-Gen~.al thereof, in compliance with article
XI oi *he Ti¢e.y on Principles Governing the Activities
of States in the Exploration and Use of Outer Space,
incluing the Moon and Other Celestial Bodies.

This principle was based on the first of the common elements

identi“ied during the 1976 session.31

In its present form,
Principle VI makes a general statement regarding a possible
coordinating role for the United Nations which would be
desirable from the perspective of the United States if imple-
mented within the limits described in the discussion of
Principle V. The second paragraph merely applies Article XI
of the Outer Space Treaty to satellite remote sensing and is
considered inoffensive, provided the level of information

required does not exceed the nature and scope of information

cnrrently supplied regarding satellite launches.

7. Principle VII ORIGINAL PAGE IS
OF POOR QUALITY

Principle VII, which provides:

Information obtained by remote sensing [of the natural
resources of the earth] [and its environment] indicating
an impending natural disaster shall be disseminated as
promptly as possible to those States likely to be affected.

was based on the second common principle identified during
the 1976 session of the Legal Sub—Committee.3 Adoption of
this element in its present form also appears desirable. If

included in a package of general services, the disaster warning
289
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service could be used to demonstrate to other delegations that
the value of potential benefits significantly exceeds the cost

of potential abuses of earth resources satellite technology.

8. Prineiple VIII

Principle VIII provides:

Taking into account the principles I and II above, remote
sensing data or information derived therefrom [shall]
[should] [not] be used by States [to the detriment of]

[in a manner compatible with] the legitimate rights
and interests of other Gtates.

33 that language is closely

Based on the third common element,
related not only to the concept embodied in Article IX of the
Outer Space Treaty that states should conduct their space
activities with due regard to the corresponding interests of
other states,34 but to the interpretation of Article I(1)

urged by developing states which would prohibit activities in
outer space, unless they are conducted "in the interests and

for the benefit of all states."35 Because of those similarities,
Principle VIII is likely to generate similar controversies,
particularly regarding the construction of the term "interna-
tional detriment."

The bracketed phrases permit both a negative and a positive
interpretation. However, from the perspective of potential
private sector in.erests, hoth approaches could be considered
detrimental, when read in the context of Article VI of the
Outer Space Treaiy which imposes international responsibility

on states part’es to the treaty for the space activities of their

respective nationals, whether governmental or non-governmental
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entities.36

Broad or uncertain construction of the terms of
Principle VIII could lead to restriction of legitimate, desirable
activities, particularly based on commercial initiatives.
Although private sector operations may be possible within the
framework of such a principle, adverse political repercussions
resulting from disputed constructions of the common element

are considered both probable and detrimental to United States

interests. Consequently, in its present form, the eighth draft

principle is considered undesirable.

9. Principle IX

The ninth principle incorporated in the new draft was
agreed upon during the 1977 Legal Sub-Committee without
prior consideration during the 1976 scssion. Principle IX
provides:
States participating in remote sensing [of the natural
resourccs of the earth] [and its environment], either
directly or through relevant international organization
[shall] [should] be prepared to make available to the
United Nations and other interested States, particularly
the develcping countries, upon their request, any
relevant technical information involving possible opera-
tional systems which they are free to disclose.
The apparent rationale for inclusion of this provision is
to promote exchange of information regarding the character-
istics of operational systems as a means of enabling devel-
oping countries to keep pace with technical and institutional
developments. Since the availability of this type of infor-
mation is likely to alloy some of the concerns of less
developing countries concerning potential abuses of the

technology, this level of information exchange is considered

desirable. )
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10. Principle X

The second new principle formulated during the 1977 session
provides:

States [shall] [should] bear international respon-

sibility for [national] activities of remote sensing

[of.thc natural resources of the earth] [and its

environment] [irrespective of whether] {where] such

activities are carried out by governmental [or non-

governmental] entities, and [shall] [should] [guarantee

that such activities will] comply with the provisions

of these Principles.
In essence, Principle X restates the provisions of Article VI
of the Outer Space Treaty, and hence, does not necessarily
increase the potential burdens imposed by the supervision
requirement of that article. However, the fact of the restate-
ment combined with the potential for more direct language
indicates the existencc of a trend toward full-scale national
governmental supervision of all space activities. Consequently,
Principle X has given rise to some concern in the private sector
regarding the possible limitations on non-governmental space
activities.

ORIGINAL PAGE IS

11. Principle XI OF POOR QUALITY

The final draft principle formulated this year by the
Legal Sub-Committee provides:

A sensed State [shall] [should] have timely and non-
discriminatory access to data obtained by remote
sensing [of the natural resources of the earth] [and
its environment] from outer space, pertaining to its
territory on reasonable terms [to be mutually agreed
upon with the sensing State] and to the extent feasible
and practicable, [shall] ([should] be provided with

such data on such terms [on a continuous and priority
basis] [and in any case no later than any third state].
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In some respects, this draft principle appears to correspond

to certain of the positions taken by the United States in an
attempt to avoid adoption of a prior consent regime. Particu-
larly important are the classes relating to 'timely and non-
discriminatory access'" and access '"'in any case no later than
any third state." If ultimately adopted, the language of
Principle XI could serve to limit the flexi_.ility of operations
available to the entity managing the system. In its present
form, Principle XI could interfere with traditional private
sector management and marketing procedures and should therefore
be carefully examined prior to final adoption.

C. Prospects for Resolution of the Earth Resources
Satellite Debate

The main tenet of the present United States policy is
strict opposition to the adoption of an international regime
based on prior consent. This approach is essentially consistent
with the interests of the public and private sector- If data
acquisition were subject to the consent of the surveilled state,
as proposed in the Latin American draft treaty, acquisition
procedures would be disrupted, causing increased costs while
decreasing the value of the data. Strict adherence to the
prior consent rule on data collection would require the capa-
bility either to turn off the satellite sensors, or to separate
out and dispose of information pertaining to the territory
of a state which had not given its consent. The first approach
would increase the cost of satellite construction and aperation,

and the second would increase processing time and costs. Both
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approaches wonld he complicated by fluctuating geographic
patterns of conscnt, especially in politically unstable regions.
These conscquences would affect the viability of both inter-
national and domestic carth resources services, regardless
of the institutional configurations cmployed. In particular,
with respect to operation of the space segment, the principle
of prior consent would force opecrational entiiies to negotiate
directly with forecign governments, which would in turn give
rise to all of the problems which characterize relations
between a sovercign and non-sovereign entity.

Related complications would arise if data dissemination
were subject to prior consent. Both the Soviet-French and
Latin American drafts would prevent transfer of satellite-
acquired earth resources data from the government operating
the satellite to any third party, public or private, without
the éxpress authorization of the surveilled state. If strictly
construed, those provisions could prevent the United States
government from distributing data to its own nationals, unless
permitted by the foreign government in question. Strict
construction seems warranted, since the provision would be
meaningless if the United States government were free to
disseminate all of the earth resources information in its
possession to its nationals, who would in turn be free to convey
the same information to any other entity, public or private.

In the absence of foreign governmental consent, American
public and private entities could be inhibited from providing
effective services in border areas, both because of the problems
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of spillover and bccause of thce inability to provide services
regarding phenomena affected by stimuli which originate or
operate exclusively in foreign territories. Although the
domestic market would enjoy the advantages of the relatively
cordial relations between the United States and the adjacent
countries, the delays and potential instability associated
with consent relationships would make the situation undesirable.
The same problems would bc exacerbated in the international
market. In most regions the relatively small areas coatrolled
by each government would incrcasc thc problems arising from
the nced to incorporate information from the territories
of another state into an effective analysis of conditions
in the consenting state. In the same regions border tensions
and other forms of compctition between ncighboring states will
interferc with the process of sccuring the nccessary authori-
zations. Even where consent is initially obtained, continuation
is dependent on political factors.
As noted above, one of the main policy foundations for
the prior consent proposals has been the argument that the
concept of '"permanent sovereignty over natural resources"
embodied in a series of General Assembly resolutions gives a

state the right to control acccss not only to its natural

resources but to information rcgarding these resources as well.
An examination of those texts demonstrates that the concept has
not yet been extended that far, To date, the United States
delegation has not demonstrated particularly strong opposition,
probably because of the political dynamics within the Outer Space
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Committee. Limitation of the concept of permanent sovereignty
to its current scope could weaken support for the extreme prior
consent proposals and make possible compromise on some basis
which permits relatively free access to data.

As an alternative to the prior consent proposals, the United
States delegation has offered a strong policy of open dissemina-
tion of data. One of the main arguments against pri