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John E. Flipse

John E. Flipse, President of Deepsea
Ventures, Inc., since its formation in 1968,
has been in marine industry for over 30
years, His experience includes sea service,
teaching, consulting, engineering design,
project management, and research and
development.

Mr. Flipse graduated from IVIIT in 1942
with a Bachelor of Science degree in Naval
Architecture and Marine Engineering, holds
a Master of Mechanical Engineering degree
from New York University, and completed
the Llniversity of Virginia's course in Basic
Advanced lylanagement. During World War
I I, he served in licensed and unlicensed
capacities in the LI,S, Merchant Marine and
on the faculty of the U.S. Merchant Mar-
ine Academy at Kings Point, New York.

From 1945 to 1955, Mr. Flipse was
instructor, assistant professor, and associate
professor in the Engineering Department of
the New York State Maritime College, and
served as a consultant in the fields of tor-
sional vibration, naval and commercial
ship design, marine insurance, and marine
surveying. He then spent two years as
Senior Engineer and Engineering Head of
the Ship Stabilization Section of the
Sperry Gyroscope Company, where he
was responsible for the development,
design, manufacture, installation, and test
of fin-type and gyroscopic ship stabilizers.

Mr. Flipse joined the Newport News
Shipbuilding and Dry Dock Company in
1957 as Research Engineer and Chairman
of the Research Committee, and was in
charge of the company's oceanographic
program from its inception in 1962. He
also served the company as Assistant to
the President, Assistant to the Executive
Vice President, Assistant to the Vice
President and General Manager and Head
of the Systems Department.

IVlr. Flipse is currently a Director
of the Marine Technology Society. He is
Chairman of the Technical and Research
Steering Committee of the Society of Nava
Architects and Marine Engineers, He has
served on several panels of the National
Academy of Engineering and is currently
a member of the Marine Board of that
organization,

Mr. Flipse is the author of several
papers, holder of several patents, and a
licensed Professional Engineei in New York
and Virginia.



Mama A, Dubs Roger G, Burns

Meme A. Dubs has been a Director of the
Ocean Resources Department at the Kenne-
cott Copper Corporation since 1969. In
this position he has responsibility for a I
aspects of ocean resource development,
inc uding exploration, mining technology,
metallurgy, law of the sea, and business
planning and management. He participates
in the general mariagernent of corporate
exploration activities and provides overall
guidance to research on radical new mining
methods.

A 1943 graduate in Chemical Engi-
neering from The Johns Hopkins Univer-
sity, Mr. Dubs was employed by Union
Carbide Corporation to work on the Man-
hattan District Project, and continued with
Union Carbide until 1969 In the Linde
Division of Union Carbide, he was succes-
sively Manager of the Engineering Labora-
tory, Director of Development, and Pro-
duct Manager of New Products, and was
concerned with research, development,
design, and marketing of cryogenic and
metallurgical processes and equipment.
Then, as General Manager of Ocean
Systems, a subsidiary of Union Carbide,
he guided the development of a new busi-
ness based on ocean technology.

IVlr. Dubs is chairman of the Ameri-
can Mining Congress Committee on Under-
sea IVlineral Resources and the Mining
Panel of the Ocean Science and Technology
Committee of NSI 4, and currently
serves on the advisory group to the U.S.
government's Law-of-the-Sea Task Force
and as Expert on the U.S. delegation to
the United Nations Seabed Committee.
He is also a member of the Advisory
Committee to the Secretary of Commerce
on Marine Petroleum and Minerals, and
has been appointed by the President of the
United States to the National Advisory
Committee on Oceans and Atmosphere,

A native of Wellington New Zealand
Roger G. Burns holds Bachelor of Science
and Master of Science degrees from Victor-
ia University of Wellirigton. He was awarded
the Science Research Fellowship from the
Royal Commission for the Exhibition of
1851  Londonl, which he held during
1961-1963 at the University of California
at Berkeley where he received his Ph.D.
degree in 1965. During this time he was
also awarded a Fulbriqht Travel Grant
�961I, the Pacific Scholarship from the
English Speaking Union, San Francisco,
�961-1963!, and a University of California
Science Fellowship �963-1965I. In 'l968
he received an honorary Master of Arts
degree from Wadharn College, Oxford,
England.

From 1965-1966 he was a senior
research visitor at Cambridge Llniversity,
England; from 1966-1967, a senior lectur
er in qeochemistry at Victoria University,
New Zealand; and from 1968-1970,
University Lecturer in Geochemistry at
Oxford, Eng and. In 1970 he was appoint-
ed Associate Professor in the Department
of Earth and Planetary Sciences at the
Massachusetts Institute of Technology,
and in 1972 was promoted to Professor
of Mineralogy and Geochemistry.

He is a fellow of lhe Mineralogical
Society of Amer i ca, the Mineral og ir a I Soc i-
ety of Great Britain, and the Chemical
Society; a member of the Geochemical
Society, thc Ainerican Geophysical Union,
and the New Zealand Geochemical Group.
He is to be the recipient of the IVISA Award
from the Mineralogical Society of America
for 1975. The author of a book and numer-
ous published papers, his researc:h interests
are in transition element geochemistry and
metal ogenesis; spectroscopic studies of
minerals, including Mossbauer, infrared, and
electronic absorption methods; the crystal
chemistry of lunar and terrestrial silicate
minerals; and the mineralogy and origin of
deep sea manganese nodules.



Leigh S. Ratiner Sergio Martins Thompson-Flores

Leigh S. Ratiner, Administrator ol the
Ocean Mining Administration in the U.S.
Department of the Interior, received a BA
from Grinnel College and law degrees from
the University of Pennsylvania School of
Law  JD, 1962! and Southern Methodist
~ niversity Law School  IVICL, 1963!. He
held the Gowen Fellowship at the Univer-
sity of Pennsylvania in 1962, and was a
Fellow of the Law Institute of the Ameri-
cas in 1962-1963.

Mr. Ratiner began his government
service as an attorney with the Federal
Aviation Agency between the years
1963 to 1967. In the Department of De-
fense, he was Attorney in the Office of the
Secretary of Defense �967-1971! and
Staff Director of the Office of Ocean
Affairs in the Department of Defense
�971.1972!. From 1972 to 1974, Mr.
Ratiner was Director for Ocean Resources
in the Department of the Interior, and
moved to his present position after tern-
porary service as Deputy Assistant Admin-
istrator in the Federal Energy Office. He
is the author of several articles on oceans
policy and mineral resources, and received
the Secretary of Defense IVleritorious
Civilian Service Award in 1971.

IVlr, Ratiner is a member of the
United States delegation to the United
Nations Seabed Committee and the Law
of the Sea Preparatory Committee, and is
Alternate United States Representative
to the Third United Nations Conference
on the Law of the Sea. He was chief spokes-
rnan for the United States in Committee
I of the Conference, which dealt with
the preparation of treaty articles on the
development of seabed mineral resources
beyond the limits of national jurisdiction.

Sergio IVlartins Thompson-Flores has been
associated since 1969 with the Brazilian
Mission to the United Nations, where he
holds the position of Counsellor of Embas-
sy. A career diplomat, Mr Thompson-
Flores has served in the Brazilian Embassy
in Paris, France, and in the Consulate
General in Montevideo, Uruguay. He was
direct assistant to the Foreign Minister
form 1967 to 1969.

Mr. Thompson-Flores has been a
member of the Brazilian delegation to the
United Nations Seabed Committee since
1969, and a Vice Chairman of the Commit
tee and the Conference since 1971. He is
Deputy Head of the Brazilian Delegation
to the United Nations Conference on the
Law of the Sea.

As a member of the Brazilian
Government's Committee on International
Air Transport, he has participated at meet-
ings of the International Civil Aviation
Organization and in several bilateral nego-
tiations on matters of international civil
aviation

Mr. Thompson-Flores studied
philosophy at the University of Poitiers
 France!, and internationa! Iaw and politi-
cal science at the Rio Branco Institute
 Brazil!



The Science, Engineering, Economics,
and Politics of
Ocean Hard Mineral Development

Dr. Dyer:
I am pleased to welconie you to the Fourth
Annual MIT Sea Grant Lecture and Sym-
posiurn Each year at about this time we
select a topic related to our uses of the
oceans, concerning either a new resource
or a developing opportunity in the seas.
The lecture is intended to bring to your
attention this new resource or opportunity,
and to exercise ourselves with respect to it.

This year, the opportunity we will
talk about is more simply titled by two
words, manganese nodules. Our knowledge
about manganese nodules is on the order
of 100 years old. These rocks contain
mostly manqanese, then iron, some amount
of copper and nickel, and a bit of cobalt.
The manganese nodule has the poteritial of
meeting our metal needs, especially with
respect to copper, nickel, and cobalt,
for centuries, if not millennia. These
nodules are broadly distribuled throughout
the ocean, and are most densely found in
areas possessing certain oceanographic
conditions. More important from a tech
nological point of view, they occur in the
deep ocean, not in trenches but on the
abyssal plains that are approximatelv
15,000 feet below the sea's surface.

We must recognize today that com-
mercial development of the nodules, or
planning for commercial development, has
bequn, Considerable investments are now
being made toward mining the nodules,
and these amid an atmosphere of great un.
cerlainty and great confusion with respect
to the political and economic factors sur-

rounding the taking of nodules from the
deep-sea floor, In brief, perhaps this lecture
could be introduced by the questions:
Will these nodules iri fact be taken? Should
they be taken? If they wil be taken, when?

Now it is my pleasure to present to
you today's Sea Grant Lecturer. John
Flipse has many accomplishments, which
are listed in the program, arid perhaps the
best way to introduce him to you is to call
him a "seabed mining entrepreneur,"

Jac.k

Allr. Flipse:
Good afternoon. It is an honor and a
pleasure to deliver the Fourth Annua IVII T
Sea Grant Lecture. Althouqh my subject
is "The Science, Engineering, Economics,
and Politics of Ocean Hard Mineral Develop-
irient," I will limit my remarks to deep
ocean floor manganese nodules, which are
likely to be the first ocean hard minera s
developed. Ii is impossible to be here at
IVI IT, surrounded by the fami iar granite
and q ass, and not be nostalgic over my c:o-
lege days of some thirty-five years ago. The
opportunity to speak to an audience in an
educational institution is also familiar, as
it brings back the pleasant memories of
soirie fifteen years in acadeiriia.

My involvement in ocean mining
began as a simple research investigation in
1962 at Newport News Shipbuilding and
Dry Dock Company. The program assumed
the corporate identity of Deepsea Ventures
in 1968 under the sponsorship of Tenneco.
In 1974, our opportunities and problems



were multiplied by the forination of an
international joint venture, Ocean Mining
Associates, which was organized to develop
the deep seabed manganese nodule mining
and processing technology and to deter-
mine the feasibility of its commercializa-
tion.

I would be remiss if I did not identi-
fy at this time the purpose of this lecture.
First, I would like to identify clearly the
key factors involved in the several areas of
deep ocean, mining, Second, I hope to indi-
cate the relationships between these fac-
tors. Third, through the description of
recent developments, I hope to establish
clearly my point of view and stimu ate
constructive discussion among the panel-
ists assembled. Unlike previous Sea Grant
Lecturers, I plan to address, with consider-
able intensity, a narrow topic of extreme
importance to our nation.

The Science
The initial interest in deep seabed hard
minerals was triggered by the 1873-76
voyage of the British research ship CHA L-
LENGER. Much of the subsequent interest
was developed through studies incidental
to the oceanographic activities of Woods
Hole, Scripps, and other oceanographic
institutes, The basic science of oceano-
graphy is germane to our work in several
areas. Data on topography of the sea floor
are an essential element for an effective
and efficient design of an ocean mining
system. The instrumentation and tech-
niques developed over the years by the

academic community in the pursuit of the
science of oceanography make it possible
for us to obtain these data at reasonable
costs and in a reasonable time. Certainly,
we are looking toward improvement of
these equipments, but the modern tech-
niques are so far in advance of earlier
techniques that they do admit to economic
ocean floor resource exploration.

Similarly, an understanding of seabed
sedimentation is vital to planning an effec-
tive exp oration program. Although much
remains to be learnec in this field, the
fundamentals are sufficiently well defined
to permit R&D programs to proceed and
the planning and execution of effective
exploration voyages, An understanding of
ocean currents, waves, and weather is es-
sential in the design and operation of explor-
ation and mining equipment. The tradi-
tional academic approach, reinforced by
modern buoy and satellite technology,
should yield adequate synoptic data to
permit safe and efficient operations on
and over the mine sites.

The science of hydrodynamics is key
to the modern hydraulic mining techniques
under consideration by most ocean miners.
An understanding of ship motions, resis-
tance, and the coupling with the mining
system of the forces producing these
phenomena are critical. The handling of
a four. or five-mile pipe requires a thorough
understanding of form drag and pipe
vortex shedding behavior. Two-phase or
three. phase flow phenomena in pipes
where nodules. water, and, in the case of

air lift, air bubbles are involved need more
study for more complete understanding.

Similarly, the science of mechanics
and dynamics influences the design of the
dredge pipe and the system that sus.
pends it and joins it to the moving ship.
The techniques of theoretical and experi-
rnental stress analyses must be carefully
applied to both of these important design
areas.

Marine geology, an established
science that is receiving more and more
attention as we become more conscious
of marine resources, is also an important
influence in deep ocean mining. Know-
ledge of the origin of the nodules is impor-
tant in the planning of exploration pro-
grams. Knowledge of the physical charac-
teristics of nodules is key to their recovery
and transportation from the seabed to
the mining ship. Dredge design must take
into account the structure and soil rnech-
anics of the sea floor in order to effective-
ly gather and collect the ore.

These, then, are the sciences essen.
tial to ocean mining.

The Engineering
Major engineering tasks applying the sciences
mentioned above include the fundamental work
of defining the chosen ore body. Mapping a
sea floor manganese nodule deposit to indi-
cate properly the topography, the concen-
tration, and the tenor of the deposit is an
intensely frustrating engineering exercise.
The sea is notoriously unkind to electronic
instrumentation and to machinery operat-

ing in the salt water environment while end-
ess ship motions harass the marine scien.
tists and crew. The commitment required
to observe unfailingly and record television
and instrument data over long periods while
surveying great areas must be experienced
to be appreciated. The data are, of course,
essential to preparation of the mining plan
and routing the ship and mining rnachine
through the area, Effective nodu e recovery
must be achieved without damaging the
equipment, suffering lost motion, or experi-
encing excess stresses.

The dredge head or sea floor collecting
device is a key element in the mining system,
Its efficiency can determine the difference
between success or failure. The single layer
of nodules on the sea floor must be effectively
collected and transferred to the dredge pipe,
while the unwanted sediments are prevented
from entering the dredge stream and coming
to the surface. The machine itself must be
guided to assure effective use of the resource
and must be automatically protected from all
but the largest obstructions, This is perhaps the
most proprietary area in ocean mining develop-
rnent and is a challenge to engineers young
and old.

The pipe system is also a difficult engi
nearing exercise. Pipe stresses caused by pres-
sure differences, hydrodynamic drag, ship
motions, dredge head load~, and possible
obstacles must be provided for. The hydrody-
namic resistance of a lengthy pipe introduces
loads which may vary with the current profile,
depth, and therrnocline effects. The design of
pipe ]oints so they can resist system stresses
while permitting rapid coupling or uncoupling



is an engineering speciality in itself. Ten years
ago we were branded "weak-minded" when we
suggested handlinq a four-mile pipe string from
a ship at sea Fortunately, we now have the
experience of the JOIDES program and its
G! OMAR CHALLENGER operations.

Metallurgy and chemical engineering are
also heavily involved in ocean mining develop-
ment. The ores are extremely complex. The
agglomeration of more than thirty metal oxides
over a very long period of time through a little-
understood process provides some of the
difficulty. Of the metals forming the nodules,
manganese is highest in content, nickel, copper,
and cobalt are highest in value, and smaller
quantities present of molybdenum, vanadium,
zinc, silver, and other metals all appear to have
some value. Because of the oxides' chemical
and minera ogical complexity, standard separa-
tion methods, such as gravimetric and flotation
processing techniques or pyrometallurgy, are
not effective. This complexity makes the
metal-winning problems of ocean mining
exti.erne y sensitive to economic changes. The
recent energy crisis meant "back to the drawing
board" for many well-conceived process
approaches.

Last, but not least, consideration of the
terrestrial and marine environment strongly
influences the application of engineering to this
problem, Fortunately, we have undertaken the
development of the system while our nation,
scientists, engineers. and businessmen are keenly
aware of the importance of preserving the
environment Again, fortunately, the nodules
tend to form in areas where the benthic biopop-
ulation is minimal, where the water is rich in

oxygen, and where the sedimentation rate is
extremely low. Recent studies have indicated
that nodule mining will have a minimal effect
on ocean bottom and surface ecology. The
presumption that the sea floor water may
nourish an incidental fish farm appears incor-
rect. Because of both the relatively tiny
amount of water raised from the deep ocean
floor and its propensity to mix, nutrient enrich-
ment does not occur to a level which will en-
hance surface marine life. The processing
plants will be antipolluting because of the
strong economic motivation to recycle and reuse
the reagents, energy, and even the water and
carbon dioxide generated by the process. Solid
waste disposal can be accomplished through
the removal of nonleaching natural salts with
the silica waste products. Such wastes may
prove to be an economic opportunity. Careful
attention to environmental impact require-
rnents wi I result in a net improvement in our
world through a gradual substitution of ocean
mines for new terrestrial mines to meet the
ever-expanding demand for nonferrous metals.

The Economics
The economic feasibility of ocean mining is
yet to be fully demonstrated. Forecasts of its
viability have been made and indeed seem
justified, judging by the continuec flow of
funds into research, development, and engi-
neering Many techniques to estimate econo-
mic viability can be employed ranging from
parametric projections by the theoretical
economists to detailed engineering analysis by
the would-be investor.

The capital requirements for an ocean

mining system are severe and will become more
severe if inflationary forces are not contained.
The marine system, consisting of a mining
ship, transport ships, arid dredges, accounts for
approximately 2594 of the capital cost. The
process plant, including the land and its im-
provements, the plant itself with its ore
handling and blending equipment and the facil-
ities to handle reagents and proper disposal
of wastes will account for an additional 50%%uo
of capital investment. The balance of the
capital will be found in the administrative
requirements and in working capital which
includes ore in process, reagents, metal in
inventory, and cash on hand. Total capital
requirements for a one to three million ton-
per-year operation range between $200 and
$500 rni I I i on.

Operating costs in each of the functional
areas can be forecasted against estimated
manning, power, reagent, and other cost re-
quirements. Major variables include the site
selection for the processing plant, labor rates,
the cost of energy, and the extremely unpre-
dictable reagent costs we are currently experi-
encing. Annual operating costs do, however,
have the promise of a favorable learning curve.

This paper is hardly the appropriate place
for a discussion of the world metal markets or
the expectations of the Third World through the
New Economic Order. The basic question facing
the ocean miner is whether he wil be operating
in a "free" competitive market, with the current
known constraints, or whether there will be
"super constraints" imposed on ocean-derived
metals because of the origin of the ore. A series
of more or less biased ana yses of the impacts

of ocean mining on the prices of metals and on
the economies of the present developing-country
suppliers has been published. Even the most
biased has failed to show that any nation will
be dramatically hurt by deep ocean mining.
Certainly no mention of benefits to poor coun.
tries who are, or hope to be, consumers was
made. Multiple sources and competitive mar-
kets now exist for all of the key metals in the
nodules except perhaps copper and cobalt,
which are the most likely metals for carteliza-
tion and hence artificial price and production
control. The only country that has been c earlv
identified today as having more than one
percent of its gross national product influenced
is Zaire, a producer of both of these metals.

The accurate analysis of the mai kets for
the metals to be won is a critical problem.
The traditional supply/demand relationship is
probably currently applicable for copper, nickel,
molybdenum, vanadium, and some other metals
found in the nodules. The cobalt market is a
unique problem in that the free world's cobalt
is supplied by so few countries at a traditiona ly
contrived price. A ternate uses of cobalt sug-
gest the price of nickel as a floor, with the
current market price as a ceiling,

Forecasting the price of, and hence
revenue from, the manganese produced by an
ocean mining undertaking is also a unique prob-
lern. The product wil probably be of a purity
previously unavailable to the industry in quanti-
ty. Certainly, the changing industry needs and
modifications of the currently conceived pro-
cesses wi I influence these specifications. Even
if the costs and revenues could be accurately
forecast, governmental economic burdens are
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a major facto~ in determining economic feasi-
bility in advance of actual operations, Outlines
of environmental controls, income and other
taxes, royalty rates and bases, work and invest-
ment requirements, and duration of rights
under any license must be known with some
certainty before economic feasibility can be
determined with any real accuracy. Revenue
prolections for an acean mining operation are
strongly influenced by governmental policy
concerning the nation's interests  as evidenced
by their handling of the above factors!, indus-
trial policy regarding feed stocks and the use
of intermediates, and the investor interest of
maximization af profit. Expectations range
from breaking even to three- or four-year pay-
outs; predictions range frorr> immediate return
of capital to no return at alii Narrowing these
spreads is unlikely unti further development
work is completed and the results cornmuni-
cated by high capital investment or prolect aban-
donment,

"Pro forma" projections are a way of
ife in any developinq business. The usual
returri-on-investment ca cu atians are made
with more or less slrinqent assumptiOns con-
tro linq, Use of discounted cash flow after
taxes is the most severe criterion, especially if
the investment includes research and develop-
ment costs. A "payout" approach helps to
define the years during which capital is at
risk. It is unlikely that anyone would enter a
bi>SlneSS, Wi thaut overriding inCidental motiv-
ationn, simply to recover his capital, even in
a few years. Thresholds for acceptab e returns
on investment vary with the countries and
r<>mpanies involved, and the cost of money,

Certainly, no American company will enter a
risk undertaking, such as ocean mininq with
its considerable capital requirement, to earn
"normal interest" on his investment.

Finanoing Can be. PXpeCted frOrn the
usual sources of private equity and debt and
perhaps, in the case of aur foreign competi-
tion, from government subsidy. The invest-
ors expect to everage their equity with
normal ar»ounts of debt at long-term interest
rates with returns suitable for the risk. A
technically sound prograr» in a period of
political stability forecasts reasonable fi-
nancinq requirements and cor»fort in the
competitive market place.

Insurance of normal risks to faci ities
such as ships and operating plants would be.
obtained through norr»al markets. Insurance
aqainst international interferences or the
loss of availabi ity of the resource throuqh
possib le in ternati o na I treaties m us I be
covered by government insurance until a
commercial market deve ops, if ever. Cer-
tainly, the econor»ic analyses of ocean
mining have supplied the incentives for sev-
eral extended research and development pro-
grams with their not inconsiderable costs.
Stayinq power is the name of the game in
natural resource development. Corporate
consistency toward long-range goals arid
commitments is necessary in order to re-
ceive the rea rewards,

The Politics
One of the decade's more frustratinq exer-
cises has been the Llnited Nations' Law of
the Sea debates, These treaty efforts,

starting in 1968, h<ive been held in an at-
mosphere of incrcasinq Asian, African, er>d
Latin Amerii an nationalisin, 1he debaters,
until very iecently foi a few, have iqnored
Ill<' fact that »ccarl rcsaur cs I epics«,' >ted an
opportunity rather than a threat. The 1973
meeting of the Law of the Sea Conference
w<is ar> <>rqanizatii>r!al i»ecting i>iily. Tho 1974
session resulted in intense polarization of
altitudes wliere ihe wide diflerences in ihe
funclar»ental oblectives of the participants
w>is i>bvioiis. Geneva, i<i <lie 19 Jb third ses-
sion, was characterized by an early opti-
r»isi», ieplaced in mid-session by a total
absence of willingness ta negotiate the deep
seabed issue. The distrust of the. developinq
countries, with their ambiiions for the
New Fear>orl>ic Order, prevent<,d thi>i» lrorn
understanding or accepting the many con-
cessions offered by our treaty-oriented re-
presentatives.

Resoluiian ol this particular area ol
the Law of the Sea negotiation appears a
very lor>q-terrr> rnatter Certair>ly, it is not in
our government's interest to delay further
the United States' development of its ca-
pability while our current foreign supplieis
of these essential strategic sea-floor-avail-
able metals develop and strengthen their
cartels and market controls.

The emerginq ocean r»ininq industry
is looking io Uriited States leqislation for the
political stability needed to justify the
major <apital irivestment. The American
Mining Congress bill for deep seabed <T>inir>g
was <.riticized as an extension of the 1672
mining law, Sortie af us took that as a com-

pliment, After all, there are still profitable
<riines being opened under that l,>w in th<>
Ur! ited States. Additional versions of a deep
set>bed rriining bill appear to be farthc<>r>iinq
from the Conqress and perhaps even frarri the
Adrr>inlstrat ion. The State Departr»ent is
apparently failing to keep its solemn pro-
rnise to Conqress to have a treaty in hand
or leqislation in force by the end of 1975,
Thc basic <tucstion facing us is, "Will ther<i
be effective legislation in 1976?" The Con-
gress was paralyzed by the Waterqate affair
in 1974, and sor»e sugqest th >t the entire
Senate will be runninq for the Presidency in
1976, A concentrated and sincere effort
will be r»ade in the balarice ul this yei>r
to pass the current ocean r»ininq legisla-
iion, >lie Metcalf L>ill, which has profited by
extensive hearings and compromise between
House and Senate in its forrnulalion. Its
objectives can be expressed simply as cori-
tinued access lo the resource, realistic ri>Iris
and regulations, insurance aqai<ist abnormal
risks, and protection from capricious aetio<i
by our own government.

Oeepsea Ventures has proceeded wit!i
a claim under existing international aw.
We have been accused of extrapo ating this
law unreasonably and of having weak cqal
precedents. We aqree th'>t the existinq inter-
national law is not pre<isa and that doubts
cause hesitation on the part ol the coipar-
ate decision makers and therefore must be
factored as an increased risk in the iirider-
taking, Existinq international law may,
however, favor overseas domesticatiuri of
oi:.ear! ir>ininq joint ventures, United States
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tax penalties and environmental restraints
added to failure by our government to
recognize payments to an "Authority or
Enterprise" in the form of royalty or other
levies as a tax allowance may force over-
seas domestication of the ear y ocean mining
operations. Our efforts towards good legis-
lation then serve the Ioint purpose of re-
moving doubt and enabling Linited States
domestication of the commercial enter.
p I'I se.

Conclusions
The ocean mineral policy of the United
States is being formed, and to talk of this
I must make personal observations � results
of over thirteen interesting and challenging
years of working to develop this ore source.
These thoughts do not necessari y represent
the views of Deepsea Ventures nor the
partners of Ocean Mining Associates.

As the Administration continues its
"no po icy" stance in regard to ocean min-
eral development, we must ask ourselves
some searching questions. Are we, the United
States, overcompensating? Is the New
Economic Order resulting in justice for
the lesser-developed countries, or in carteli.
zation as a resurgence of unsavory national,
instead of business, monopolies? Are we
being fair with the esser-developed coun-
tries, or are we giving away our future in
an unappreciated effort of restitution for
ear I ier wro ngd o ings by others?

Are contracts now negotiated and
consummated in a world of commercial
equals a necessary fundamental of economic

growth for developing countries, or
merely imperialist conveniences for the ex-
ploitation of people> Is "sanctity of con-
tracts" a civilized tool of trade, or has the
United Nations the right to declare com-
rnercial agreements an outmoded technique?
Should the United States surrender to what
Daniel P. Moynihan, our new Ambassador
to the United Nations, so aptly calls "the
politics of resentment and the economics of
envy>"

The word "exploitation" is a reason-
able and unemotional term to a miner,
Perhaps to a resource owner "cartelization"
is also unemotional. Development of ocean
resources may be approached from either
side. "To the other guy, you are the other
guy.

Some theoreticians suggest that sea-
bed hard minerals recovered by an inter-
national monopoly could prove to be the
source for funding world unity, I do not
believe this concept is realistic. After all,
the world metal markets are still essentially
competitive Is the world petroleum market
the mocel we wish to follow? The applica-
tion of the scientific, technical, and busi-
ness principles taught at MIT suggests to rne
that ocean mining is an opportunity for
American industry, and, when successfully
developed, for world consumers as well.

Thank you.

Or. Oyer:
We have assembled a panel to respond, to
communicate, and to question. I should like
to introduce the panel members briefly:
Leigh Ratiner, negotiator and administrator;
Varne Dubs. ocean resources developer;
Roger Burns, ocean geochemist; and Sergio
Thompson-Flores, diplomat. At this point,
since Jack has put his views forward inter-
estingly and provocatively, I will ask each
of our panelists to state his position, and to
take issue with or support Jack's views as he
sees fit. Leigh,

Iylr. Ratiner:
There are three basic issues that this panel
should address' the state-of-the-art of ocean
mining technology, the progress toward a
Law of the Sea Treaty, and the prognosis
for the future, taking into account both the
domestic and international situation, I pro-
pose to set aside the technology issue since
the description just offered by Jack Flipse
appears to the best of my knowledge � to
be a fair and accurate summary He may
have left out a few details that apply to
individual companies, but by and large Jack
has given us a clear picture of private indus-
try's state of readiness for ocean mining.

The two remaining issues are inter-
related. I will attempt to offer some back-
ground on the progress of the treaty negotia-
tions, because the prospects for the future
are very much dependent on our under-
standing of why the negotiations are taking
so long and why we appear to have so much
trouble reaching agreement.

Actually, my friend Sergio Thoinpson-
Flores can tell you why we got organized so
late and why we started negotiating late. On
the other hand, I can tell you why we don' t
seem to be getting anywhere. What I will do
is try to describe the dilemma facing nego-
tiators in Committee I. I'm afraid that I'm
not going to offer any suggestions on how
to make progress. As you will see, progress
may not be very easy.

The simplest way to approach the
issues in Committee is to turn to the draft
treaty itself. It is a difficult and complex
treaty that is impossible to describe in just
a few minutes, It is divided into three sec-
tions: the first is called the regime, the second
is called the machinery; and the third sec-
tion, called Annex I, is really an elaboration
of the regime. The reqime represents the
basic policy decisions that must be made
before anyone will agree to have law. Annex
I contains an elaboration of that policy
with respect to a very particular subject-
the system of exploration for and exploita-
tion of seabed resources. The machinery is
the mechanism established for implementing
the regime. If we compare it to the United
States government, the machinery cor-
responds to the Supreme Court and court
system, the Congress, and the Executive
Branch.

ln other words. we' re writing the
functional equivalent of a constitution for
the oceans. Jack Stevenson has said that
before, and I repeat it to illustrate how
difficult this task is. A successful constitu-
tion for the oceans � like all constitutions�

16 17



will have to bind toqether under a sinqle
system of law a variety of disparate and po-
lentia ly conflicting interests, Therefore, in
order lo understand the process of negotia-
ting this new constitution, it is important
to evaluate the siqiiih<iance and compati-
bility of the interests it must encompass.
I' ve iriade a list <if in>iny of the possible
interests that should be weighed in deterrnin
iiig the policy that will be set forth in a
Law of the Sea Treaty. This is riot the best
possil>lo isl, and sorr<e thinqs overlap, l»>l
it should help io explain the co<ttplex<ty
of lhe <re>ly, the nu<r<ber of intereSts thar
ii affects, and why it is so difficult lo se-
lect anioi>q those interests.

Remember that a whole new orqaniza-
tion will Iie set iip � an ir>slitution for
manaeinq the resources of two-thirds of the
earth's surface. In making decisions con-
cerninq the treatment of various interests
iinder this new eqal regime, we;<re setting
down policy guide ines for thc actions of
this new organiziition so th;it if it ever has
a conflict between interests, it will act in
;i<>corda<><e with the treaty guidance

Perhaps the simplest, rr<ost straiqht-
f<>rward policy statement directs the new
international orqar>ization to promote the
deve opiner>t <>I seabed >r<ineral resources.
Without development of the resources, the
Committee I Tre >ly is rrieaningless and the
new organization has no job. But many
other interests deinand attention iii rela-
tion to the development of those resources.
Safely of human life could be a basic policy
obleclive: the development of or can rnin-

eral resources could he encouraged and pro.
rnoted so long as it was accoinplished safely.

Alternatively, you could stand solely
on protection of the <marine environment
from adverse effects of exp oration and ex-
ploitation or combine that objective with
ensuring safety. Those two principles alone
could form a basic policy.

On the other hand, the treaty cou d
provide that developmeni of seabed mineral
resources be dependenl on the interests of
land. based mineral producers. In other words,
seabed production of minerals would not be
permitted to rompete so as to threaten the
prices of those same minerals that are
produr;ed or> I aiid.

Or, as Jack Flipse suggested, there
would be another economic policy object-
ive the organization would be directed to
protect consumers by taking the attitude that
it is important. fo produce raw materials al
the cheapest possible prices for the largest
number of peop e, regardless of their nation.
ality, That kind of objective could bc <.har-
acterized as pro-wealth. Il assumes the de-
sirability of qenerating as much wealth as
possible from the seabed so that the in-
creased wealth can be rerlistributed.

JuSt lo throw in a sOmewhat artifi-
cial policy objective, one that some people
talk about, you could have a pro-industry
policy. You could say that the purpose of
this organization would be to further in-
dustry, on the assumption that by support-
ing industry yoii will be furthering as well
many of the other interests that I' ve men-
tioned.

Another consideration is to set a
policy aimed at ensuriiig law, order. and
stability so that in this treaty and in its
impleiner>tation everything would be sub-
ordinated to the interests of establishinq
uniforin Iiiw. Under a uniform syster<i <>f
law, we could then be certain that conflicts
are resolved «i the sa<r>e way over and over
again. A stable egal regime is, in the lonq
run, helpful liolh lo inudstry and to the
rest of the world, and for that reason
could be souqht as your primary policy
objective,

Another approach would bc to use
a pro-experimentation-in-foreign-livinq-
together con<>apt, on the theory that the
world desperately needs to find new ways
of getting along, particularly in economic,
affairs. The difficulties I' ve referred to
earlier, that Jack Flipse has referred to, and
that I'm siiie Serqi<> will refer to later, are
extremely important diffi<.ullies. The rich
nalions h;tve to learn to qet alonq with the
poor nations, and to do so in a more equit-
able mari<ter thai> has been the case in the
past. Therefore, we have in the deep sea-
bed an opportu ~ ity to experiment with a
new way of doing business, with a new way
of qeltinq alonq, with new kinds of institu-
tions. That could bo the overridirig policy
objective of this treaty.

Several other options available to the
treaty drafted include establishing a pro-
science objective. n doinq this, you could
assume that the most important thing ever
done in the oceans will be the tree conduc:t
of scientific research. Therefore, if scienti-

fi<. research is given priority, we will qen-
erate much needed know cdqe and infor-
mation. As a result, we will have qreaier and
greater understandinq of the oceans and the
role that they play in the hfe of lliis planet.
Such know edge will surely accrue to the
common benefit.

On the other hand, encouraging
practical educatior> could be an important
objective. In effect, you would promote the
development of technologies for findinq and
extracting seabed resources. Without this,
neither the United States nor any <><her
nation � developed or developing � will
benefit from seabed resources.

Final y, you could follow a policy that
I will call evolution for equity  as distiri-
guished from revo ution f<>r equilyj, This
would mean a kind of new economic order
not as the developing countries define it-
but a new order based on principles of lonq-
lerm stabi ity of expectations. This policy
would have to encourage lhe necessary in-
vestrnent in ocean mining while providinq
rnechanisrns for international community
participation resultinq in a fair dislribulion
of benefits.

tqow, al! theSe objectives that I' ve qiven
you are compatible, ex.cept for one, the
policy for protecting land-based producers of
minerals that are produced in the seabed. The
other objectives can easily be made com-
patib e, but the protection of land-based pro-
ducers tends to defeat most of them. If you
ask what's wronq with the Law of the Sea
treaty, why isn't it working, and why ar<.n't
we aqreeing upon lt, the answer is simple.
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A small number of countries, supported
by a very large number of countries, happen
to think that protecting the interests of
land-based producers of raw materials is
a priority objective and possibly the most
important objective in this negotiation.

Now, I don't want to endorse what
Jack Flipse said, because I dan't have the
text of his remarks in front of me; but by
and large it is the case that in the view of
some countries the method to protect land-
based producers is to form a cartel. In
political terms, the idea would be to grant
the international organization power to
cartelize the resource, with everybody par-
ticipating, so that, whether the United
States wanted a cartel or not, we would
still sign and ratify the treaty, Presumably,
the United States and othe~ industrial
nations with seabed mining technology
would hope that the organization created
by the treaty would be structured so that we
could somehow work within it to prevent
cartel-like actions fram being taken. But
the organization would be created with the
powers of the cartel and that cartel would
severely hamper the growth of seabed
production, thus limiting the benefits to
the international community as a whole,
in the name of protecting a few countries.

Jack mentioned one country that
would be substantially affected by pro-
duction af one of the deep ocean metals.
I et's say that there are half a dozen to a
dozen countries that could claim to be
affected by seabed production. Some of
them � though not all � are developing

countries. I want yov to bear in mind that
nickel, which is the principal metal of
concern, and the principal one to have any
economic impact at all, comes from such
developed covntr'es as Australia, Canada,
the Soviet Union, Rhodesia, and South
Africa. I suspect that the developing coun-
tries have not taken enough trouble to
find out who it is that they' re protecting
with their policy of protecting land-based
producers.

Bvt the land-based producers of
metals contained in seabed nodules, while
numbering only half a dozen or a dozen,
have identified themselves with an im-
portant political issue within the broader
United Nations framework that is refer-
red to as the New Economic Order. This
concept, as used by developing countries in
Law of the Sea negatiations, has developed
rather rapidly and it presents ideas which
call for a revolution far equity. That "revo-
lution" demands the rapid turnover to the
developing countries of the established
methods and procedures � the system that
has permitted the growth and maintenance
of wealth by the industrial countries. Had
the developing countries asked for a slower
turnover in that system, for a constructive
participation in the system, the industrial
nations might have been more enthusiastic.
As it is, a quick change in ovr economic
system would be unsettling, it's both very
rlifficult and very dangerous to do, and it' s
even hard to sympathize with it. On the
other hand, evolution for equity is some-
thing with which one can sympathize, but

it requires the slow building of institutions,
not through dramatic change, bvt with
small incremental changes in the powers of
international institutions and how nations
cooperate in them, and how decisions are
made through them.

So I suggest to you that there has been
no treaty written, and I don't consider the
Single Negotiating Text, the draft referred
to as the Engo Text, a treaty. As a govern-
ment we are prepared to use that document
as a basis far work, but its content is pro-
bably as remote from our own hopes and ex-
pectations for a working negotiating text
as any document could have been I say this
because the New Economic Order has
been planted in almost every article of that
text in the most revolutionary of terms.

Ta explain our objections, remember
what you just saw: manganese nodules being
developed by Deepsea Ventures, Inc., an
American corripany exercising its right of
high seas freedoms But what the Single
Negotiating Text says is. "Such development
by private companies may not be permitted;
we' ll decide that ater, after you agree to the
treaty," In fact, this document says that
there simply may not be any development at
all. Now, I don't know how much more re-
volutionary from the existing order a treaty
text can be, and I don't think the United
States at least is ready to make that kind of
change. Therefore, if the developing coun-
tries persist in this total revolutionary ap-
proach to the seabed, two-thirds af the
earth's surface, the chance for a treaty on
the Law of the Sea in the foreseeable future

wil I diminish.
We will go to New York in lvlarch,

and to informal meetings before then, to
continue this effort to write a treaty. I
suspect that when the developing countries
realize that what I' ve just said is true, they
will begin to develop compromise proposals
 we' ve seen very little of those from that
side, although! must say we' ve put for-
ward many!, When that happens, we may
have a serious negotiation.

Right now we don't yet have a ser-
ious negotiation, and that brings me to a
few final comments. Jack Flipse mentioned
domestic legislation today; this is some-
thing that has been with us for a long time,
Domestic legislation has been pending in
Congress on ocean mining, bvt we in govern-
ment have felt that it would tend to preempt
the process of negotiation and therefore have
opposed it. We' re reviewing that policy right
now in Washington on an urgent basis:
we are supposed to advise the Senate Interior
Committee on October 29th of a new in-
terirn policy for seabed mining. Whether the
administ rati on will continue to oppose
domestic legislation to protect our interests
in seabed resources is now open to question
Whether there are alternative forms of legis-
lation that would not tend to preempt the
negotiation is now also a serious question.
Efforts to draft such legislation just to see
what it would look like have begun.

Domestic legislation is what the in-
dustry was begging us ta enact six or seven
years ago, but we have said no, we won't do it
we ve got a commitment to negotiate a
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treaty and we believe that there is good faith
in those negotiatior>s. Wel, there still seems
ta be goad faith in the negotiations. But
the policy interests of countries are widely
disparate, and, until <hate is evidence chat
these ir>terescs wil come together, il would
appear that negotiatinq a treaty will cake
a l<>iiq time. And if ii does take a lonq time
to negotiate a treaty, ther> ii is logic;al tu
make an assess<>ieiil. of the risks created by
such delay ta your domestic.: capability to
produce inine<als fracn the seabed.

In a free enterprise e<tor!oiriy,'we get
aur ability to produce cr>inerals from the
initiatives of our private companies. am,
as Ira correctly pointed ouc, tlie Administra-
tor of the Ocean Miiiing Administration.
But, I am nOt an OCean miner. Our gaVern-
ment cfoesn't d<> >his. The industry d<>es.
And the question that faces us right now
is whethc r we are at the pair>I where con-
tinued neqotiation without ariy other actiori
by government will suffii:iently discoucaqe
private industries so that they will either
abandon devel<iprnent of ocean mininq
technal<iqy, or abaridon the Uniied States
for a more favorable investment climate. If
we conclude that America will lose its
domesti<. ocean reining capability, and
iherefoce lose the security of access to
important resources without which our
qreat industrial cities would not hum, then
we may have to c<>nsider docnestic legisla-
tion th;>i is at least adequate to ensure that
the incentive co continue devel op men t of
aiieiin mining technology isri't lost. This
does not mean tliat we have to develop, as

industry has urged, a full comprehensive
requ atory system for ocean mining,
which really would preempt a treaty, But
it does mean that we would have to find
out how much lass of incentive is caused by
the c:ontinciing ncaa<in<ion of a treaty, the
outcome of which is uncertain, and to find
a way of ceducinq that oss so as to keep
the industry  I ! on schedule encl �! dornes-
ti<.aced. Indeed, il Ilie industry does lose
its incentive in the next two years or so,
what will there be for the International
Seabed Resource Authority to regulate?

I can't say how this issue will be re-
solved, But I think we' re in a different
ba I game naw.

Than k you, I r a.

Dr. Dyer:
For the sake of continuity on this issue, I
will qo ta Serqio Thainpsan-F ores, and ask
him to comment on this polarization along
with other issues he may choose to address,

IVir. Thompson-Flores:
Dr. Dyer, I remember that a coup e of years
ago I carne tu Woods Hole in Massachusetts
to discuss a subject related to this one. That
was the questior> of scientific research versus
the 200.mile limit, which certain countries
had at the time. At that moment, we who
held the position that coastal stales had a
right t<! avail themselves of the resources
within a 200-mile area, and ta protect
those resources for their own citizens,
were considered ittle mare thar> lunatics, if
I may say so. I remember that on that oc-
casion I was particularly gratified to be in
New England, in the Commonwealth of
Massachusetts, which then held the same
position in this country that we had. I
am happy to see that aur position, and the
position of the Commonwealth of Mas-
sachusetts and New England, may be
adopted by the United States.

I hope that the same phenomenon will
alsa apply in the deep seabed mining ques-
tion. The rationale on our part is very close
ta the one we had with respect to the 200-
mile limit, that this area of the ocean floor
beyond national jurisdiction be ongs to
mank ind as a whole. This principle has been
recognized. But a corollary of this principle
is that exp oitation of the area's resources
have Io benefit mankind as a whale, That is,

every human being, no rnatter where he or
she may live, has intrinsically the same right
to benefit froin the adiriinistration of the
area and the exploitation of its resources.
think that this is the core of the conirovecsy
in the First Committee of the Conferences
on the Law of the Sea.

Haw are we going to ensure that this
principle is in fact implemented? At this
point I <>annot avoid commenting on the
first position that was put forward by the
United States in 1970. Our study af that
proposal led us to the conclusion that the
proposed organization would be little
more than a registry office, which would
guarantee tenure of investments ta those
who came forward with claims ike Deepsea
Ventures's, and which would ensure that
claimants would be free to exploit the
area as they saw fit, with no limitation on
the minerals exploited. Assistance such as
this would mean that we would quickly
give up 60 percent ac more of the woild's
seabed ln th<>se who are actively able to
exploit the area. We would be giving the
most developed countries an added and im-
rneasurab e advantage over anybody else.

Of course the arqument was made
then by Mr. Ra<incr, and repeated exten-
sively by him last year in Caracas, and the
same arqument has been presented today
by Mr, Fllpse, that in fact everybody
would benefit if those who are technolog-
ically capable cauld exploit the area, and
if the products of this exploitation could
be dist>.ibuted worldwide But, to those
who have studied economics and who have
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dealt with international negotiation in the
economic field, this argument is entirely
without foundation. The benefits of any
exploitation accrue mainly to those who
undertake the exploitation, and seldom to
others.

For the last few years several of the
developing countries have started studying
prob erns of deep seabed miriing, and have
tried to devise a system that would be more
equitable to everyone. At this point we
have a consensus of a number of developing
countries in agreement on a basic systerri
that does not seek to inhibit exploration or
exploitation of the area, Quite the opposite:
we want the area to be explored, we want
the area to be exploited, but we want to
be sure that those activities will benefit
every one of us, nat only the countries that
have the know.how, the technology, and
the funds to engage in the activities.

We think Ihat there are many ways to
do this, The authority, the international
organization ro be ser up, should be em-
powered to participate in seabed activities.
Enterprises f ra in developed countr ies h ave
had no major problems in engaging in all
kinds of economic and rriining activities
in some eighty countries around the wor d
on a basis of sharing profits and equity in
operationS, Whar iS important in the Cari-
ference negotiations on the seabed is to
build an organization that is more than a
registry office, an organization that has
power to operate in rhe area in associar«tn
with companies in order to benefit every.
body. The organization must be built up

in such a way that the interests of every-
body will be taken into account, and
the powers of each agency of the organiza-
tion must be established so that those wha
are able to go into the seabed will fee
that their investments will be secure and
that they will have guarantee of tenure,

I rhink thar this can be worked out;
there is no reason why it should not be.
The main stumbling block here resides not
in our position, bvt in the position of the
major technological powers, which have
to understand that we will not accept any
treaty that will amount to our giving up
the seabed to those who can exploit it
actively. The seabed belongs to us as well
as to the United States and the Soviet
Un«an, and we also hope to be able to ex-
ploit the area in the future within the con-
text of rhe authority. I think that this is
the basic point; I haven't gone into de-
tai s, because Leigh Rariner, who has been
in this at least as long as I have or may-
be loather, has given you a good picture
of the main problems that the negotia-
tors must debate, discuss, and agree upon
with respect ta a treaty that will establish
a new organization

Thank you.

Dr. Dyer:
Thank you, Sergio, I suspect that there are
troubles in other areas too. Roger Burns,
do we understand the chemistry of mang-
anese nodules?

Dr. Burns:
No, I guess we don' t. I was rather heart-
ened by Jack's attitude toward science, and
I say that in light of the following situa-
tion. At the present time, the Nationa
Science Foundation, through the auspices
of the International Decade of Ocean Ex.
p oration, has launched a program of re-
search into the origin and distribution of
the nickel- and capper-rich nodules found
in the northeast equatorial Pacific. A
group of scientists working on this pro-
ject throughout the Uniited States has an
advisory body containing scientists them-
selves and representatives from industry.
One of the industry representatives re-
cently came out with the crippling com-
ment that scientists had not discovered any-
thing unknown to industry, and that re-
search was not contributing any knowledge
that was useful to mining companies at the
present time. This makes you wonder
whether it's worthwhile continuing to do
things in the lab.

However, listening to John Flipse
today makes me realize that there is a need
for collaborative research, particularly
after hearing the politicians quip at each
other. At least scientists, when they' re not
competing to publish first, are cooperating
with one another to a certain extent in

marine research, This applies ta researchers
in the United States and to joint oceano-
graphic ventures with groups from West
Germany, France, Japan, and New Zealand,
currently being sponsored under the n-
ternat iona Decade of Ocean Exploration
program.

The problem of just how manganese
nodules form, and in particular how the de-
posits enrich copper and nickel, is a really
intriguing one. Referring back to a point
that John made in his lecture, the place
where Deepsea Ventures tested a mining
operation on the Blake Plateau is beneath
only 2500 feet of seawater. One may ask
why nodule mining is not proposed far the
Blake Plateau, just off the Florida coast,
and less than 200 miles away fram the rnain-
land. But the answer is, of course, that the
nodules there just don't have much nickel
or copper in them.

The area of interest, both economical-
ly and scientifically, is three miles below
sea level along a belt in the northeast
equatorial Pacific, between Hawaii and
Baja California, and one needs to under-
stand the factors that lead to the enrich-
ment of nickel and copper in the nodules
there. It turns out that the sea floor there
underlies a zone of high biological pro-
ductivity near the equator, One theory in
vogue these days on the formation and up-
take of the metals is that organisms in the
water column abave the sea floor concen-
trate the metals. Fragments of biological
debris rain down an the sea floor and then
by a process yet to be understood, the

24 25



metals are liberated and taken into fer-
romanganese oxide minerals during the
growth of the nodules.

The study of nodule chemistry has
some important economic overtones, I
believe The deposits form in periods of
rapid growth, but there are long periods af
hiatus. It is not uncommon to find growth
layers 10 to 100 rnicrons wide inside the
nodules that contain metal oxide deposits
with about 40 percent manganese, 5 or
6 percent nicke, and 3 or 4 percent copper.
That would be a pretty handsome ore if you
could find widespread quantities of it on the
surface of the earth

A major problem that scientists are
looking at now is whether the nodules are
a fossi! deposit that stopped growing mil-
lions of years ago, or whether nodules are
still being formed If they are sti I growing,
then one could appease environmenta lists
with the argument that a reserve is not being
depleted. On the other hand, if the nodules
are growing today, lhen one may be con-
cerned about the impact of ocean mining
on marine life, which, in addition to being
a food source for man, may be enriching
the metals. Jack highlighted some of the en-
vironmental problems. However, I wonder
whether, in the process of bringing the
nodules to the surface and sluicing them,
you might indeed be unloading a fair
amount of sediment ta the overlying
water column, where there is so much
marine life, and Wether in so doing we
might actually destroy the very agency that
extracts the metals from seawater,

I'm very much heartened by Jack's
definition of engineering, namely, that
when science becomes useful, it becomes
engineering. A scientist, therefore, can
aspire to study manganese nodules in the
hope that perhaps he can discover a pro-
cess or principle that will be of technological
importance. One can conceive of an example'
the manganese oxide minerals are the neces-
sary ingredient for enriching nickel and cop-
per in the nodules. Perhaps if one were to
take the B ake Plateau nodu es, which
don't have much copper and nickel in them,
but which are close to the American rnain-
land, then one could use that substrate to
fractionate out the nickel and copper from
seawater pumped over crushed nodules
mined from the Blake Plateau. If such a
technological process could be developed,
then the United States could make use of
the more accessible and less controversial
Blake Plateau nodules, instead of the depo.
sits in the Pacific thousands of miles from
any one nation's Iuriscliction.

Dr. Dyer:
Marne, you and your colleagues are rnarch-
ing towards manganese nodule mining as
well; can you respond from your perspect-
ive?

Mr. Dubs:
Well, it's a great temptation to give really a
potpourri of perspectives, since there are so
many interesting things said by members of
the panel that almost cry for comment.
However, would like to start by saying
that, Jack, I think you gave a masterful
presentation af this problem of science,
engineering, economics, and politics in
ocean hard mineral development, and I
would like to associate myself with about 99
percent of your remarks. The 1 percent that
I disagree with we' ll let go for some other
time.

The very title of this lecture and syrn-
posivm illustrates the problem that busi-
ness people and industrialists face, and per-
haps the problem that administrators and
policy makers in Washington and in other
capitals face. Normally when we consider
a new development, we have to worry about
whether the technology is right. Sometimes
we don't have to worry abo~t the science;
sometimes the engineering is done, and all
we have to do is go to the capital markets
and raise the capital Frequently we have
to contend with whether the products wi I
be sold. Often we have to deal with politics,
but certainly very seldom da we have to
deal with international politics. So ocean
hard mineral development is a very unique

kind of human activity. in tact, I think
the sensible businessman should walk
away from it: there are too many develop-
rnents that have ta occur all at once.

Now why should the sensible busi.
nessrnan pay any attention to manganese
nodules, and why should the policy makers
in Washington and other capitals pay at-
tention? Perhaps my political friends here
suggest that it has to do with international
politics, world stability, and world eco-
nomic order But that's not really what
be ieve it's about The basic issue is a new
world resource � a world resource of large
dimensions. Just assigning value to the
nicke content in the manganese nodules
that one could hope to mine economically
by present technology if completely and
svccessfu ly developed, the amount af
nickel is certainly at least equivalent to the
nickel reserves in the world today. Clearly
the nodules represent a large nickel reserve.
They also are a very large copper reserve,
and I should put reserve in quotation marks:
in the mining industry, we only call ore a
reserve if it is economically exploitable
today. The amount of copper in the nodules
corresponds very closely to the total land-
based copper reserves in the world, One
could make similar statements with respect
to the cobalt and manganese.

Thus the nodules are a very large re-
source, a source of metals for the world, and
particularly valuable for United States inter-
ests. Jack Flipse has pointed this aut in his
lecture, but I wovld simply like.to empha-
size that we are have-nots with respect to
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the nickel, c:obalt, and manganese, and al-
though we are the world's largest producer
of copper, we still have to import a large
amoiint of it. f we look at the total effeci
of this importation on our economy, we
see that it has a substantial influence on our
balance of payments, not to the same degree
as petroleum, but still substantial. So the
name of the ocean mineral development
gaiiic is that it's a unique resource,

Being a unique resource, though, the
nodu cs also represent a uniqiie develop-
ment problem. I agree with Jack arid Leigh
that the engineering has advanced to the
point where we can look forward to ex-
ploitation. The problems of exploitation
are not those of solving unknown, strange,
engineering problems, but of solving busi-
ness problems. The technology is very
c ose to being in hand, although the mining
has not yet been done on a commercial
scale, and until it has been there are substan-
tial and perhaps unknown technological
risks. With respect to the technology, the
kinds of things that Jack Flipse talked
about other companies have also done,
perhaps a little differently, bvt along
somewhat similar lines.

I would also like to comment on an
unvsua business problem connected witli
the nodules that has nothing to do with
politics per se. This unusua problem is that
the developinental costs, both for the early
science and early basic engineering, and
now for the full-scale engineering, are un-
usual i ~ any development carried out I>y pri-
vate industry and perhaps even by govern-

iiient, except for prograiiis su<:h as the
atomic energy and space efforts. Normally
new ventiires are launched with only a
few tens of millions of dollars for research
and development, and it's very rare that,
before a commercial success is assured, a
new developineiit will reqiiire expeiiditures
exceeding a hundred million dollars Jack
Flipse gave some hint of the high cost of
this development in his lecture, and I
think he was understating rather thaii over-
stating the case. Thus we do have an unusual
business risk and exposure. Nevertheless, in.
dustry has proceeded with this develop-
ment, and is in fact now poised on the
brink of commercial exploitation.

The main problem facinq industry
today then is the question of the uncertain
investmeiil climate that was described most
graphically by Jack. Banks cannot stand un-
certaiiity, and particularly uncertainties
suc:h as the question of who owns the no-
dules. Thus the primary business problem is
how to obtain the secure investment cli-
rnate that will permit companies to develop
this resouice, which will fit United States
and world needs. The Law of the Sea treaty
is a dream in many persons' minds, certaiiily
ii has long been a dream for Mr Thornpson-
Flores arid Mr. Ratirier. However, I'm not
sure it's a dreani that has much chance of
tieing realigned, it's more ike a quest for the
Holy Grail,

The polar positions have been described
very well today by our two diplomat politi-
cians, and I would like to comment on a
couple of points that Mr. Thompson-Flores

made, which I think may be at the core of
some of the problems faced in the treaty. One
comment he made was that the benefits
of a resource accrue mainly to those who
undertake exploitation, I think that this is
a fal acy that has been indulged in by the
d veloping world for far too long. It is dif-
ficult to illustrate lust what is at the root
of this fallacy, but perhaps I could express it
by analogy. Let's take fuel as an example,
since energy is an important item At present-
day prices, the person who exploits crude
oil and refines it into petroleum and then
perhaps into gasoline receives sixty cents per
gallon in the United States, and, depending
on the price situation. a dollar a ga lon in
Europe. But the benefits that could accrue
to mankind are not in that sixty cents or
dollar for the gallon of gasoline; the benefits
really accrue to those who usc the gasoline
in a chain saw to do twenty persons' work
in a forest. That's perhaps too sirnpl ~ an
example, but we could multiply it to a
national basis by looking at the case of Japan.
The benefits of resources for Japan do not
come from the exploitation, but from the
use of the resources. Jack F ipse's statement
that the benefits will come through riiaking
cheap resources available is the correct slant

Mr. Thompson-Flores pointed out
another thing that I think is very pertinent,
this whole prob em of the ideology and th<
philosophy of the Law of the Sea treaty,
this little concept of the common heri tage
of mankind. If we would put sixteen diplo
mats from sixteen countries in a room, pre-
vent them from hearing each other, and ask

them simply to state their definitions of
the common heritage of mankind, I suspect
that we would have sixteen different inean-
ings, Certainly, the meaning I see for the
United States is different from iiieanings I
have seen for some other countries. How-
ever, there are other things buried uiider
that ideological and philosophic difference.
Leigh pointed out the prob ems in the ma-
chinery and regime of the Law of the Sea
treaty. He also suggested that most of
these problems could be solved by getting
rid of the mandate of protecting the land-
based producers. I agree with that, and I
think that that issue has in fact poisoned
both the negotiation arid the concept of the
common heritage of mankind.

I think that I would disagree with Mr.
Thompson-Flores when he suggests that,
throuqh the position of the developing
world, Ihe organization of the treaty would
be such that a I interests would be properly
represented, that all interests would be
protected, that it would be fair and lust for
everyone. Perhaps I extend his words and
meaning too far, bvt if I look at the draft
document, the single negotiating text pre-
pared by Mr Paul Engo of the United Re-
pub ic of Cameroon, I note, if I read the
document correctly, that the supreme
policy-making organ in the treaty is the as-
sernbly. Of course, the assembly is based on
one nation, one vote. Under that arrange-
ment, in the Law of the Sea organi~ation, or
let's say in the seabed organization, we
would have a situation that, in effect,
would not represent everyone's interests
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but would probably represent a noninterest.
Well, where does all this lead us? I

think that the United States, as a c:ountry,
as a nation, as a government, has got to
stop looking at ocean hard mineral develop-
ment as a Law of the Sea or international
political problem, and begin to see it as a
problem of creatinq the proper atmosphere
for investment in the development of ocean
resources. If the United States looks care-
fully at the prospects for a treaty, then it
will conclude that something must be done
about domestic legislation. I note before
this group  and I' ll say it in my own words,
with which they may not completely agree!
that our government, in testimony before
Congress, has stated many times that the
development of ocean mineral resources is
important, both for the country and for
the country's economy, that it shou d be
encouraged, and that these resources should
be developed in timely fashion for a I the
reasons that have been pointed out. The
government has stated that if a Law of the
Sea treaty, which is both satisfactory and
timely, is not obtained, then it is the
government's duty to see to this question
of legislation that will encourage develop-
rnent. If we look at the thread of this
testimony before Congress, we find that
the magic year is 1975. So those of us in
industry who are interested in developing
the ocean hard mineral resources say, 1975
is here, now let's act.

Dr. Dyer:
It does seem to me that if there is a con-
sensus among the panelists on this table, it
is that some action is necessary, and wi I be
taken, though it isn't yet clear what that
action will be.

I should like to have you in the au-
dience further sharpen the issues or further
elucidate some points by asking questions or
making statements as you see fit. While
you' re thinking, I was struck by two com-
ments of Jack's that seem to me, at east
on the surface, to conflict. On one hand,
Jack states that the impact of nodule min-
ing on the copper industry or the copper
producers will be minimal. On the other
hand, he states that we ought to take
manganese nodules to prevent formation
of cartels. In what way does that conflict
resolve itself in your mind, Jack?

Mr. Flipse:
If ten million tons of nodules were mined
annually by the early 1980s, they would sup-
ply approximately 3 percent of United
States copper needs. The basis on which
Kennecott, INCO, or ourse ves price cop-
per is by looking at its history  it has a
weird-looking price curve! and forecasting
that it will be worth 80 cents or 65 cents
or 72 cents or some such conservative
va ue in 1980. If copper were to quadruple
in price, the ocean mining industry would
have the incentive to put out to sea twenty
rigs or more.

I think the influence of having ocean
mining available to the United States, and

to the other developed nations, is to keep
the current producers honest! If they go
ahead and form cartels and increase prices
dramatically, there would be no question of
the profitability of the American ocean
mining program, and it would be off with
a whoop and a wallop. The threat alone has
a very, very real value, and, as I think
Leigh said in another way, it's the heart of
the issue. If the seabed authority must
have control over prices and production,
which it does under any of the proposals
that the Group of Seventy-Seven have
tabled, there is no way that we can be in
business. How can we go out there if they
are going to set our prices or turn down
our production once we' ve committed
several hundred million dollars? Hence, I
don't think my statements are inconsistent
Current forecasts of production are for
very low evels, but the potential for in-
creased production will keep the land-
based producers honest. If it doesn' t, and
the price actually goes up appreciably,
the production levels could be raised rapid-
ly, and in a couple of years additional
mining rigs cou d be built and put in
position.

Mr. Retiner:
I would ike to comment on something
both Jack and Marne have said, that the
important, or perhaps the most important,
issue is making sure that there are secure
investment conditions so that industry can
invest with some degree of cet tainty, I
think that if we left the industry to nego-
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tiatc with the developing countries, a
treaty cauld be produced rather easily that
wauld protect the security of investment.
It is not industry that is standing in the
way af this treaiy; it is the United States
government and the developing countries,
which have differing interests. Our interest
is in access to raw materials. Developing
ri>iiritries iilairitain that their interests can
only be served by controlling access to the
resources. The industt ies' interest, on the
niher banc, is in profits. Once industries
qet access and if that access is proter.ted for
a reasonable period, they can make their
profits. They miqht want other things,
such as additional access next year, but
if the basic profit incentive can be pro-
moted arid prate<;ted that is good enough
for industry

But it is riot enough for the United
States qovernment, and that is what is caus-
ing this treaty negotiation tn falter. IVlany
people think that the United States govern-
ment is somehow supporting its industry,
and that it is industry that is holding us all
back. This isn'  true, The problem is that
we in government, after the experience
we' ve had with oil, are not about to agree
tn a treaty without a guararitee of access
to the resources. Otherwise, we would face
essentially the same situation as the OPEC
countries were able to create with oil We
are not going to agree to create a cartel for
seabed minerals. Therefore, it is nnt ade-
quate for the developing countries to tell
us that they will protect the security of our
coiripanies' investments. Our primary con-

cern is not our companies' investments;
what we care about is makinq sure that our
companies have 'access to the raw materials
that are needed for our industrial economy
But we do hope that our companies will
make a profit because that is what will en-
courage them to go on producing in the
future.

It's the developing countries' posi-
tion that we, as a sovereign state, the United
States of America, cannni be assured of
access ta those resources, and that only an
i ri te mat iona I au thor i ty, as Meme says,
with the supreme policy-making power
vested in a "one nation, one vote" as-
sembly, can make the kinds of decisions that
wi I permit us to have access to the raw
materials. To go back to what I said earlier,
the reason for that position is to ensure the
viability of a total system controlling pro-
duction, that is, the international authority
can limit or control production by deny-
ing access to the raw mater ials The indus-
try. I s»spec:t, could live with that system, if
it had to. The people of this country can' t.

Question:
The United States government seems rnoti-
vated by the threat of another OPEC in
nonferrous metals. Now, if yov look at the
production figures and current costs for all
the various minerals, and if you assume that
you have separate cartels for each mineral,
which effectively quadruple the price, you
are talk ing about much smaller flows of
money than in the case af oil. Yov will not
have manganese dollars as you have petro-
dollars to destabilize the international
monetary situation, What is the entire cost
of this to American consumers in Ameri-
can dollars, that worries you enough to
faresta I a treaty~

Mr. Dubs:
Perhaps! may nat answer this directly, but
let's take some of the elements one by one.
There is another concept we should have
introduced, in addition to the concept of
cartel, that of the dependence of the United
States economy on certain critical minerals.
You cannot make a pound of steel without
manganese. The United States does not have
manganese: any manganese deposits in the
United States are very low grade. You could
say that processors might recover man-
ganese front these ores anyway, but, never-
theless, manganese supplies today are con-
trolled by a relatively small number of coun-
tries  one producer, of course, is Mr. Thompson-
F lares's country af Brazil.! The cost af
manganese has gone up three times since
the change in energy casts. Now, there has
been no announced manganese cartel, and

as far as I know there is no manganese as-
sociation, Yet those who are active in the
manganese business do not hesitate ta say
that there is apparently a manganese club
and that manganese tends to have an ad-
rninistered price, as compared to a free
market price

Now, would manganese always be
available to the United States steel industry?
Perhaps so, perhaps not, and I II use Brazil
as an example. I don't know how much
ma~ganesa we now import from Brazil, but,
at its current fantastic rate of growth, it
will be very difficult for Brazil to rnain-
tain the status of a developing country for
much longer, if now. I dare say that its
policy planners rrrust be concerned about the
availability of manganese for the Brazi ian
steel industry, because it's not clear that
the country has manganese in sufficient
quantity. So we may see various national
and political problems that, in fact, may
make manganese less available to us, and,
since it is contro Ied by a relatively few
number of countries, it cou d even be denied
ta us.

In the case of cobalt, which is very
essential ta a developed nation's economy
such as ours, the situation is even plainer
this metal is really only available from one
country, Zaire in Africa. The United States
does have a huge national stockpile of
caba t purchased many years aga, and re-
leases from the stockpile have provided suf-
ficient cobalt ta satisfy our needs. Bvt
cobalt production in the United States has
not been sufficient for our needs, and we
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cannot necessarily depend today on the
supply f ro m other countries.

So the major point I want to make is
that it's not entirely a case of the actual
dollar outflow and inflow, but of the de-
pendence of an industry in which these
dollars are multiplied by 150 or 200 times.
In fact, the actual dollars are not insigni-.
ficant. without statistics in front of me, I
be ieve the outflow in 1974 for these raw
materials was on the order of a billion
dollars or more, and by 1980 the outflow is
expected to be around five billion dollars.
That is a small amount in comparison to
expenditures for oil, but it's still very
significant.

Dr. Dyer:
With thanks to the Sea Grant Lecturer and
to the panelists, I now declare the Fourth
Annua I Sea Grant Lecture and Symposium
at an end.
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