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INTRODUCTION

In Che spring ol 1980 Che 1nCrrnationnI Ocean Institute 
initiated its Training Programme on the Management and 
Conservation of Marine Resources, with a "Class A" course, 
devoted to the promises and problems of ocean mining.

The course, which lasted twelve weeks, was attended 
by nineteen participants T rout twelve developing countries. 
Lecturers came from all parts of the world.

The scope of the programme can be gauged bv looking 
at the tabLe of contents of this volume, which collects 
the main Lectures presented during the course. The programme 
covered the scicntific/techno 1ogica1 . the economic/socia 1 , 
and the 1egaL/politlea 1 aspects of ocean mining. It
analysed and complemented the ongoing work of the Third 
United Nations Conference on Lho Law of the Sea. it 
tried to elucidate the importance o f ocean mining, arid
its complex technologies, for developing countries.

A year has passed since these lectures were offered 
and these discussions took place. A number ot developments
have taken place in this time span, which, in some ways, 
change the context in which ocean mining is likely to 
take pLace and in which it can benefit developing countries.

The structure and the I unctions ol the International 
Seabed Authority have been challenged by two ditterent 
trains of events.

in the spring of 198 1 the Government ot the United 
States Let it be known that. it had radically changed 
its points of view, anti that fundamental aspects of 
the Seabed Authority, as negotiated at the Conference 
on the Law of the Sea, were unacceptable. Since the
U.S. was supposed to be one ol the major cont ributors 
of funds and technologies, its nonparticipation would 
undoubtedly cause certain problems.

The second train of events led to the unambiguous 
recognition of Che fact that manganese nodules, which, 
it had been supposed, were to be found onlv in the inter
national area, art' to be I ounii , instead, in ar>as under 
nationaL jurisdiction, so that Che first mining contracts 
-- when they come -- are likely to he made between companies



and coast.il states rather than with the Authority.
(his does not mean in anv wav that the Authority 

is now super! I nous and can be1 dispensed with. ! he importance 
of the Authority remains undiminished: it is a conceptual
break-1 h rough, heralding a new form of internation.il
cooperation and organization tor the future. The role 
it can pL.av in development cooperation and in the North- 
South Dialogue is unique. What has become clear . however. 
is that, even if the Dralt Convention were to he adopted 
and ratified this year, with or without the participation 
of the United States, the functions of the Seabed Authority 
during the 1980 and 1990s would have to be reconceptua
lized. Inapplicable parts mav have to be let slip into 
oblivion; applicable parts mav have to be interpreted 
and developed. This may be the basic task of the Preparatory 
Commission. It is also t o he hoped tluit future "Class 
A" programmes mav contribute to this development .

The scientific and technological bases and require
ments, as presented in this volume, remain unchanged. 
Participants in future courses should attempt to disaggre
gate this complex technological basis into its various 
components (oceanographic research and exploration: 
mining; ship construction; navigational skills; processing; 
data processing; systems management) and ask themselves: 
Does my country possess any of these technologies or 
skills? Could It profit mv country to enter into an 
international joint enterprise and contribute these 
technologies or skills? If so, mv country should be 
taken into due consideration in any i nt e rnat'i ona 1 arrange
ment on seabed mining. The second question participants 
might ask concerns the sophisticated high-technology 
components of seabed mining technology. The question 
is: What benefit could my country derive from a transfer
of such technology? What ¿ire the potential alternative 
uses of this technology? What ¿ire the spin-otfs and 
tangential. benefits for development in my country ? A 
number of possible positive answers mav be given, varying 
from country to country, ¿irid this may determine a country's 
policy with regard to the Authority.

The over-all question that ¿irises t rom the study 
of alL this materiel 1 is the question of the role of 
very advanced technology in the development process 
and in bridging the gap between "North" and "South."



1 1 1

Ocean mining is one component oi t H < * ongoing penetra
tion of the oceans by the industrial revolution. This, 
in turn, is a component of the "Third Wave" of the indust
rial revolution which is so profoundly shaking and painfully 
and radically transforming industrial civilization in 
the "North." The idea that this is <>l no interest to 
developing countries, which have f i r s t  t o  catch up with 
the previous phases and satisfy their basic needs, is 
fallacious. Were developing countries to follow this 
advice, the gap between "North" and "South" would widen 
to the extent of becoming unbridgeable with consequences 
chat would be intolerable for both "South" and "North."

This programme is meant as a small contribution 
Cowards increasing the awareness of these enormous probLems, 
and towards strengthening the determination to solve 
them, on the basis that the resources of the oceans 
and the knowledge and the skills required to benefit 
from them, truly are the Common Heritage of Mankind.
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3.
OCEAN MINERAL RESOURCES 

WITH EMPHASIS ON AREAS BEYOND THE EEZ

INTRODUCTION

I.

Marine resources 
In this study we

are either chemical, geological °r biological, 
will only be concerned with the first two types, 

and principally the geological or mineral resources. These geological 
resources can be either auihigenic, detrital or organic; they occur 
in large quantities, but presently several arc not profitably exploit
able. Though ocean mining is a complex undertaking, it otters neverthe
less, an enormous potential, including, for some countries, the
possibility of becoming independent of foreign suppliers of raw 
materials. Since environmental risks exist, exploitation standards, 
regulatory systems, coastal zone planning and licensing should be 
included in any overall ocean mining scheme. Any such scheme is
currently entangled in problems resulting from the unsettled matter
of national sovereignty and the staggering initial capital investment. 
Besides oil and gas, the earliest needs are sand, gravel, calcium
carbonate, titanium, gold placers, phosphorite; current operations, 
exclusive of hydrocarbons recovery, include iron and coal, tin, 
magnesium, bromine, sand, salt, gold and building materials.

The value of these resources is awesome. In terms of 1976 dollars, 
offshore oil production can be estimated at $83 billion a year, 
nodules metals are worth between $200 million and $1 billion a year, 
with reserves assessed at 22 billion tons, and ocean shipping is 
worth $51 billion a year.

Strictly speaking, the mineral resources of the ocean should 
only include actual mineral products, but the concept has been widened 
to encompass such other nonliving resources as water and energy. 
Espousing this broader viewpoint the deep sea area possesses resources 
contained in such sediments as calcareous and siliceous oozes and 
red clays, and in authigenics like manganese nodules, while the 
continental slope has phosphorite, ferromanganese oxides and associated 
metals (cobalt, nickel, copper), and metalliferous muds containing 
a.o. zinc, copper, lead and silver. The continental rise could have 
possible deposits of oil, gas and sulfur, while there is some specu
lation that metallic minerals could be found on the ridges.

From an 
deposits and 
location and 
we will cons 
the Exlusive 
economic asse 
decisions may

economic viewpoint, mineral resources mean exploitable 
eserves, although they may be such in one geographical 
not necessarily in another; however, for our purpose 
ier as mineral resources all available deposits outside 
economic Zone. While many of these may not be a clear 
, depletion of land reserves, global politics, government 
take them "true resources" in the future.
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2.

OCEAN WATER

Ocean water const itut es
human consumpt ion, agr icult

2.1. Fresh Water from the

valuable resource. It 
agriculture and energy production.

can be used lor

Leaving aside such unusual uses of sea water as lava cooling 
during volcanic eruptions, e.g. on Heimaey (Iceland), ocean water 
can help in solving the problem of fresh water needs in several 
countries. There are three ways in which this can occur: tapping 
of ocean floor springs, iceberg towing and desalination.

2.1.1. Fresh Water Springs

Springs of fresh water exist on the ocean floor. Few are tapped; 
in Greece some of this water is captured, but most remains in the 
sea. Such springs are encountered in several geographic locations 
such as in the Mediterranean (Greece), off the southern Atlantic 
coast of the United States, in the Carribean and the Gulf of Mexico, 
near the coast of Columbia/Venezuela and in the Pacific Ocean.

2.1.2. Iceberg Towing

Ninety percent of the world's ice (the largest source of fresh 
water) is in Antarctica. The 13 cubic kilometers of ice represent 
707, of the earth's fresh water. If this ice cap melted, the ocean 
level would rise over 250 meters world-wide and every coastal city 
would be wiped out. The Antarctic Ocean is also the birthplace of 
most of the icebergs. Already at the end of the 19th century, small 
icebergs were towed to Valparaiso to provide fresh water. It would 
take 10 months to tow a one square kilometer by 250 meters iceberg 
to the Atacama Desert (Chile), yet theoretically the operation would 
leave a $1.4 million profit on 35 million cubic meters of water. 
The French enterprise CICERO estimates a 7 month trip necessary 
to reach Saudi Arabia where water costs just under a dollar a cubic 
meter, and a selling price of about *60 <t US. Apparently the cost 
is reasonable since a cubic meter costs .25t US in France.

2.1.3. Desalination

Desalination plants number several hundreds, but production 
costs are high even in countries that have plenty of fuel to operate 
them. In Kuwait fresh water is produced at about .15 c US a cubic 
meter: costs could be reduced by using larger plants and/or running
them on nuclear power. Some thought is being given to 100,000 to 
500,000 cubic meters daily production.
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2.2. Therapeutic Uses

Thalassotherapy has known highs and lows as a treatment during 
the last seventy years. There are, in Europe, numerous such centers, 
e.g. in Germany, France, Belgium, Romania and Bulgaria. St.a water 
is used for injection, oral and nasal use, f°r massages, baths, 
etc. In some stations thalassotherapy is combined with acupuncture. 
The 17th International Congress was held in May 1979 in Varna, Bulgaria. 
It is a great incentive for littoral tourism.

Ocean water is also a promising drug chest, yielding directly 
or through organisms such products as agar, iodine, diatom ooze, 
alginic acid, antibiotics, etc.

2.3. Energy Sources

We extract hydrocarbons from under the ocean floor, a topic 
to be discussed later, and also we can harness various forms of 
ocean energy. This mostly renewable resource is becoming of greater 
value as other supplies, e.g. the conventional fuels, get depleted 
and increase in price. Needs in fossil energy jumped from 1800 to 
1970 from 300 calories per person to 22,300 calories. The major 
block to tapping the ocean's energy for electricity production was 
capital costs but such power is fast becoming competitive with conven
tionally produced electricity.

2.3.1. Tidal Energy

Tidal movements have been used to provide mechanical power 
for hundreds of years; tide mills functioned on the Danube, in England, 
Wales, Brittany, the United States, Canada and Russia. The first 
attempts to use tides for electricity production were made in the 
thirties on the coast of Maine (USA) and slightly before at Aber 
Wrac'h (France).

Since 1966 a full-size plant has been operating in the Ranee 
River estuary near St. Main (France) providing 544 million kwh net. 
The scheme is integrated in the French national grid. In 1969, the 
Soviets completed a 400,000 kw plant on the bay of Kislaya (Gulf 
of Mezen). Since then over 120 small schemes have been put into 
service by the Chinese. Construction costs being very high, governments 
are hesitant to help build more plants and a mammoth-sized facility 
near the Chausey Islands (France) remains on the drawing boards. 
Perhaps more thought ought to be given to small plants of regional 
or even local interest. Any dream of harnessing the total global 
tidaj^ energy is unrealistic but perhaps between 15 and 20% of these 
3x10 watts could be. Tidal power is certainly a realistic suppletive 
source of energy.
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Closest to realization of a new tidal power plant is the Canadian 

Bay of Fundy scheme with a production exceeding 1700 kwh. A small 
plant could also be built by native Americans in Main and another 
one in Alaska. A most ambitious Soviet scheme on the Sea of Okhotsk 
apparently has not progressed since it was announced at Oceanexpo- 
75 (Okinawa, Japan). Plants have been under study for years in Great 
Britain, particularly for the Severn River.

Presently, several locations and systems are again under considera
tion. The immense potential of Australia's northwest coast has fired 
the imagination, particularly since 1962, but nothing has left the 
drawing boards; the distance to the eventual user of the electrical 
power is an additional impediment. In Argentina a combined scheme 
Chocon-San Jorge Gulf was limited eventually to a conventional river 
plant. Production would have been for one plant in Australia for 
300 million kw; the Soviets mentioned several billion kw.

Beyond Europe and North America, there are several choice geo
graphical sites in Brazil, Argentina, Chile, India, Malaysia, China, 
New Zealand, etc.

2.3.2. Thermal Energy

The initials OTEC stand for Ocean Thermal Energy Converter;
it is a plant which could convert into electrical power the difference 
of potential resulting from the upwelling of deep cold ocean water
and its contact with warmer surface water. 3oth water supplies are 
of unlimited discharge. The contact areas occur in equatorial and
tropical zones. (Sec Fig.l)

Several attempts were made to harness this source of energy, 
e.g. in Cuba, Brazil, Ivory Coast and on the River Meuse. All were
plagued by repeated mishaps and plans eventually were scuttled.
However, interest in such plants has been recently rekindled now
that they can compete in price with conventional plants. Several
universities and private companies could put pilot plants in operation 
by 1981 and there is some likelihood that one may function in a
year or two off Hawaii. Ocean thermal energy is attractive because 
it is virtually nonpolluting; it is a continuous source of energy
and can be coupled with several land-based operations such as desalin
ation, chemical industries, etc.

Getting one step closer to implementation, an experimental
OTEC barge was launched last year and put into service off Hawaii.

Half a century ago French physicist E. Barjot suggested using 
the 3.9* C bottom waters of the Arctic Ocean as a source of "warm”
fluid and the -45° C polar air above it as a source of "cold" fluid.
The 50° C difference of temperature is ample for operating an OTEC-
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type electricity generating plant. Barjot 's system requires only 
a short adduction conduct to bring on coastal waters or below pack 
ice water at about 2.5°C, using butane as an intermediary fluid. 
Such plants could supply electrical energy for military and scientific 
outposts but also to Alaskan, Canadian, Greenlander, Scandinavian 
and Siberian towns and to polar islands.

2.3.3. Wave Energy

Wave power is provided by the onslaught of a breaking wave 
which can be captured in a reservoir, accessible by way of a converging 
ramp, and connected with a return channel at the exit of a low-pressure 
turbine. However, the power can also be generated by means of devices 
set directly in motion by the wave itself. Experiments have been 
conducted in Japan, France and the Upi,ted Stales. A recent estimate 
places world-wide wave power at 2.5 x 10 watts.

Hundreds of patents have been taken out but actual use is limited 
to buoys, ship's devices and small schemes. The Japanese went furthest 
constructing a barge to serve as an electrical plant and anchoring 
it offshore. A 197b British study states that converted wave energy 
could provide a major share of the United Kingdom’s needs for power 
and that now large-scale production is feasible and the technology 
exists. The government is actively supporting research in the practical 
field.
2.3.4. Energy from Salinity

Osmosis is the basic concept for use of the ocean's salinity 
power. Though research is actually in progress, improvement of membranes 
is necessary and technology at present needs refinement. The promise 
is great; an additional consideration is the possibility of linking 
a salinity power plant with solar energy plants.

2.3.5. Fluid Motion Energy

Though fluid motion energy recovery has existed for many years, 
it has not been put to use for ocean current harnessing. Energy
from the Kuro-Shio, or the Florida current could be tapped, but 
proposed structures are too expensive under their present form.

An aquapower barge has been developed by Energy Systems of
California: it is 17.5m by 7m and will provide 50 kw of installed 
power for a current of 6 knots.

Ocean thermal differences plants could make use of ocean currents 
at quite a great distance from shore. The Gulf Stream carries between
28 and 42 sverdrups (.million cubic meters per second) of warm water
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Through the Straits of Florida and flows as a river about 32 km 
wide and 850 km long. The temperature difference between surface 
and depth water ranges from 15.25 to 21.6°C. If the surface temperature 
was about 21.5 °C, such temperature difference would permit a con
version of heat into work of maximum 57.. With an expected efficiency 
of 27., one kilo-calorie of each kilogram of warm Gulf Stream water 
passing though a heat engine could result in an energy production 
of 1,260.10 kwh per year. A series of units moored over the width 
of the currentj^nd spaced over about 1̂  kilometers could theoretically 
produce 26.10 kwh. A blueprint pictures spar-buov type units 86m
high and 39m in diameter.

Still using the Florida current as a power source, another 
proposal involves using the 4 knot speed itself. Tapping only 47.
of that energy could generate from 1000 to 2000 megawatts. The total 
power is approximately 25,000 megawatts. The Cromwell current in 
the equatorial East Pacific has a total power of 20,000 MW; the Kuroshio, 
southeast of Japan is about 8,000 MW; the Agulhas Current off southeast 
Africa has 1500 MW of power; and currents through the Strait of 
Gibraltar and in the 3ab-el-Mandeb could produce each 1000 MWP.

2.3.6. Bioconversion Plants

An experimental kelp farm was built off San Clemente Island 
(California, USA) five years ago. It was to provide the biomass 
to be used for substitute natural gas production. The experiment 
is being continued near Corona del Mar (USA). Because large expanses 
of ocean are needed, it is possible that bioconversion plants will 
be limited to regional, and thus smaller, facilities. Bulgarians 
apparently have conducted some experiments with biomass conversion 
in the Black Sea.

2.3.7. Remaining Types of Ocean Energy

Among the remaining types of ocean energy such as conduction 
heat flow, kinetic energy dissipation, solar radial ion and wind
and geothermal offshore energy, the latter two have received some 
consideration. The cost of ocean-wind generated electricity is presently 
excessive; geothermal power could be tapped profitably, perhaps, 
in insular situations but it is nonrenewable and has a negative 
environmental impact. The basic technology apparently exists for 
wind and geothermal energy.

Deuterium extraction should be mentioned here perhaps; it can 
be used for nuclear energy production and may be an incentive to
locate such plants offshore. Hydrogen can be extracted also from
sea water; it is an easily transported fuel and some have proposed
"a hydrogen fueled economy."
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Japan's Atomic Research Institute plans to mine "tritium" from 
sea water to be used as fuel in safer nuclear fusion power plants. 
On the other hand, the Tokujama Soda Company, in cooperation with 
Mitsubishi Metal Corporation is ready to remove uranium from seawater; 
titanic acid is first used as an absorbent to concentrate the uranium 
(I 3 ppb) three thousand times; once the concentrate is obtained, 
a proprietary desorption liquid helps to remove the uranium. Mitsubishi 
Metal Corporation uses a concentrate of only five thousand "times" 
and solidifies it .

2.3.8. Geothermal Fields

Geothermal fields, though occasionally located in the interior 
of crustal plates (e.g. Yellowstone, Hawaii), occur primarily along 
active plate boundaries, areas of young tectonism and volcanism. 
The active Red Sea Belt, where the "hot brines" were discovered, 
extends into the Mediterranean Sea. Another belt, the Mid-Atlantic 
Ridge, carries Iceland and still anorher stretches from Chile to 
the Aleutian Islands. Offshore geothermal fields exist in the Gulf 
of Mexico. Exploitation of submarine fields may cause serious environ
mental concern.
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3.

MINERAL RESOURCES

The ocean waters contain exploitable dissolved quantities of magnesium,
sodium, calcium, bromine, 
are copper, lead, zinc

potassium, sulfur and uranium. Also present 
and silver. The continental platform has 

deposits of sands, gravel, barite, aragonite, phosphorite and numerous 
heavy metals, plus gold, diamonds, platinum and native copper. The 
continental slope has phosphorite, iron-containing minerals and 
mud-containing zinc, copper, lead and silver, while the deep sea 
bottom is the resting place of nodules and various oozes. Consolidated 
materials include coal, limestones, sulfur, tin, gold and hydrocarbons.

Gold bearing deposits often are found associated with sulfide 
minerals. Chromite has reportedly been detected about 1968 by Soviet 
researchers in sea-floor rifts in the Indian Ocean. Copper veins 
have been located in the Equatorial Indian Ocean in volcanic rock 
at about 2200 m below the water surface and in sediments at 5200 ra 
some 55 km southeast of New York.

The major ore-forming processes are due to igneous and hydrothermal 
activity for metals, sediment deposition and diagenesis (in the 
case of manganese, nodules, petroleum, gas). The potential for 
mineral deposits decreases in the deep ocean because no opportunity 
exists for reactions with continental rocks or for continental rocks 
to provide large quantities of sediment. Concentrated deposits may 
occur where metal-rich waters are emitted from basalts into anaerobic 
ocean bottom waters: Upper Cretaceous strata in the deep Atlantic
Ocean could be one such case. Ore deposits may be present around 
some micro-continents of the ocean floor. Although the promise is 
great for mining, Red Sea hot-brine deposits are the first deep- 
ocean areas of metallic minerals mined commercially.

Ocean mining still requires large investments and carries sub
stantial risks. SEDC0 sank $12.5 million in a manganese nodule retrieval 
project in the South Pacific, pulled out in 1979 and likened the 
undertaking to "dropping a straw off the top of the Empire State
Building (New York) to suck BBs off the sidewalk" (Figure 2)

3.1. Dissolved Substances

From earliest times Man has 
water; its use is both domestic 
extracted in many parts of

extracted common salt from sea 
and industrial. Currently it is 

the world, for instance in France, Italy,
Bulgaria and the United States.
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Magnesium sales have been located along the coast of Brazil 

and in the Congo Basin. Bromine and magnesium compounds are extracted 
simultaneously: 70% of the total production of bromine and 60% of 
the magnesium used are of marine origin; about 75% of the United 
States' needs in bromine come from sea water and so does most of 
the magnesium.

Potash deposits are large and reserves of potassium run into 
billions of tons. Important potassium oxide deposits exist in the 
North Sea. Gypsum is extracted by solar evaporation from San Francisco 
Bay water and is a by-product of petroleum and other well brines.

Of the minerals dissolved in sea water, salt, which has been 
extracted at least for 30 centuries, is most abundant. While today
still an important part of the salt consumed throughout the world,
even in the United States, the mining of sea salt is of little economic 
importance beyond the coastal areas. It is an open ocean, international 
water mineral resource, but of little significance here. (Table 1)

The discovery of bromine is credited to the Frenchman, A.J.Balard, 
who identified it in the bitterns of the "marais salants" of southern 
France some 150 years ago. Over 997« of the lithospheric bromine 
is dissolved in ocean waters. Land deposits exist in Germany and
the United States. It owes its commercial Importance to the demand
for no-knock gasoline.-

Bromine has been extracted "at sea" by direct precipitation 
from unconcentrated water. The water borne plant, working with an
efficiency of 707., could produce about 29,000 kg per month. There 
is only a 0.17, concentration of bromine in sea water; its extraction 
necessitates the use of highly corrosive reagents and it appears 
that a coastal land-based operation resolves the many problems encoun
tered with a ship-based operation.

There is a slightly higher concentration of magnesium in sea 
water than of bromine (1.37.), but it is minimal as compared to that 
of land ores. Nevertheless the largest part of United States primary 
magnesium metal is of marine origin. Its extraction is less costly
than using land deposits of magnesite or dolomite, or well-brines. 
While extraction of magnesium from sea water requires processing 
only one twentieth as much water ns extracting bromine, near-by
abundant supplies of lime, fuel and power are required.

Little difference exists between the concentration of gold
in the open ocean and in coastal waters. Although there might be 
as much as eight trillion tons of gold dissolved in the oceans, 
the usual concentration is barely over 0.001 mg/ton, and only in 
the southern Atlantic does it climb to a bit over 0.004 mg/ton.

An interesting statistic is provided by John Mero who calculated
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that with an extraction efficiency of 25% in the production of fresh 
water from sea water, 10 cubic miles of ocean water would contain 
6.4 billion tons of sodium chloride, 240 million tons of magnesium, 
160 million tons of sulfur, 300,000 tons of boron, 2000 tons of alumi
nium, 400 tons of manganese, 560 tons of copper, 560 tons of uranium, 
2000 tons of molybdenum, 40 tons of silver and one ton of gold. 
With a recovery of only 10% the needs of 100 million people would 
be satisfied in water, molybdenum, boron and bromine, and they would 
have too much of the other products; there would also be enough 
thorium and uranium to run a nuclear conversion plant to furnish 
the necessary power. Practically speaking however, concentrations 
of less than 0.01 are not economical which, for the present, would 
limit exploitation to sodium chloride, magnesium, sulfur, potassium, 
bromine and boron.

On ocean ridges, characterized by high thermal gradients, metal- 
rich sediments are found locally; the metals are about identical 
to those of the polymetallic nodules and were probably leached by 
seawater circulating in the hot oceanic crust , then precipated. 
Such deposits have been located in the open ocean but the better 
known ones are those currently accumulating along the Red Sea axial 
deeps; they are underlain by thick salt deposits. At least fourteen 
sites have been identified there.

Active mid-oceanic ridges sediments have a higher content of 
numerous metals: iron, manganese, copper, nickel, lead, chromium,
cobalt (also found in polymetallic nodules), uranium and mercury; 
they hold traces of cadmium, vanadium and bismuth. On some sites, 
these concentrations could perhaps hold an economic interest.

Hydrothermal origin manganese has been brought up from the 
rift valley of the Mid-Atlantic Ridge. These accumulation rates 
are a hundred times faster than those calculated for ocean floor 
nodules. If the rich sulfide deposits of Cyprus Troodos massif were 
formed before the island was upthrusted, then they would be an indica
tion that economically valuable sulfide deposits may exist at divergent 
plate boundaries.

In the Red Sea, some elements are in concentrations 
to 50,000 times greater than elsewhere, an observation 
to wonder whether metal enriched waters may not also 
in rift zones along plate boundaries.

Metallic sulfide deposits can be found also at divergent plate 
boundaries. The Red Sea results from such a boundary and in its 
center were found the richest sulfide deposits disseminated in sediments 
resting in at least three small basins. E.T. Degens and D.A. Ross 
described these sediments as from 20 to 100 m thick with 9 upper

from 1000 
which led 
be present
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meters, 
tons ( 
0.057. 
in the

, some 2000 meters below the water surface, weighing 80 million 
dry) and containing 297, iron, 3.9/, zinc, l.3/„ copper, l'» lead, 
silver and 0.00057. gold. These metals are also in solution 
salty brines saturating and topping the sediments. (See rig.3)

The Red Sea basins’ waters contain water much hotter than normal 
and with salinities reaching 257 parts per thousand. The thickness 
of the layers has been proven to exceed 10 m and seismic observations 
led to speculations that this metallic enrichment may go as deep 
as 100 m. Currently discovered basins cover an area of roughly 71 
square kilometers. Similar conditions may exist in the nearby gulfs 
of Aden and Aqaba, the East Pacific Rise and the Cult of California.

The estimated value of the minerals present in the Red Sea 
hot brines exceeds several billion dollars. These hot brines ^an 
be located by seismic reflection due to their difference in density 
with the water. Since 1976, problems of extraction, pollution and 
treatment of wastes have been investigated systematically. Mud deposits 
lie at 2200 meters on a basalt bed covered by a 200 meter thick 
zone of concentrated brine.

A proposed retrieval scheme includes a plunger pump and a vibrat ing 
suction sieve and a conveyor belt . Testing was done on a river bed 
and apparently the system works.

Recent investigations in the Pacific Ocean disclosed the existence 
of heretofore unobserved alignments of conical structures over 50 
meters on the unsedimented flanks of a linear tectonic ditch. These 
alignments are parallel to the axis of the ridge and at some 500 
to 600 meters from it, anthill-shaped formations occur; these structures 
vary in height from one to eight meters and are from two to three 
meters in diameter at their base. They have been located on the 
East Pacific Ridge at 21 degrees of latitude north off the west 
coast of Mexico.

Rather polychromatic, they are orange, red, blue and black; 
their very irregular surface is criss-crossed by channels in which 
fluids have percolated. They have been built on ocean crust, with 
a "throat" at the top and apparently are of hydrothermal origin. 
These anthills are accompanied by small bright yellow cones (due 
to the native sulfur) of 10 to 20 centimeters in diameter. Samples 
taken have been shown to contain sulphides and oxides. The sulphides 
are from 6 to 127. iron, 0.2 to 67. copper, 23 to 287. zinc and there 
are several hundred parts per 1000 of lead, silver and cadmium while 
such minerals as blende, pyrite and chalcopyrite have been determined 
by x-ray diffraction. The samples indicate that they are most probably 
precipitates and not impregnated rocks.

The remarkable find constitutes the first t ime t hat sul fur-
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containing deposits have been found on the ocean bottom in direct 
contact with basalt.

Red Sea muds appear to be a few steps closer to exploitation. 
Recently extraction methods have been tested successfully in Scottish 
lochs by the German concern Preussag. The company believes it could
now process 10,000 tons of mud at 2200 meters' depth.

Tests have shown that the mining of metalliferous muds can
be accomplished successfully by use of a vibration suction sieve
design. A recent paper by Hahbrock gives the latest physical character
istics of the muds.

Muds are currently processed on board in the Red Sea. Some 
96,000 tons of mud and water from hot brines sites are liquified 
in such an operation, to 200,000 tons, and this mass grows, during
floatation, by addition of seawater to reach 367,000 tons. The concen
trate that is finally transported to the land site amounts to 1650
tons. Surface discharge of wastes is not environmentally acceptable
and to satisfy ecologists, a subsurface discharge at 800 to 1000m 
depth is recommended.

Concentrations of other metals in sea water are small but these
could be recovered possibly as a side operation of desalination 
plants.

3.1.1. Minerals as Suspended Particles and in Living Matter

Filtering of sea water to 
matter as gold, lead and iron, 
as part of another operation, 
by marine organisms.

Iodine has been 
by a factor of 30, 000) 
be used also as a source 
provide cheaper sources; 
alginate used in the food

recover such suspended particulate 
is not economically rentable, even 
due to foreseeable filter fouling

seaweed (which concentrates it 
Chilean nitrates. Seaweed can 
and sodium but land deposits 
harvested to provide sodium

extracted from 
and from the 
of potassium 
it is still 

indust ry.

Ocean waters have been ment inned as a source of vanadium. It 
is concentrated by tunicates in their tissues. Similarly some marine 
organisms substantially concentrate copper, tin, or zinc or lead 
(fishes), also iron, titanium, manganese or chromium (algae). Even 
though the vanadium is present in tunicates at a 280,000 higher concen
tration than in the sea water, it is still not commercially attractive.



15.
3.2. Consolidated Deposits

We will limit ourselves to discussion of "consolidated" deposits 
such as coal, limestone, oil (petroleum) and (natural) gas.

3.2.1. Coal

At least 100 sea mines are currently in operation but coal 
resources are neither well known nor well quantified though they 
may be immense. (See Fig. 2) Excellent prospects exist on the Siberian 
and Alaskan continental shelves, as well as near southeastern Australia. 
Some 57 undersea coal mines located offshore Japan, Taiwan, Nova 
Scotia, Chile, England, Scotland and Turkey produce over 33^ million 
tons.

3.2.2. Limestone

Limestone, but also iron ore, tin, copper and nickel have been 
extracted near the coasts of the British Isles, Atlantic France, 
Greece, Turkey, Finland, Japan and others.

3.2.3. Natural Gas

Natural gas is possibly present in organic-rich bottom sediments 
of the Baltic, Black, Aegean and Adriatic seas, and they may offer 
an important source of methane; neither preliminary studies nor 
technology are very advanced. According to Soviet reports, natural 
gas and petroleum have been located east of the Crimea, along the 
Romanian coast and on the submarine plateau from Varna (Bulgaria) 
to the Bosporus. Direct observations from this writer during 1979 
revealed very little petroleum and gas between the Soviet and Turkish 
borders on the western Black Sea coast. He has observed, however, 
some modest evidence of this along the Danube mouth to the Turkish 
frontier stretch.

Pipeline transport is possible for fields in the North Sea, 
Gulf of Mexico and near northern Canada's coast. Gas was found in 
Cook Inlet and Bristol Bay, near Trinidad and in the Gulf of Guyaquil. 
Rich reserves in the Persian Gulf, near Insulindian coasts, the 
Australian Northwest Shelf, Gulf of Tonkin, Gulf of Thailand and 
Cook Straits. The United Kingdom's reserves are estimated at just 
below 1 billion cubic meters and Canada's at 1*5 t rillion.
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3.2.4. Petroleum

Oil shales are probably lining the coasts of Southern California, 
3razil, South Africa and in the Mediterranean and Red seas; tar 
sands have been located near Southern California, Venezuela, Trinidad 
and Tobago. (See Figure 2) Estimates forsee one trillion barrels 
in shales and 200 billion barrels in tars. Exploitation depends 
on technology development on land; only Canada has started land- 
based extraction. Currently, technology can extract only about 50 
of the 967 billion barrels of the Athabasca River oil sands. The 
sand is separated in tumblers filled with a mixture of hot air, 
steam and water from the bitumen. Carbon, sulfur and nitrogen are 
then chemically removed from the bitumen. To produce a single barrel 
of this synthetic crude oil, some 2^ tons of raw material must be 
processed.

Estimated remaining reserves of offshore petroleum, calculated 
in millions of barrels are: for Africa 8704, for Oceania 2070, for
South America 90, for North America 12,110, for the Carribean 6048 
and for Europe 11,569. The world-wide total exceeds 140,000 million 
barrels.

Comparative recoverable gas reserves in billions of cubic meters 
are 540 for Africa, 530 for Asia, 118 for North America, 10^ for 
the Carribean, 72.9 for Oceania and 1905 for Europe. The world-wide 
total for offshore reserves is about 5054 billion cubic meters.

During the last decade 70 nations have drilled in the sea and 
over twenty are producing. The United Kingdom, Norway and Nigeria 
have joined the ranks of current or future major producers. Indonesia 
is the leading producer in Asia, although production has not lived 
up to expectations. The search for offshore oil is directed especially 
towards Southeast Asia because fields are not well known, the area 
provides a certain independence from Middle East sources, the oil 
contains less sulfur and greater depths are now technologically 
more accessible.

It should be mentioned here that all geologists do not share 
the gloomy view of end-of-century exhaustion; Kenneth Emery believes 
huge reserves exist at greater depths and that technology will even
tually permit the tapping of these sources. It will be expensive, 
but the sky-rocketing cost of oil may make such fields economically 
exploitable. P.W.J. Wood in an April 1979 paper shares the idea 
that there are still ample supplies of oil to be tapped, though 
advises to develop alternative sources of energy. ("New slant on 
potential world petroleum resources" Ocean Industry, 14, 4, pp59-
72).

The Glomar Challenger, already over a decade ago, drilled into oil-
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bearing sediments located at depths exceeding 3500 meters in the
Gulf of Mexico, when the USS Kane research campaign provided data 
suggesting the possibility of rich mineral resources on the continental 
slope off Liberia, of oil under the deep sea floor northwest of 
Cape Verde Islands and the probability of salt domes in that same 
area.

In order to establish crude production exploration, depths 
are pushed to 1800 m while even equipment is being designed for 
depths exceeding 2400 m.

Petroleum is known to exist in small marginal basins in the
Mediterranean and Black Seas, and in the Gulf of Mexico. Most are 
located near Pacific Ocean coasts. Similar deposits could exist 
elsewhere. Prominent fold ridges cross the floor of the China Basin 
where near surface coral ridges are natural drilling platforms. 
It is further believed that oil may be found in sandstone reservoir 
rocks on continental rises although these deposits may not be as 
rich as those of the small sea-basins. Sites, however, stretch along 
South America's Atlantic coast and along west Africa, in the Indian
Ocean (Africa east coast), the Bay of Bengal, off Australia and
in the Arctic and Antarctic areas. The continental rise is the major 
depositional site on Earth. (See Figure 4)

Some expectations are held for deep ocean diapir folds and 
for salt and mud domes of the deep ocean. They are common on both 
sides of the Atlantic Ocean. Several such folds-domes have been 
located off the river deltas of the Niger, Amazon and Mississippi. 
They have been identified even in the Gulf of Mexico abyssal plain.
Fifteen percent of the US gas and oil production came from such 
belts of diapirs. Others are known to exist off Brazil and Canada 
and in the Mediterranean and North seas.

The Gulf of Mexico is the classical example in which the upper 
continental slope and upper portion of the submarine sedimentary
fans are the most promising for oil and gas discoveries. However,
information gathered during the Deep Sea Drilling Project indicates 
that an older buried sedimentary fan lies in the western abvssaL 
plain, an indicator that even the deepest portions of the Gulf may 
have excellent petroleum potential (Caughey, C.A. and Sturat, C.J., 
1976, Where the potential is in the deep Gulf of Mexico: World
oil, July, 62-67). Still other potential oil deposits might exist
along the lower reaches of the continental slopes and on the deep 
ocean floor itself.

Marginal trenches and volcanic-island arcs, related to convergent 
plate boundaries are sediment and organic matter traps, impede ocean 
water circulation, thus restricting oxygen supply, and become reservoirs 
because of sediment accumulation. All conditions are thus fulfilled 
to favour petroleum formation.
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Sea circulation becomes restricted also when two land masses 

move away from one another because a divergent plate boundary forms 
underneath a continent. Salt may be precipitated if there is excess 
evaporation. With the gap between land masses widening, sediments 
accumulate above the salt and organic matter layers; the latter 
transforms into petroleum and the former creates a diapir-type dome 
that imprisons the petroleum.

Natural gas may be present in geopressure zones where fine
grained sediments have been deposited rapidly and are overlain by 
rocks that sealed in these sediments. Due to the high temperatures, 
methane accumulates at the top which may be less than below the 
water surface 3000 m. Current research estimates tha^such deposits 
in the Gulf of Mexico may hold as much as 1.4 x 10 cubic meters
of methane. These "pagoda-shaped" structures occur along the edges 
of large mountain chains and frequently beneath the deltas of large 
rivers, e.g. Nile, Niger, Canges. Extraction may prove difficult, 
expensive and environmentally unfavourable.

The Exxon study of 1976 (Deepwater Capabilities) mentions that 
submarine fans show relatively thick sequences of reservoir-type 
sands and such ancient fans have yielded some of the world's richest 
fields. Slope trough reservoirs, though less frequent, have been 
located off Northern Colombia. Finally, deepwater continental slope 
basins, of more limited size can be highly productive. The report, 
however, states that probably "the deepwater sediments on the abyssal 
plain will (not) contain enough organic matter in most cases to 
ever be considered viable hydrocarbon sources."

Pagoda structures on abyssal plains and lower continental rises 
have been observed off west Africa. Methane hydrates or clathrates 
are believed to have cemented bottom sediments.

Under very low temperatures, a mixture 
form - a gas hydrate - in polar areas. The 
an UNITAR seminar held in Austria in 1976, 
exist offshore at depths exceeding 300 meters 
few hundred meters below the ocean floor.

of water and gas can 
idea was expressed at 
that similar deposits 
but within the first

3.2.5. Salt Domes

A major project undertaken by N0AA between Cape Hatteras and 
Cap Blanc (North Africa) revealed the presence, off Cap Blanc, of 
possible salt domes in the deep ocean basin; never before had possible 
salt domes been identified in a deep ocean basin. If the formations 
arc indeed true salt domes, their presence would suggest substantial 
oil deposits. Since their discovery, other possible salt domes have 
been located in the Atlantic and S<uit h Atlantic basins.

As part of this project, location of the Transatlantic Gentraverse
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Hydrothermal Field also was undertaken and this first hydrothermal 
mineral deposit, viz. pure manganese hydroxyde, was discovered in 
the median valley of a mid-ocean ridge. It would be an indication 
that oceanic crust on ocean floor, and incorporated in some islands 
and part of continents, may be far richer in minerals than current l> 
assumed.

The salt domes identified along the margins ot the entire Atlantic 
extend into the continental rises to depths of 1000 m. Pronostics 
hold that oil may be found as deep as 5100 m.

3.3. Raw Materials

For the United States coasts alone, the value of mineral offshore 
production climbed from $539.4 million in 1960 to $1,343.9 million 
in 1966, more than double; excluding petroleum, gas and sulfur, 
the value went from $115.8 (1960) to $166.2 (1966), nearly a 507 
increase. Leaving aside exploration activities, current mining marine 
operations include dredging of tin, (Indonesia), of iron sands (Japan), 
diamonds (South Africa), shell sands (Iceland), aragonite (Bahamas), 
gold (USA), shells (USA), sand and gravel (France), sand (USA) and 
sulfur (USA).

3.3.1. Sand and Gravel

It has been estimated that by the beginning of the 21st century 
most industrialized nations will have exhausred their land reserves 
of construction materials. Some are currently hauling sand and gravel 
from North Sea deposits (France, Great Britain, The Netherlands), 
and Belguim is using them for artificial beach rebuilding; so have 
Lebanon and Israel in the Mediterranean, but they mined too close 
to shore thereby accentuating beach retreat.

Artificial islands were built to recuperate aragonite in Bahamian 
waters and exploitation has been underway for some time at Ocean 
Cay.

Depth is an important eLement in gravel development and deposits 
under more than 35 m of water, or under thick layers of sand, may 
not be economically profitable at present. Sand is dredged in Iceland, 
and in New England as well. Calcareous shells have been mined near 
California, but also along the coasts of the Gulf of Mexico states.

Some sands contain gold, others platinum. These have been exploited 
near Alaska, particularly in Goodncws Bay. They supply 907. of the 
platinum needs of the USA. Diamond market conditions brought to 
a halt diamond dredging near Walvis Bay.
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Prospecting for several metals in coastal sands is currently 

carried on: zirconium and monazite are extracted simultaneously
in Florida, Ceylon and Australia; chromite, rutile, ilmenite have 
been located. Barite is extracted near Alaska shores, magnet ire 
near the Kyushu Islands, ilmenite in Australia.

3.3.2. Sulfur

Economically, the most important hydrothermal (formed by pretipi- 
-tation from solution) deposits are sulfides, most commonly found
along convergent plate boundaries. Such deposits have been idem ified
in Japan, the Philippines, along the so-called "Cordillera" belt 
stretching from North to South America, and the belt extending from 
the eastern Mediterranean to Pakistan. (Table 2)

Cap rocks of salt domes contain sulfur. (Figure 2) It can be 
recovered at reasonable cost by relatively simple technology: super
heated water is piped down from the surface, thus the sulfur is
melted and is then forced up with compressed air. However, only 
one in twenty salt domes contain enough sulfur to warrant exploitation; 
two decades ago two deposits were being tapped on the continental 
shelf off Louisiana with a yearly production of 2 million tons worth
$37 million (1973 dollars). However, the increasing demand for and 
decreasing supplies of sulfur make marine deposits more attractive. 
The discovery, some ten years ago, of sulfur-bearing domes in the 
deepest parts of the Gulf of Mexico kindled an active interest.

3.3.3. Iron Ore

The Japanese have retrieved some 30/500 tons a month of iron 
ore, since 1963, from Ariake Bay. The Soviets announced plans to 
mine magnetite and titomagnetite placers in the Baltic, Black and 
Azow seas. (Figure 2)

3.3.4. Tin

For close to 75 years, cassiterite, a tin ore, has been exploited 
in Southeast Asia. Current sites of dredging are near Thailand, 
Malaysia and Indonesia. Recovery of tin-containing sands is reported 
in St. Ives Bay (Cornwall) and important deposits have been located 
off Britanny. Soviet reports claim numerous exploitable deposits 
exist in its northern waters (e.g. Laptev Sea) and in the Sea of 
Japan. (Figure 2)

Several specially equipped ore processing ships have been built, 
apparently the largest by the Japanese.

3.3.5. Phosphorite

Phosphorite nodules have been located off the coasts of the
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United States, Mexico, South America, Asia, Japan, Spain and northwest 
Australia. They were not competitive economically with land deposits, 
but rise in prices may soon place them in a more favorable position 
even though world supplies appear considerable. (Figure 2)

Phosphorite nodules are found as well on the deeper regions 
of the continental shelf and upper reaches of the continental slopes, 
on ridges and submarine banks, at depths of 30 in 300 meters. Often 
mentioned deposits, lie offshore from Peru and Chile, northwest 
Mexico and southern California, the southeastern United States and 
the Republic of South Africa. The California reserves have been 
estimated at some 1.5 billion tons.

Phosphorite oozes are found also on the deep ocean floor and 
are concentrated mostly in the Atlantic Ocean. Unconsolidated poly
metallic oozes discovered in the Red Sea hot brines, have been dis
covered also in the Atlantic, Pacific and Indian Oceans.

If, as forseen, offshore phosphorite deposits are mined, then 
uranium recovery may be undertaken as a by-product; uranium is also 
found in consolidated and nonconso1idated deposits.

The seemingly greater concentration of phosphorite nodules 
on the shelf, and particularly near the coast, has been ascribed 
to the frequency of sudden temperature changes there, causing the 
death of organisms. Concentrations of phosphatic materials occur 
also where waters of different salinities mix, e.g. near upwellings 
and the mouths of great rivers. One rather commonly accepted hypothesis 
about the formation of these nodules is that the phosphates are 
dissolved, migrate offshore, are oxidized and eventually precipitate 
in colloidal form. Finally, the colloids agglomerate to form nodules.

The amount of phosphorous dissolved in the sea depends upon
such factors as deep sea water upwelling rate and the fraction of 
particles surviving oxidation as they fall to and reach the deep 
sea. It depends also on the source: what is the rate of land run
off and what is the phosphorous content of the river water. The
phosphate content of surface water is 30 times lower than that of 
upwelling deep water.

It is currently assumed that these nodules accumulate only 
as a single layer. Along the coast of California such nodules have 
been dredged at depths ranging from a shallow 72 m to as deep as 
3300 m, but the famed Cha 1 longer Expedition brought some up, off
the continental slope base of the Cape of Good Hope, from 6300 m. 
This raises the possibility of slumps or turbidity current transport.

3.3.6. Deep Sea Sediments

Three major components make up deep sea sediments: detrital
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material, derived mainly from land erosion (aeolian, glacial, riverine) 
and predomiantly of a lumino-si1icate nature; authigenic minerals, 
formed in situ by spontaneous crystallization on the floor itself 
or within the sediment column; and organic matter, calcite and opal, 
unevenly distributed throughout ■ the oceans. Organic tissue, fairly 
uniformly distributed, rarely accounts for a substantial part of 
deep sea sediment and is well mixed with its bulk- The distribution 
of carbonaceous and siliceous material strongly reflects the horizontal 
segregation of biologically utilized elements in the deep sea; water 
circulation patterns influence chemical separation and are reflected 
in sediment compositon. (Figure 5)

The deep sea sediments have accumulated at unusually identical
rates over the last few million years as compared to the relatively 
close present, however, the temporal sequence of sediment types 
in any geographical location, on a geological time scale, varies 
in a predictable way because of the migration of the sea floor to
greater depths away from the mid-ocean ridge crests.

Deep sea, or pelagic sediments are oozes, fossil materials 
and clay. Oozes are very fine grained clays and the microscopic
sized remains of surface plankton are calcareous (depth permitting) 
or siliceous. Accumulation is extremely slow, at most a few centimeters 
per thousand years; content in organic matter is very small, due 
to thorough oxidation, hence hydrocarbon formation is impeded. The 
only exception to this general pattern could occur in small basins 
where turbidity currents transported continental shelf materials 
could accumulate faster, be less oxidized and contain hard to reach
and expensive to extract hydrocarbons.

Deep sea sediments were analyzed recently for gold, palladium, 
iridium and manganese by neutron activation; they had been collected 
in the Caribbean (calcareous-type) and in the Pacific-Antarct ic 
basin (CaCO-j, Si02 , clay). The average noble metal content is very 
small (p.ex. 1.05+0.9 ppb for gold) and shows hardly any variation 
by geographical site or nature of sediment.

3.3.6.1. Calcareous Oozes

Calcareous oozes can be either phyto or zoogenic. The coccolitho- 
phoridae are algae whose remains make up the coccolith ooze. Pteropod 
oozes are fragments of shells of these gastropods and some other 
animals; they are fine grained and contain more than 307. or organogenic
calcium carbonate. Chemically, besides water, they contain also
compounds silicium, iron, aluminium and magnesium; some have been 
found to contain as much as 98.57. of carbonate of calcium. Clobigerina 
ooze is made up of tests of foraminifcra, predominantly various 
species of globigerinae, calcium carbonate content ranging from
30 to 977„, according to Pettijohn, with an average of 647.. (See
Figures 6 and 7)
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The calcareous oozes cover about 36% of the total ocean floor 

area but are not usually encountered at depths exceeding 3500 m: 
they are found from 700 m on and have been delected as deep as 6000 
m. Revelle and his co-workers estimate their thickness to bo in 
the range of 400 m. They form at the rate of a millimeter per hundred 
years, and could possibly become a good cement rock to substitute 
for the dwindling supply of land limestone. The major calcareous 
ooze is globigerina ooze which contains, besides organic remains, 
volcanic debris, quartz, magnetite, feldspar and manganese; part Lcule 
size varies between 0.5 and 500 microns.

Deposits cover the Atlantic Ocean floor, about half of the 
Indian Ocean (especially the western part), and in the Pacific are 
encountered in the central area of the Eastern Pacific and in the 
southwest sector.

Cora 1 and coral sand can be used but are coarse grained requiring 
a grinding process. They contain on the average 90% carbonate of 
calcium.

Zedites, pnillipsite and palagonit e occur in deep ocean waters. 
Zeolites contain occasionally germanium but few concentrations are 
known. Phillipsite usually is associated with volcanic materials 
and is found in the Central Indian and South Central Pacific oceans; 
it contains potash. Paiagonite, which also contains potash, is concen
trated where red clays are deposited. Both minerals could be recuperated 
as a side operation of polymetallic nodule mining.

Cosmic spherules, often rich in nickel and iron, commonly accompany 
deep ocean sediments but do not appear economically exploitable.

3.3.6.2. Red Clay

Red clay may some day be commercially valuable because it has 
considerable strength when dried. Its colour may be altered by cal
careous, siliceous or manganese-peroxide impurities. It may be mixed 
with land dust, cosmic particules, tests, crystals, volcanic materials 
and various grains. (See Figure 8) Composition is predominantly 
silicon dioxide and aluminum oxide (60 to 707« together); some iron
(3.5 to nearly 7%), calcium, sodium and potassium; there are minute 
quantities of many other metals present. Red clays could be used
as a source of aluminum. Vanadium occurs with concentrations of 
about 0.01 to 0.047«. These clays cover roughly 297. of the ocean 
floor: half of the Pacific and a quarter of the floor area of each
the Indian and Atlantic oceans. It has been estimated that it takes 
200 years to form 1 mm of red clay.

3.3.6.3. Siliceous Oozes

Siliceous oozes include diatom and radiolarian oozes. (See
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Figure 9) Diatom oozes, considered phytogenic, contain frustules 
of phytoplankton. They may contain more than 907, of silicon dioxide; 
some clay is usually mixed in it . A little less than 97, of the ocean 
floor is covered by diatom ooze. Beds, some 200 m thick are found
between 1100 and 5700 m, with an average depth of 3900 m. Sizes 
range from one to a hundred micron, with the mode at ten microns.
Diatom ooze can be used as a filtering material, a filler, an abrasive, 
an absorbent, an insulating agent and in concrete. It covers large-
segments of the Pacific and Southern Indian oceans and a smaller 
area in the South Atlantic.

Zooplankton is the source material of radiolarian ooze made 
up of tests, skeletons and spicules of Radiolarae. It may contain
as much as 607, silica and is rich in iron. About 27i of the ocean 
is covered with radiolarian ooze at depths of 4300 to 8200 m with
an average of 5300 m. Deposits contain usually substantial portions 
of red clay or calcareous oozes; they are insignificant in the Atlantic 
Ocean, cover some areas of the Indian Ocean and occur in patches 
in the South Central Pacific.

Animal remnants may be recovered as part of another mining 
operation in areas where they are concentrated, e.g. near polymetallic 
deposits. Cetacean earbones and shark teeth contain as much as 347.
of ^ 2 ^ 5 ’ some fluorine and often have a manganese dioxide coating
acquired after deposition. Prospects of finding rich deposits of
such debris in deep ocean waters are dim.

3.3.7. Manganese nodules

The manganese nodule consists of oxides of manganese and iron 
and of hydroxides. Layers are roughly concentric but the nodules' 
shape varies from nearly flat to spheroidal. Nodules have been described 
as onion-structured, potato-shaped concretions accumulated at and 
near the top of bottom sediments.

Manganese nodules were first discovered during the cruise of 
the research vessel HMS Challenger by Murray and Renard. Murray 
theorized that they formed very slowly as a result of iron and manganese 
precipitation from seawater onto debris resting on the sea-floor, 
from volcanic origin materials. To Renard this origin appeared im
probable because a slow formation would require an explanation why 
the growing nodules would not be buried as sediments kept on accumula
ting; the volcanic fragments often found near a nodule's center 
led him to support a rapid formation view with iron and manganese 
precipitated from the seawater into which these elements had been 
carried by submarine volcanoes.

Manganese nodules are in fact, polymetallic concretions which 
are rich in manganese, nickel, cobalt, copper and chrome. Only France, 
around Clipperton Island, Mexico, around Clarion Island, and the
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USA, around the Hawaii Archipelago, Florida and the South Carolina 
coast, have rich deposits in the Exclusive Economic Zone. (Tabic 
3)

The most promising Pacific Ocean area spreads over 1480 km 
and is 4630 km long, a 5,200,000 square km plus expanse in which it
is believed that some one hundred productive fields exist.

It has been said accurately that there has been a surprisingly 
large amount of papers published on the topic of manganese nodules, 
yet there is hardly a relation between their volume .¡ml act mil knowledge 
about these concretions. Most information disclosed is based on 
very limited data and spare sampling; this accounts for the wide 
range of estimates on resources, reserves and composit ion.

A joint effort is being made currently by the US Steel Corporation, 
the Sun Company (US) and the Union Minierc do Helgique to test a 
nodule recovery vacuum system. German teams, however, have also 
tested nodule mining in the Pacific Ocean at 5000 m depth, using
a hydraulic conveyor system. It is estimated that trillions of tons 
of noduies cover the Pacific floor. Exploitation is of particular 
interest to the United States because its 1978 imports of these 
metals cost over $2 billion: it imports 987, of its manganese and 
cobalt, 707, of its nickel and 157, of its copper. The technology 
for recovery exists but operations are obviously delayed by uncertainty 
over ocean mineraL products' ownership; hence no large scale mining 
is anticipated before 1985 regardless of over $100 million invested 
so far. Per day production for an operation to be profitable would 
have to reach 5000 tons.

Nodules do not occur only on the bottom of oceans; they also 
have been detected in lakes. The Finns exploited nodules from Lake 
Ladoga during the 1939-1945 war. Over ten years ago an easily exploit
able deposit was located in Lake Michigan covering an area of some 
500 square kilometers under 30 to 60 m of water; its potential yield
was estimated at 40 to 60,000 tons per square kilometer. However,
research and exploitation plans remain ocean oriented. Lake nodules 
are considered bog iron.

3.3.8. Geographical Distribution

According to Hammond (Manganese nodules I: Sc ience February
8, 1974, p 502) abundant and rich deposits of nodules are found
in an equatorial belt of the Pacific Ocean (at about 9* lat.) in 
water about 5000 meters deep; their content in copper and nickel 
is high. Weather conditions are more favorable here for mining than 
in the Northern Pacific and Atlantic Oceans. However, within the 
Pacific Ocean, rich nodules are found between 6* and 20° N (latitude) 
and 110° and 180 9 W (longitude); where the sea floor sediment is
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siliceous ooze, the nicke1-copper-manganese content is higher than 
where such sediment is red clay: for instance, 1.287, dry weight
versus 0.76 for Ni, and 1.16 versus 0.49 for Cu, but tor Co it
is only 0.23 versus 0.25.

In the South Pacific, nodules are numerous near Tuamottj, Cook 
and Society Islands; some have as high as a 2.37, cobalt content . 
In che Indian Ocean, the grade is less although some important concen
trations have been reported in the Madagascar and Cmzel basins 
and on the Aguilhas Plateau.

As for the Atlantic, nodules are concentrated, in the Northern 
Sector, on Blake Plateau (at 1000 meter depth) and at 1800 kilometer 
(972 nautical miles) east of the Florida coast. These ores are of
substantially lower quality according to a United Stares report. 
The same is true in the Southern Atlantic where the most extensive 
"beds" occur off the west coast and south of the Republic of South 
Africa.

The nodule deposits of 
are highly variable regionally 
and chemical characteristics, 
mix even in transition zones 
currents and gravity, rather 
processes. (Figure 10)

Ewing and his collaborators located major deposits in the Atlantic 
off Brazil, Argentina and across to south of Africa, then into the 
Indian Ocean near Madagascar and far south of it. (Figure 11) Good 
sites occur also in the Eastern Carribean. They dot the Central,
Eastern and Southern Pacific.

Some 40 tons of nodules were brought up on an experimental
basis several years ago off the Florida and Carolina coasts. US
research teams located near Hawaii a rich deposit in medium water 
depth covering some 390 square kilometers with heaviest concentrations 
near the northeast coast of Lihue and south Kapaa. (Figure 12a)

Ferro-manganese concretions have been sited in the Sea of Japan
and chromite concentrations near the Sakhalin coâ s,t . In the Pacific 
Ocean alone, according to John Mero's estimates, 10 tons of manganese 
are available and Bezrukov calculated that reserves of over 100
billion tons of cobalt, manganese and nickel rest on that ocean's 
bottom. (Figure 12b)

Soviet scientists found the highest density of distribution 
to vary from 50 to 75 kg per square meter in sites of the central 
Pacific Ocean where phosphatic rocks are abundant on the slopes 
of submarine mountain chains which stretch westwards from Hawaii. 
Such concentrations appear, to more recent studies, in be rare and
high.

the northeast central Pacific ocean 
and locally and so are their physical 
Deposits of different types seem to 
due to physical processes, such as 

than because of overlap of formative
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From an economic point of view the Pacific deposits seem to 
be the most attractive; they rest on the ocean floor under nearly 
5 km of water and the heaviest concentrations are found as much as 
3200 km from any shore support facility. (Table 3) Though nodules 
occur on all ocean floors, their distribut Lon density and their
content in metals proportions vary greatly, a consideration of major 
importance for their eventual mining. Even though some thought has
been given to the exploitation of nodules off the Carolina coast,
most economists consider the deposits of the Northern Central Pacific 
Ocean between Hawaii and Mexico as the only ones worthy of mining, 
at least at present. These deposits show a high concentration density 
and contain an above average proportion of nickel and copper.

The area considered as most valuable covers a territory of
200 km width and 1500 km length between the Clarion and Clipperton 
fault zone, approximately between 8 and 30 degrees latitude north, 
and 131 and 145 degrees longitude west. The nodule concentration 
density ranges from 8 to 20 kg per square meter under a water column 
of about 3 to 5 km. Assessments made by Mcro and Pearson claim that 
these deposits alone exceed, except for copper, all land reserves 
of the metals concerned.

Which are these metals ? What are they worth ? What are actually 
these nodules ?

3.3.9. Texture, Structure and Shape

Nodules are commonly bistruetura1, usually partially smooth 
and partially gritty. However, Raab has listed also black lustrous 
patches, welts and knobs. Old fractures on the surface are often 
filled with clay and extra manganese. The black, potato-shaped nodules 
range in size from 1 to 15 cm (diameter), but on the average measure 
5 cm.

Most nodules are less than 20 cm in diameter but large sizes 
do occur: one sample weighing 750 kg and measuring one meter in
diameter was retrieved by a British expedition from the Philippine 
Trench and a French research team picked up one weighing 128 kg 
from a depth of between 1000 and 1600 m near Tuamotu (Tahiti). Asym
metric growth appears normal and structural variations common. On 
the surface, a nodule is originally honeycombed, but these openings 
are filled with clay as it grows by adding successive concentric 
layers.

These layers are thicker on the bottom side and each is a unit 
whose thicknesses vary, often not visible to the naked eye. A nodule 
may, in part or in toto, be all but noncrystalline. Highly porous, 
due to the fine grain size ol iron and manganese oxides, noduLes 
can take up rather large quantities of seawater and its dissolved 
salts. Mero mentioned that because of their large surface area.
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nodules can be effective converters of unburned hydrocarbons Into 
carbon dioxide for car exhausts and sulfur absorbers from stack 
gases.

Cone shaped nodules have been collected in the North Pacific 
Ocean surrounded by organic—rich muds. Decay of organic matter makes 
the nodule water soluble and the manganese on its bottom is prccipatod, 
in a continuous process on the rim of the nodule. Calvert and Price 
explained an enrichment in manganese in nodules found in such organic- 
rich sediments: as organic matter dissolves the manganese contained 
in the muds, it provides ample supplies for deposition on the nodule.

3.3.10. Composition

Although these polymetallic nodules contain more than thirty 
metallic elements, the predominant components are manganese, nickel, 
copper and cobalt, iron and aluminum. The nodules of the North Central 
Pacific field contain, approximately, 257. manganese, 1̂ 7« nickel,
1 1/37. copper and k% cobalt. (Table 4)

The average nodule is made up of iron, 27 to 307. manganese,
1.1 to 1.4% nickel, 1.0 to 1.37. copper and 0.2 to 0.47. cobalt, though 
some authors describe it as 1 part of manganese dioxide (Mn0 2 ),
2 parts iron oxide ^ 0  20^) and l to 37. by weight of nickel oxide,
copper oxide and cobalt oxide. Yet, all these constituent elements 
are present, in sea water, in only minute quantities. Chemical oceano
graphers, through the study of such other elements as barium and
cesium, have shown that inorganic processes can be effective in 
removing elements from the sea without generating large chemical
inhomogeneities in the ocean.

Besides iron, manganese, cobalt, nickel and copper, nodules 
contain sizeable percentages of silicon (average 9.47.), aluminum 
( x= 2.97.), sodium (x = 2.67.), calcium (x = 1.9%), and magnesium
( x = 1.77.). Other important "trace elements" ( x from 0.67 to 0.87.)
are potassium and titanium. Cadmium, tin, arsenic and bismuth may 
be important constituents.

From a minera logica 1 viewpoint, todokorite and birnessite are
the major manganese minerals; the latter is more oxidized and pre
dominates in shallower environments. Goethite is the only ferrous 
mineral. There are furthermore, numerous detrital minerals such 
as very fine-grained quartz, feldspars, calcite, montmorillonire 
and rutile.

Manganese nodules compare favourably with land-based ores. 
However, removal of the traces of other minerals may represent a 
costly process.

Research conducted by the Geological Survey of Japan established
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a negative correlation between 
and the density ot the nodule, 
graphical sites in regard to 
composition, nickel and copper gra

thickness ot the transparent layer 
a wide variation according to neo- 
distribution density, and chemical 

de.

3.3.11. Rate of Growth

Calculations show that nodules only grow by 3 millimeters (0.003m) 
per million years. A 30 centimeter radius nodule would have required 
one hundred million years to form. Obviously, nodules grow iar slower 
than the sediments upon which they rest. Lamont Observatory (Columbia 
University) cores only occasionally contained nodules and statistically, 
it would be necessary t.o dredge a 4 meter thick layer of sediment 
to gather as nany nodules as are found lying on top.

Apparently, the "life" cycle of a nodule starts when manganese 
and iron oxide begin to accumulate ¿»round a nucleus, for instance 
a shark's tooth, that is larger than the surrounding grains of sediment 
(clay). Then rolled about, it is kept free from old and new accumulated 
sediment. The motion providing agents can be living things or water 
movements. Eventually, however, the nodule is emprisoned in the 
sediment. Nodules of the last 5 million years 3re buried in the 
upper ten meters, hence their apparent abundance. As one gets buried, 
another is born, keeping the "presence" rate about the same.

Prevention of nodule burial has been attributed also to the 
"nudging" of nodules by predators that feed on microorganisms living 
on the nodules. Or, possibly the microorganisms themselves keep 
the nodules busied. Finally, the decrease in nodule concentration 
with sediment depth has been ascribed to the dissolution of the 
metal oxides after burial due to a change in geochemical environment.

Manganese and iron oxides form on all deep sea water exposed 
materials but more rapidly on rocks than on nodules. Manganese ac* 
cumulates probably faster on North Pacific nodules (0.8 g/ cm̂  
/10 ° yrs); for the entire ocean, the average rate is 0.6 g/cm / 
10  ̂ yrs. The surrounding sediments show rates of respectively 1.4 
and 12.

Based upon composition studies, it seems that nodule growth 
may vary with time and space. Genetic classification of nodules 
is difficult because some deposits show characteristics belonging 
to more than one type.

Weak bottom currents may sweep away muds and clay sediments 
thereby leaving manganese "rock" undisturbed and uncovered, e.g. 
on the Blake Plateau. Where such currents are strong enough to sweep 
away all sediments, nodules reach considerable sizes, and in sediment 
accumulation zones nodules get buried after attaining 10 to 15 cm 
in diameter. Animals are credited with rolling the nodules around.
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thus preventing their burial, until their size is too large fnr 
them to move the nodules. Generally speaking nodules are concentrated 
in zones of slow sedimentation. Bottom currents influence the shape 
of nodules also; where they are, strong rocks containing iron and 
manganese appear as slabs or pavement formations.

Nearly two dozens of microscopic foraminifers have been identified 
on the surface and in the interior of nodules, but these were not 
found in the sediments surrounding the nodules. These species occur 
on nodules recovered from various depths (1000 to 3000 meters!. 
Apparently there is a relationship between the presence of the foramini
fers and the growth characteristics of the nodules: their incidence 
is maximal on the nodule's rim nearest to the sediment-water Lntt r 
face which is also the area of fastest growth and most varied chemistry 
of the nodule. Much remains to be understood about the tests of 
the organisms in relation to the nodules and the surrounding sediments, 
but it has been observed that the most economically interesting 
nodules are found where the encrust Lng foraminifers are most numerous; 
a hypothetical explanation is that the northeast equatorial Pacific 
being close to biologically rich upwelling areas, the bottom gets 
more food here than elsewhere and metals found in plankton are found 
also in nodules which may explain the unusual metal concent rat ion 
and high density of foraminifers on nodules.

3.3.12. Origin

Several theories attempt to explain the origin of the nodules; 
some hold that they result from the precipitation of sea water particles 
originating from terrestrial and subsea sources, and submarine volcanic 
exp losions.

Waters in sediments underlying the nodules are f3r richer in 
manganese than those above it; they could be the source of a simple 
manganese precipitation.

Another point of view is that they are an organic phenomenon 
with living organisms the agents through which the metals are deposited 
on a nucleus. A third theory, while accepting the possibility that 
nodules could form without bacterial intervention, holds that bacteria 
produce a catalyzing enzyme helping the reactions occuring at deep 
ocean pressure and temperature.

3.3.12.1. Weathering

Manganese, iron, nickel, cobalt and copper are brought to the 
ocean as a consequence of weathering on the continent. Their concen
tration, however, is unusually high, and some, pointing to man's 
deforestation action and his agricultural activities leading into 
higher denudation rates, conclude that the continents could not
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have provided for the enrichment in manganese because no n e a r — shore 
sediment amount is adequate to explain such large» accumulai ion. 
The nodules would be hydrogenous deposits formed by slow precipitut >OM 
of iron and manganese from sea »water.

However, it has been proposed also that nodules could result 
from halmyrolysis, submarine weathering of sediments or rocks, ihe 
material principally affected is basalt. Halmyrolysis has been defined 
also as "chemical rearrangements and replacements while a sediment 
is still on the sea floor", »which leads to the next hypothesis.

3.3.12.2. Secondary enrichment

Secondary enrichment by leaching of metals from underlying 
rock by fluids and redeposition, could provide a substitute explanation, 
when sediment is buried sufficiently deep, reducing conditions develop 
that free the bound manganese which migrates up again to the top 
sediment layers; here oxygen is present and reprecipitation occurs. 
However, no manganese-poor sediment has been observed yet in cores, 
and great doubts remain that the upward migration process could 
be achieved fast enough to result in this secondary enrichment. 
Nodules could be diagenetic deposits with elements partly supplied 
by post depositional in-sediment redistribution. Diagenesis refers 
to changes occuring in beds, prior to consolidation or cementation 
•while the accumulative process continues.

The Deep Sea Drilling Project led to the hypothesis that hot 
intrusive rocks could have raised the temperature of overlying sediments 
and thvis increased the metals' solubility in the interstitial »water. 
Metals would then have been leached out of sediments, and trapped 
waters migrated outward and upon reaching the more oxidizing interface 
with the ocean water above, manganese, copper, iron and nickel would 
rapidly precipitate.

3.3.12.3. Volcanism

The third major hypothesis suggests that hot basalts rising 
from the earth's interior in regions of submarine volcanism, saturate 
water seeping down from the ocean with their constituent elements. 
This water eventually spills out onto the ocean floor. Indeed, »we 
notice that sediment samples from the ocean ridges are rich in manganese 
and iron oxides and such concentration is rapidly reduced as we 
travel away from the ridges' crests.

To counter this view, it has been argued that instead of declining 
steadily as the distance to the crest increases, manganese concen
trations, while lower than at the crest, are rather uniform over 
ocean basins. A potential reply is that only a small part of the 
manganese is precipitated on and near the ridge's flanks and that
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the largest part is carried away and spread over wide oceanic areas.

Nodules, in this view, would be hydrothermal deposits in which 
the elements are supplied by hydrothermal activity on the sea floor 
in areas of high heat flow, but also away from them if indeed, "a 
large part of the manganese is carried away from the volcanism center".

3.3.12.4. Cavity Filling

Burns and Brown, in a National Science Foundation report (1972) 
noticed that colloidal iron oxides may deposit onto certain nuclei 
in cavities under highly acidic local conditions, followed by manganese 
oxides deposition by a catalytic process.

3.3.12.5. Organic Origin

In 1974, the Scripps Institution of Oceanography divulged its 
hypothesis (Science 2/3/74, p 503) that living organisms may be
the agents through which the metals are deposited on a nucleus.
At Rensselaer Polytechnic Institute still another idea was developed: 
bacteria produce an enzyme that catalyzes the reactions that occur 
at temperatures and pressures of the deep ocean; bacteria exist
that oxidize and precipitate metals, among which, is manganese.
While precipitation onto a growing nodule couid occur without bacteria, 
such organisms acceleratae the process. Renssellaer Polytechnic 
Institute's Henry Ehrlich showed that bacteria can precipitate manganese 
from seawater, speeding up nodule growth.

Because of the discovery of small tubular nodules on the surface 
and within the interior of the nodules, several researchers favour 
an organic origin for nodules; they see them grow as coral does. 
These tubes, filled in the interior with clay, debris and inorganically 
or bacterially precipitated manganese, are built by bottom dwellers, 
such as foraminifera, from microglobules of manganese.

Finally, manganese oxidizing bacteria promote the growth of 
nodules by manganese accretion, and manganese-oxide reducing bacteria 
bring about dissolution of copper, cobalt, nickel and manganese, 
(but not iron) from the nodules.

3.3.13. Environmental Impact

Mining of manganese nodules unavoidably will have environmental 
consequences. When a sediment is brought up in the surface and dis
charged, a plume containing manganese tracings and other materials 
will be created. At the bottom this discharge will create also a 
plume and in addition, any gathering device moving along the bottom 
destroys whatever lies in its path, i.e. the benthos. Thus far no
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clear picture of these effects is known; studies indicate that surface 
impact will affect Man directly while bottom impact is very remote 
from him. No reply has been found yet to the question whether discharged 
material accumulates at the pycnocline (60 meters) the limit between 
the well-mixed surface and the denser deeper waters. Nor have answers 
been found to the question how the segment of the global ocean t hat 
will be mined will be affected when not one experimental vessel 
on a pilot run, but entire fleets of mining ships will be in activity.

Assuming that a single ship recovers 5,000 metric tons of nodules 
in a day, then 0.9^km of sediments would be skimmed and 0.2 square 
kilometers of ocean floor would be compacted, while 36,000 tons of 
sediment plus 783 kilograms of living plants and animals plus 100,000 
cubic meters of water would be lifted and again spurted back relatively 
close to the ocean floor. At the surface the discharged material 
will include 1,000 metric cons of sediment, 50 tons of abraded nodules, 
23 kilograms of living matter and 20,000 cubic meters of water.

If changes in temperature, salinity, dissolved oxygen and nutrients 
presence will probably be insignificant, rejected particle matter 
will reduce greatly light penetration in the upper layers of ocean
water, and productivity will have returned to only 507, of normalcy 
within 24 hours. Not only would fish stocks and zooplankton suffer 
a temporary decrease, but the particles may clog the latter's res
piratory and feeding appendages, and even enter their digestive 
system, thereby introducing heavy minerals in the food chain. Fish, 
because of breathing problems would leave the mining areas, though 
depth-species might be endangered.

Clearing of the waters might be helped by particles ingestion 
by filter feeding organisms which would incorporate the particulate 
matter in their feces and hence fecal pellets would take it faster
to the bottom than if it remained as a fine material. Some of the
practical consequences could be damage to the tuna fisheries, the 
danger of obstacles along major shipping routes, the transportation
over long distance of the particles due to major currents with ill 
consequences, e.g. for coral reefs, reduction of oxygen in the minimum 
oxygen zone by increased bacterial activity and eventual formation 
of hydrogen sulfide. Such possible effects should caution miners 
to select sites carefully, not only on the basis of profitable economics 
but also on that of long range environmental effects.

3.3.14. Mining

United States based mining companies all selected a recovery 
system encompassing a collector placed on the floor connected by 
a long pipe (up to 5,500 meters) to the mining vessel. Three lifting 
systems are under consideration: a hydraulic airlift , a mechanical
pump and a continuous line bucket (buckets attached to a loop of 
cable).
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The latter system required a ship to send empty buckets down 
and a second one to haul t Item up. A recent NOAA sponsored study 
considered the processing phase of the nodules once recovered. Ground 
nodules in salt water, a slurry, or dried and ground nodules could 
be transferred from mining to transport-ship by conveyors, pneumatic 
blowers or slurry pumps. Nodule processing could be carried out 
at sea or on land; both alternatives involve toxic containing waste 
disposal. The wastes, treated with slaked lime which would fix the 
heavy metals or by using reagents to fix or precipitate these, could 
be placed in landfills, or dumped into the ocean alter toxic substances 
removal.

Processing of the nodules could be done through ammoniac leaching 
and reduction; a metal-containing solution is subsequently purified. 
The nodules can also be placed in a diluted sulfuric acid solution 
at high temperature (470 °C) followed by washing. Nodules, first 
dried and ground, can be roasted (500°C) in gaseous hydrogen chloride 
and the metals thus separated. Finally, a smelting-type approach 
can be used: dried nodules are reduced then placed into a furnace;
the resulting slag, containing ferromanganese and matte made of 
a Ni-Cu-Co-S alloy, then are processed for metal recovery.

3.3.15. Economics
12According to Allan Archer, the figure of l*j x 10

nodules in the Pacific is grossly overestimated and the 
might be much closer to 5 x 10 wet tons, of which only between
15 and 25 x 10 9 wet tons would satisfy the current criteria for 
mining.

Occurrence of the nodules, already detected by the "Challenger" 
more than a century ago, is common in regions of accidented relief
and slow sedimentation where red clays, and diatomaceous or radiolarian 
oozes predominate, Lhough at lesser depths (1 to 2 km) they rest:
upon igneous or carbonaceous rocks and the ocean bottom. At these
lesser depths the nodules are predominantly manganese dioxide, while 
deeper they are mostly todokorite which concentrates nickel and 
copper, replacing the bivalent dioxide; the dioxide concentrates 
instead, cobalt and lead. Todokorite is more common in an oxidizing
milieu.

The study conducted by Nyhart and his co-workers at the Mas
sachusetts Institute of Technology considered an annual recovery
of 2.7 million tons (dry and brutto weight) for a 25 year span; 
they estimated a capital cost of $560 million (1978 value) and yearly 
expenses of $100 million. These amounts were considered too low 
by a German study but this latter document tailed to take into account

tons of 
rea 1 it y
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several factors and thence a projected yearly return of $258 million 
does not seem impossible. (Table 6)

Repeatedly it has been held that mining of manganese nodules 
should take place only when costs are approximately equal to those 
of land operations. This position however, overlooks sizeable additional 
charges which must be faced by marine mining, namely prospecting, 
exploration and technology refinement; and these expenses will benefit 
as well other mining and extraction operations besides nodule retrieval. 
Furthermore, in the case of nodules and the particular metals they
represent, consideration should be given to the continued threat 
posed by the exclusive cornrol of manganese, cobalt and nickel by 
a few countries. The following table shows how these reserves arc 
distributed world-wide; this illustrates that three mineral-rich
countries control over 90“/, of manganese reserves, 697. of cobalt 
and 697. of nickel, plus about 457. of copper. Political upheavals
may endanger not only distribution but upset the world economy as 
well; when a civil war broke out in Shaba (ex-Katanga) province
(Zaire), cobalt prices jumped by 5007.. (Table 7)

Of the 23,279,000 tons of manganese produced in 1978, 4,980,000
tons came from the USSR and 4,759,000 tons from the Republic of
South Africa. In the same year 34,800 tons of cobalt were produced: 
Zaire accounted for 14,500 and the USSR for 2,200; other major pro
ducers were New Caledonia (4,600 tons) and Australia (3,800 tons). Where 
chromium is concerned, South Africa produced 3,466,000 tons and
the USSR, 2,500,000 out of a world total of 10,560,000 tons. (Table 8)

Cost of transportation has been given as an argument against 
nodule extraction; however, the United States must import most of 
its manganese anyhow and the price of this land product includes
407. for transportation at present. Met ai lgesel lschaf t. A.G. has made 
a comparison of land and marine production based upon a 9 million 
ton production in 1985 (Table II).

If only nickel, cobalt and copper are extracted, a profit would 
be made still, hence in view of the fact that nodules will be probably 
the only significant mineral resource outside the proposed EEZ,
thought should be given to their mining. Such mining will have to 
be carried out by remote process with pressures as high as 7,200
psi; nodules must be collected and lifted to the surface. Collectors 
must be designed for specific collection capability and mobility;
lifting systems can be inspired by offshore technology. In the lift 
proposed by Kennecott, it transports the nodules hydraulically as 
a slurry through the lift pipe, connecting ship and collector, some 
5 km long. The pumping system must be able to suck 10,000 tons of 
nodules a day. Finally, the nodules must be transferred from the
mining ship to an ore carrier at sea, since land processing appears
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the only valid solution.

According to a Kennecott report, traditional metal extraction 
from the ore would be prohibitive due to energy costs; their engineers 
propose a process based upon the catalytic reaction reducing manganese 
dioxide with carbon monoxide in an ammoniacal sea water slurry just 
above ambient temperature. The industry maintains that the technology 
for mining and processing the nodules is ready and that it only 
awaits either international or US law that will protect its investments 
to start at least an experimental plant.

In its study the Massachusetts Institute of Technology team 
envisioned a platform equipped with a power plant to activate the 
lift and pipe suction and movement. The mining ship travels above 
depths of about 5 km, towing a 5 km pipe string; the length is thus 
that of the Kennecot t system. The pipe string has a built-in pump
and a collector is mounted at the end. As the ship moves, nodules 
are gathered by the collector, sucked up the pipe and reach the
platform where they are bunkered. The collector has a 10 m width. 
Retrieval is assumed to be 12,250 metric tons of wet nodules per
day or 2,750 million metric tons per year and density concentration, 
13.2 kg per square m^ter, or well below the "ideal sites" for which 
20 and even 50 kg/rn have been observed. This technology has been 
subject to some debate, particularly as it relates to costing; if 
the critiques (which - as already mentioned- have themselves been 
challenged for accuracy) are valid, then an underestimation of as 
much as 1507« in operation costs would exist, and of 73% in investment
costs, perhaps putting the entire operation beyond near-future economic 
feasibility.

According to the views of Jean-Paul Levy, Chief, UN Ocean Economics 
and Technology Office, manganese from the seabed could represent 
by the year 2,000, between 33 and 67% of the world consumption (low 
estimate between 16% and 33), cobalt between 50 and 99% (low; 24 
and 47), nickel between 33 and 66 (low: 13 and 26) and copper, 1̂  
and 3% (low: 1 and 2).
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CONCLUSION

The potential mineral wealth of submerged continental areas is consider
able and may eventually make important contributions to world economy. 
Dissolved substances, in turn, are already a valuable supplement 
to land reserves. The energy potential of the oceans is huge but 
apparently only a relatively small portion can be tapped; nevertheless 
it represents a marked source of energy. Water itself constitutes 
a valuable resource and iceberg use for fresh water (technically 
feasible) may be in the cards for the not overly distant future.

The mineral resource potential of the deep ocean is small per 
unit area in comparison to that of continents as it lacks a thick 
sialic crust, the seat of ore-producing magmas. However, in some 
areas there are rich concentrations of metals such as cassiterite 
in Southeast Asia and polymetallic nodules between Mexico and Hawaii.

Other possible operations one day could include; exploitation 
of deep sea petroleum deposits, and accompanying natural gas reserves; 
recovery of metals concentrated in Upper Cretaceous strata, near 
micro-continents and the oceanic ridges; phosphorite deposits at 
considerable distance from land; of sulfur from cap rocks of salt 
domes. Perhaps one could envision oven small sized floating OTEC 
or wave powered electrical plants put to work in the open ocean 
to permit extraction of hydrogen, deuterium or tritium.

Currently, the only actual deep ocean recovery of mineral matter 
is carried out in the Red Sea, while the major stress for a future 
undertaking aims at the exploitation of polymetallic, viz. manganese 
nodules.

Ocean mining, today technologically possible, may have serious 
socio-economic consequences by displacing in some cases land mining 
and thereby affecting peoples and places; even if marine mining 
poses fewer waste disposal problems than land mining, nevertheless 
a thorough environmental impact study should be carried out in each 
case. (Table 9)

According to a United Nations study conducted by Cruickshank, 
no individual market would be substantially affected by seabed mining 
nor would a majority of the population in any country be by any 
profit-sharing; workers in the specific industry would be. If pollution 
controls are charged against profits, these would be reduced greatly.

The Cruickshank conclusions are at odds with Pardo's and Borgese's
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views chat seabed mining will affect adversely the export earnings 
of some Third World countries (e.g. Zaire, Zambia, Chile, Indonesia) 
but all agree that revenue sharing of seabed mining by an international 
authority would have little impact on a per-capita basis in these 
countries. (Pardo, A. and Borgese, E.M., 1979, Marine resources,
Ocean management and the new international development strategy: 
IFDA Dossier 13, 29-91)

Doubtless an upsurge of interest in marine mining operations 
will occur as soon as the sovereignty status of the high seas has 
been clarified and it remains then to be seen whether exploitation 
of the mineral wealth of the ocean will be an international organization 
undertaking or a giant, company's gamble.

A discussion of nonbiological resources of the ocean should 
include a review of the uses of ocean space as hinted in the summary. 
However, since this is not directly related to the topic this programme 
deals with, we shall limit ourselves to the few lines given in the 
Summary.

QUESTIONS
1. Discuss ocean water as a mineral resource from the point of view of

a. human consumption
b. an energy source

2. Hydrogen as an alternative energy source could be extracted from 
sea water. What would be the possible effects on the ecology or 
world economies?

3. Which of the dissolved substances In the oceans appear to be most 
economically feasible to extract? Why?

4. Goal, limestone, oil and gas are actively mined in various areas 
around the world. Discuss differences between these established 
procedures of known fields and those concerning manganese nodules.

5. What will be the environmental and economic impact of nodule 
mining?
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FIGURE 2. M a j o r  O c e a n i c  M i n e r a l  Sir e s

Major Oceanic Mineral Siles

C orpU td  by: * .H . C i « r l i « r
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FIGURE 3. Hot 3 r i n e s  of the Red Sea

Figure shows sea bottom topography in the area of the three discovered 
deeps; underlying structure of the mid-ocean ridge. Seen from the 
west, north is to the left. The bloc's large axis is 16 km long 
but depths exceeding 2300 m are arbitrary. Arrows in the upper part 
show how surplus water in the Atlantis II deep may periodically 
fill the two other deeps. The so-called sinuous canyon in the lower 
part of the bloc represents the basal rock zone where solutions probably 
deposited rich metallic ore veins in the underlying rock while they 
cooled off as they ascended towards the bottom of the Atlantic II 
deep.
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FIGURE 5.

I 1 I CCiM
1 1 8«U*S caitarco

LtC S, <| £ Won.iS«<i/m«nh5 
4/ ft/goVtes

I “ y;t,y-<'0t' r.,c'*-'>|5e<a/nie«fs
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Geographical distribution of deep sea floor sediments. Mouths of 
largest ten rivers are shown.

After G. Arrhenius, "Pelagic Sediments" in the sea: Ideas and Observa
tions on Progress in the Study of the Seas, Vol. 3, M.N. Mill, editor, 
New York: Interscience Publishers, 1963, p. 657, and the map at the 
University of Chicago.
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FIGURE 6. PTEROPOD OOZE - GEOGRAPHICAL DISTRIBUTION

FIGURE 7. GLOBINERINA OOZE - GEOGRAPHICAL DISTRIBUTION
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FIGURE 8. RED CLAY - GEOGRAPHICAL DISTRIBUTION

FIGURE 9. DIATOMACEOUS OOZE - GEOGRAPHICAL DISTRIBUTION
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FIG. 10: Main sedimentary provinces of the Northern Pacific (ro 
drawn from several sources).

Docs represent sires where nodules (Mn) and pavements (Mn) are found 
on the oceanic floor. The highest concentration of ferro-manganese 
deposits is encountered along the line of junction between biogenetic 
oozes and deep ocean red clay. The majority of sites found in the 
red clay provinces arc: (1) sites believed to have no deposits: 
(2) higher laying sites swept by currents; (3) sites associated 
with coarser sediments, products of local volcanism.



FIGURE II. MAIN TOPOGRAPHIC AND SEDIMENTATION PROVINCES 
OF THE SOUTHWEST F.DGE OF THE 

NORTH ATLANTIC OCEAN
Notice the presence of surface nodules and the deep ocean red clay 
accumulation province.

48.
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SURFACE DISTRIBUTION OF MANGANESE NODULES AND CRUSTS 

IN THE ATLANTIC OCEAN

FIGURE 12 A

HM»<
SURFACE DISTRIBUTION OF MAHCANESE NODULES AND CRUSTS IN THE ATLANTIC OCEAN

ril Htngenese . 01 • 25*
_____ • 25* - 50*. SO* - 25*• 7 St -100*
Proportion of oce.n floor c o r e *  b, survey. Covered 
occupied from Auoust 1963 to J*nu«rv I1M1

stations
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SURFACE DISTRIBUTION OF MANGANESE NODULES AND CRUSTS 

IN THE PACIFIC OCEAN

FIGURE 12 3.



TABLE 1 SALT - OUTER CONTINENTAL SHELF - STATISTICS *

YEAR PRODUCTION PRODUCTION ROYALTY
TONS VALUE($ ) VALUE($)

1960 59,794 10,764 1,792
1961 528,581 95,142 15,857
1962 176,924 31,848 5,308
1963 262,951 47,334 7,889
1964 212,978 38,334 6,389
1965 290,804 52,334 8,724
1966 297,475 53,544 8,924
1967 274,422 49,396 7,422
1968 540,651 97,317 17,030
1969 343,060 61,751 10,292
1970 269,691 48.544 8,091
1971 370,406 66,673 11,112
1972 358,782 64,581 10,764
1973 381,247 68,624 11,437
1974 346,411 62,354 10,392
1975 151,032 (54,212) (8,469)
THROUGH
1975 4,865,209 794,328 132,954

* In pre-1976 dollars

SOURCE: US Geol. Survey: Outer Continental Shelf Statistics 
1953-1975 p.56
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TABLE 2. SULFUR - OUTER CONTINENTAL SHELF

YEAR PRODUCTION
TONS

PRODUCTION* 
VALUE($)

ROYALTY* 
VALUE!$)

1960 98,025 1,762,866 285,784
1961 401,521 7,252,931 1,170,733
1962 285,975 5,507,050 835,816
1963 552,573 11,069,637 1,617,471
1964 634,875 12,748,602 1,858,535
1965 1,090,950 23,387,005 3,197,532
1966 1,400,848 32,621,551 4,128,691
1967 1,409,276 37,291,107 4, 167,804
1968 1,553,621 53,277,667 4,628,512
1969 1,232,939 49,129,573 3,684,432
1970 1,099,584 24,636,736 3,235,874
1971 1,178,400 23,718,311 3,452,117
1972 1,176,833 22,286,906 3,438,515
1973 1,235,358 23,748,632 3,610,757
1974 1,303,750 34,820,443 3,852,700
1975 1,248,134 69,737,571 3,737,784
THROUGH
1975 15,902,662 432,996,588 46,903,057

* In pre-1976 dollars

SOURCE: US Geol. Survey: Outer Continental Shelf Statistics 
1953-1975, p.57
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TABLE 3 AVERAGE ANALYSES OF POLYMETALLIC NODULES 
(7„ Dry Weight)

Region Nickel Copper Manganese Coba It

Nort h Pacific siliceous ooze 1.28 .16 24.6 .23
North Pacific red clay .7 6 .49 18.2 .25
South Pacific elevations .41 .13 14.ó .78
South Pacific abyssal plain .51 .23 15.1 .34
North Atlant ic .38 .15 14.2 .34
South Atlantic .48 .15 18.0 .31
Indian Ocean .50 .19 14.7 .28

SOURCE: United Nations, Committee on the Peacefu 1 Uses of t he Seabed
and the Ocean Floor Beyond the Limits of Nat iona 1 Jurisdict ion,
Economic Significance, in Terms of Seabed Mineral Resources of
the Various Limits Proposed for NationaL Jurisdict ion (A/Ac.138
/87), June, 1973.



TABLE A RESERVES OF METALS IN POLYMETALLIC NODULES OF THE PACIFIC OCEAN

Approxi- U.S. Rate Rate of
Reserves mate of Con- Accumula- Rate of World
in Nodules World sumpt ion t ion of Accumula- Con

Amount at Con- Land of Element Element t ion/ sumpt ion
of Element sumpt ion Reserves Reserves in 1960 in Nodules Rate of U.S.
in Nodules Rate of of in Nodules/ (Mi 1 lions (Mil lions U.S. Con-
Bi 1 lions 1960 Elements Reserves of Tons of Tons Con- sumption

Element of Tons)* (Years)** (Years)*** on Land per Year)Jx per Year) sumpt ion

Magnesium 25 600,000 I *** U ** . . . .0A . 18 A.5 2.5
Aluminum A3 20,000 100 200 2.0 .30 .15 2.0
T ilaniurn 9.9 2,000,000 .  • . .30 .069 .23 A .0
Vanadium .8 A00.00O l*55 . .  . .002 .0056 2.8 A. 0
Manganese 358 A00.000 100 A, 000 .8 2.5 3.0 8.0
I ron 207 2,000 500**1 A 100 1 .A A.01 2.5
Coba 11 5.2 200,000 A0 5,000 .008 .036 A.5 2.0
Nickel 1A. 7 150,000 100 1,500 .11 .102 1 .0 3.0
Copper 7.9 6,000 A0 150 1.2 .055 .05 A. 0
Zink .7 1,000 100 10 .9 .00A8 .005 3.5
GaIlium .015 150,000 • . . • .  • .0001 .0001 1.0
Zirconium .93 +100,000 + 100 1 ,000 .0013 .0065 5.0 • . .
Mo 1ybdenum .77 30,000 500 60 .25 .005A .2 2.0
Si Iver .001 100 100 1 .006 .00003 .005 . . .
Lead 1.3 1 ,000 A0 50 1.0 .009 .009 2.5

Cn

SOURCE: John Mero,The Mineral Resources of the Sea (New York: American Elsevier, 1966), p.196 
* All tonnages in metric units
** Amount available in the nodules divided by the consumption rate.
*** Calculated as the element in metric tons (from U.S. Bureau of Mines Bulletin no.556). ** Calculated in metr.tons 
** Present reserves so large as to be essentially unlimited at present rates of consumption 
*** including deposits of iron that are at present considered marginal.



TABLE 5 POLYMETALLIC NODULES: COMMERCIALLY ATTRACTIVE CONSTITUENTS PROJECTIONS FOR FUTURE DEMAND
(Short Tons)

Conimodity
U.S. Production 

(1971)
World Production _____United States (198e)___________

(1971) Low Estimate High Estimate

Manganese 
Coba 11 
Nickel 
Copper

0 22,792,130*
Negl gib le 25,857 (Co content)

15,654 (Ni content) 706,069 (Ni content) 
1,522,183 (recoverable)6,664,079(Cu content)

1.700.000 
14,650

356,000
3.600.000

1.950.000 
17,050

414,000
4.200.000

Total World (1985) UnitedStates (2000 Total World (2000)

Low Estimate High Estimate Low Estim3te High Estimate Low Estimate High Estimate

Manganese 13,700,000 17,950,000 2,265,000 2,900,000 18,265,000 23,900,000
Coba 11 25,850 28,250 26,000 34,300 40,550 48,850
Nickel 960,000 1,018,000 632,000 833,000 1,464,000 1,665,000
Copper 11,200,000 13,500,000 6,000,000 7,800,000 15,700,000 20,000,000

SOURCES: U.S. Commission on Marine Science, Engineering and Resources, Marine Resources and Legal-political Ar
rangements for their Developent (Washington, D.C.: U.S. Commission on Marine Science, Engineering and 
Resources, 1969) pp.vii — 13 3,134,140,142 ; U.S. Bureau of Mines, Mineral Yearbook, 1971.

* Figure given in gross weight manganese ore (35 percent or more Mil content).
" Includes 2.581 short tons recovered as a by-product of metal refining.
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TABLE 6 1973 PROJECTED MARKET VALUE OF METALS FROM Polymetallic
NODULES IN 1985 AND 2000

Price per Ton 
(1985)

Price per Ton 
(2000)

Manganese 200 200
Cobalt 1,500 1,500
Nicke 1 2,900 3,040
Copper 1,660 1,980

SOURCE: U.S. Congress, Senate, Committee on Commerce, The Economic Value 
of the Ocean Resources of the United States, S.Res.222 (Washing
ton, D.C.: Government Printing Office, 1974), p. 26.



TABLE 7 WORLD RESERVES OF NICKEL (Ni), COPPER (Cu) 
COBALT (Co), AND MANGANESE (Mn)

Country
Ni

% Rank
Cu

% Rank
Co

/o Rank
Mn

V Rank

New Caledonia 43.7 1 27.2 2

Canada 16.1 2 6.8 4

USSR 9.6 3 7.9 3 8.3 5 37.5 2

Australia 9.2 4 8 3

Indonesia 8.7 5 13.8 4

USA 3.4 6 18.4 l

Chile 18.4 2

Peru 6.5 5

Zambia 6.3 6 14.2 3

Zaire 5.6 7 27.7 1

Rep.S.Africa 45 1

Gabon 5 4

Brazil 2.2 5
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TABLE 8. PROBABLE PRODUCTION FROM NODULES, ESTIMATED WORLD DEMAND AND ESTIMATED NET 
IMPORT REQUIREMENTS OF INDUSTRIAL COUNTRIES (in Thousand Tons)

Probable 
Production 
from Nodules

Est imat ed
World
Demand

Estimated Net Import 
Requirement s of 
Industrial Countries

Manganese 824 14,878 6,622
Nicke 1 199 1,106 699
Cobalt 27 54 Not av.
Copper 181 13,517 3,266*

SOURCE: Third United Nations Conference on the Law of the Sea, Report of the Secretary 
General: Economic Implications of Seabed Mineral Development in the Internati
onal Area (A/Conf. 62/25, May 22, 1974.

* Not including centrally planned economies.

TABLE 9. COMPARISON OF LAND AND HYPOTHETICAL MARINE PRODUCTION 
OF Ni, Cu, Co and Mn (IN METRIC TONS)

Production Type Ni Cu Co Mn

Land(1976) 866,700 7,873,800 26,000 24,759,200
Marine(1985) 200,000 182,000 27,220 834,200
Ratio Marine/Land 0.23 0.02 1.05 0.03
Share Marine vs. World0/. 18.76 2.26 51.15 3.26

World 1,066,700 8,055,800 53,220 25,593,400
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EXPLORATION FOR MANGANESE NODULES

INTRODUCTION

The fundamental objective of a mineral exploration program is to 
discover new potential sources of mineral supply and to provide 
data for the subsequent delineation and evaluation of the particular 
deposit with a view to exploitation at some future time.

Exploration, like basic research, is essential to the long 
term supply of minerals and consequently the continued availability 
of the mineral based products chat are necessary to industrial develop
ment and improved material standards of living. It is not an activity 
that can be turned on and off like a water tap and it requires long 
term economic, political, legal and social stability. From an investor's 
point of view exploration requires the prospect of a better than 
average return on investment in order to maintain incentive and 
operational efficiency - time and money are required to develop 
the personnel skills and experience, and the technology necessary 
to find deposits which show a distinct tendency, over time, to follow 
the "law of diminishing returns" with respect to grade and discovery 
frequency. In short, mineral exploration represents an investment 
in the future, both in the medium and long term. Expectations of 
returns from exploration activity are, however, not assured or even 
probable in the short term, or, for that matter, in the long term. 
Benefits that do accrue are as a result of exploitation of the deposits, 
and are not directly due to the exploration activity. In fact, a 
highly successful discovery may, for various reasons, never reach 
the production stage, in which case there would be no returns or
benefits from exploitation.

The ultimate goal of mineral exploration is exploitation. Without 
the lacter step the former must be considered a failure and cannot 
be justified using any criteria. Consequently, the decision to invest 
in, and implement exploration is highly sensitive to the prevailing 
and medium term political, economical and social climace as well 
as to any conditions that could prevent or constrain future production, 
or restrict benefits that could reasonably be expected to flow from 
exploitation.

The paper deals with exploration for polymetallic nodules in
the deep seabed environment. It assumes a favourable perception
of future conditions relative to the supply and demand for nickel, 
cobalt, copper and manganese and that exploration from nodules will 
continue. Thus, the decision to explore is assumed to be positive.
The paper will therefore concentrate on aspects of information require
ments, exploration techniques and data processing and evaluation

1.
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techniques applicable to the determination of the technical and 
economic feasibility of nodule mining. It also attempts to highlight 
the need for more quality information comparable to that generally 
available for the evaluation of land-based deposits.
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F i g u r e  1.

THE MINERAL SUPPLY PROCESS
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THE EXPLORATION PROCESS

Reference to Figure I diagrammatical ly Illustrates the position 
of exploration in the mineral supply process. It 3lso gives some 
indication of the environment that is needed and the information 
requirements necessary for an investment decision in favour of explora
tion. Specifically, the decision to explore requires: a favourable
and positive assessment of future economic, political and social 
conditions; legislation that will enable exploitation if a discovery 
is made; and adequate returns and benefits, commensurate with the 
risks, investment and initiative involved.

Before embarking on an exploration programme, with special 
reference to nodule mining, certain questions must be raised and 
answered. Obviously this is a continuing decision-making process 
dependent on conditions and requirements encountered as the programme 
progresses and more information becomes available. However, at the 
initiation of the programme decisions must be made, generally based 
on very little factual information.

For the purpose of simplification the decisions to 
revolve around the following basic questions:

be made

What minerals should we be looking for and why?
This defines the objectives of the exploration programme 
and those of the exploration organization.
Where should we explore to maximize the chances for a 
successful discovery?
Having decided what minerals to explore for, this defines 
the optimum geological and geographical location for the 
search-the target area.
When should we explore?
This decision is based on metal market and price forecasts, 
and on estimates of the time required to discover and 
bring a new mine into production. It also has an impact 
on the urgency of the project and hence the resource require
ments.
What information do we require to evaluate discoveries 
made?
This defines the type, quantity and quality of data required 
from exploration procedures, the criteria against which 
it is to be evaluated, and the data processing and evaluation 
techniques to be used.
How should we explore?
Based on the expected characteristics of the geological 
environment of exploration and information requirements, 
this defines the most appropriate techniques and methods, 
and the personnel requirements.
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The exploration process is thus 

large areas of low economic potential 
as possible. This enables concentration 
areas.

aimed at 
as quick 
on sma 1

the elimination of 
ly and inexpensively 
1er, more favourable

Figure 2

EXPLORATION PROCESS AND PROGRESS



Exploration Programme Objectives

For this paper the exploration objective is to locate, delineate 
and evaluate manganese nodule deposits of economic potential, based 
on the combined value of their content of nickel, copper, cobalt 
and manganese - the latter mineral to be included provided that 
the economics of extraction and the market forecasts are favourable.

The objectives of the explorer or investor are very dependent 
on whether the particular organization represents public or private 
interests and whether it is local, national or international in 
character and composition. Within the confines of the above interests, 
objectives may be measurable in monetary or physical units to provide 
an evaluation of financial, economic, managerial and technical effec
tiveness and efficiency. Other objectives may be less tangible and 
relate to concepts expressing environmental concern, the need for 
a "new international economic order", the "common heritage of mankind", 
and others. The impact of exploration, as represented by the end 
result exploitation, in achieving these various objectives may be 
direct or indirect - the activity itself may be the goal, or it 
may represent an input element into a much larger objective. Examples 
of these may include: profit or supply security and independence
as direct objectives; industrialization and economic diversification 
or the establishment of a new international economic order as indirect 
objectives. While these objectives appear to be radically dissimilar 
and in some ways contradictory, they could all be encompassed under 
the umbrella of "maximizing the oenefits to be derived from mineral 
endowment". This essentially means the optimization of benefits 
to each of the participants in the productive activity - including 
society as a whole, governments who are in most cases the resource
owners on behalf of the people, and the investors and operators respon
sible for production, be they from the public or the private sector. 
Generally, attempts by any of the participants to maximize their
share of the benefits results in a less than optimal result and, 
consequently, total benefits that are less than maximum.

Area of Exploration

The exploration process is one of elimination and consolidation.
Successive evaluations of increasing sophistication, detail and 
cost eliminate large portions of the initial area of interest. Ulti
mately only the areas of greatest indicated potential are retained 
for detailed, high cost exploration and evaluation. These represent 
the so-called target areas. Within these target areas occur the 
potential and actual mines which are then delineated using close
spaced sample grids which provide the material samples, used in technical 
and economic feasibility studies. (Refer Fig. 2)

In some instances the potential mine is partially developed 
to provide large bulk samples for the same purposes.

65.
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In the initial stages of an exploration programme supporting 
evidence for possible targets is obtained from a number of sources. 
This includes both direct and indirect evidence. The latter may 
consist of concepts and theories of deposition and genesis based 
on observation and extrapolation of available information, which 
in turn allows for direct exploration procedures. In the case of 
manganese nodules one genetic theory of formation has given rise 
to a conceptually preferred depositional environment which requires

i. a highly siliceous sea floor of 'reasonable' thickness
ii. an area of high biological productivity
iii. a sea bottom at or below the calcium carbonate compensation 

depth.

At the present level of knowledge there are a number of theories 
of nodule formation which explains, to some extent, why different 
consortia have concentrated their efforts in different areas of 
the sea floor.

In addition to the ability to predict environments of potential 
nodule formation, other practical considerations effecting the mining 
and transportation of nodules needs to be taken into account. Such 
factors include: the topography of the sea floor-slope and macro 
and micro impediments to exploitation; deposit-depth ; distance from 
processing facilities.

The above provide the explorer with some criteria upon which 
to base his search for favourable target areas. They are obviously 
not infallible and much research is needed to establish their predictive 
usefulness in exploration.

Deepsea polymetallic nodules appear to be preferentially dis
tributed (based on available information obtained from numerous
reconnaissance surveys) in quality and quantity on the oceans’ floors. 
Specific areas have been delineated, again based on available infor
mation, which appear to offer the greatest potential for economical 
mining activities at the present time and in the near future - con
sidering the existing state of technological development and forecast 
metal markets.

These latter areas, referred to as the prime first generation 
sites, include the Clarion-Clipperton area in the North-Eastern 
Pacific Ocean which appears the most favourable and covers hundreds 
of thousands of square kilometers. These 'prime' sites are very
large in comparison to land-based mine sites or when compared to
the 20000 to 30000 kms^ considered most likely for a nodule mine 
- individual land-based mine sites seldom exceed 150 km “ although
a metallogenic province or region may cover an area as large as
50000 km and contain 60 to 70 mines. For comparative purposes a
proposed nodule mine site would be of the order of 30000 km - based 
on known nodule distributions and estimates of the percentage recovery
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likely from mining operations - assuming 3 million dry tonnes per
year recovery rate over a mine life of 20 to 25 years. Thus, it
would appear that a single nodule mine would cover an area equal 
in size to a land-based metallogenic province of the size of a Witwater- 
srand Gold Field, a Sudbury Basin or an Athabasca Tar Sand deposit.

The Clarion-Ciipperton area shows the greatest potential at
present.^ The garget area has bet̂ n reduced from an original, estimated
10 x 10 kms “, through a 6 x l̂  km area containing a nodule density
of greater than 9 kgms/metre to -the present 800000 kms“ . Within 
this2 area Deepsea Ventures Incorporated have iaid "claim" to 60000 
kms for the purpose of obtaining exclusive mining rights. At present 
the claim has been "frozen" until negotiations on an international 
treaty have been concluded at the Law of the Sea Conference.

Other potential mining areas have been 'located' in the South
Pacific, Atlantic and Indian oceans, but it would seem that the 
first nodule mines will eventually be located in the Clarion-Ciipperton 
area, for reasons of quality and quantity of resources as well as 
location. However, at the present time, based on available information, 
no mine sites have been 'proved up' and much detailed work still 
appears to be necessary before actual production takes place. Delegates 
to the International Seminar on Offshore Mineral Resources (12,
13, la, 15, 16) generally expressed the opinion that potential mining
areas or zones have already been located and that first generation 
mining technology is currently available. However, they also state 
that institutional, political and legal problems will prevent further 
investment and development in exploration and technology.

Timing of Exploration Activities

Absolute time requirements for finding an economical deposit and 
preparing it for production are impossible - no two exploration 
companies or programmes are identical and the same applies to mineral 
deposits. However, estimates indicate that the exploration and delinea
tion activity may take up to twenty years, depending on conditions, 
and averages out at about eight years. The development period varies 
from two to three years. The foregoing applies to land-based resources 
with developed technology and methodology. Ideally, exploration 
should be timed so that the resulting production will coincide with 
the peak demand period for the specific metal. Obviously, for a 
multi-product producer this timing would have to be optimized to 
maximize the benefits to the producer.

Metal supply and demand is cyclical and variable in nature 
and corresponds to fluctuations in major factors including the national 
and international economic and political situation. It also is depen
dent on factors such as new discoveries and mine closures, substitution
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by or of other commodities, strikes and the development of new indus
tries and uses. Consequently, the forecast of metal markets and 
prices, and of overall economic activity is an essential prerequisite 
for any exploration programme.

However, in the real world the decision to explore is not always 
based on rational economic analysis (even if it were possible to 
accurately forecast markets). As a consequence, many deposits are 
discovered and developed prematurely, thus utilizing scarce resources 
of manpower and capital that could more effectively be used in 
other sectors of the economy. This could well be the situation in 
the case of nodules. From a global point of view, land-based resources 
of copper, cobalt, nickel and manganese are more than adequate for 
the foreseeable future, and large areas of land with mineral potential 
still remain to be explored, especially in the developing countries. 
Unfortunately, global land-based supply potential cannot be readily 
translated into actual supply for reasons which include:

i. the lack of exploration in geologically favourable areas
ii. resource nationalism in producer countries
iii. uneven distribution of mineral resources
iv. lack of infrastructure in potential producer countries
v. political and economic uncertainty, and mistrust between 

consumer and producer countries
vi. uneven distribution of technology and other capital 

and manpower resources.

The shift over time of recognized mineral reserves and resources, 
from the industrialized to the developing nations has resulted in 
opposing viewpoints. For the developing countries which are producers 
or potential producers of the commodities found in nodules, exploration 
and development of the latter is premature. For the industrialized 
countries, especially Western Europe and Japan, dependent on imports 
for their mineral supply, nodules would provide a measure of supply 
security and self-sufficiency which is vital to their economic, 
industrial, political and military wellbeing. In their case exploration 
and development of manganese nodules is certainly not premature.

To summarize, the timing of exploration for, and exploitation 
of mineral reserves is dependent on many factors including technical 
and economic considerations. Unfortunately, it is also a fact that 
timing is based on concerns related to artificial rather than actual 
minerai shortages.

Information Requirements

Input into the decision-making process concerning exploitation of 
a mineral deposit includes:
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i. technical data concerning the quality and quantity of
the deposit and the surrounding media

ii. forecasts of future economic and market conditions,
and technological developments

iii. availability of resources and infrastructure - including
communication and financial facilities - necessary for 
economic activity

iv. other non-quant ifiablc requirements such as a favourable
social, political, economic and industrial climate

v. criteria of value and risk on which to base decisions; 
this varies depending on the organizations involved 
and their respective objectives and goals.

Two components involved in providing quality information are:

the raw data obtained from sampling r ho 
and other quantifiable data relevant to 
evaluat ion
information processing and presentation 
methods

deposit itself, 
the particular

techniques and

Raw Data

Processing & Presentation
evaluation techniques 
risk analysis 
statistical techniques 
graphic techniques

Maps Figures Tables Financial Results

Informât ion 
1

- technical
- economic
- criteria selected

Logically and statistically risk decreases with increasing 
information availability. With more information a better understanding 
of the deposit and, therefore, the feasibility of exploitation can 
be obtained together with a more reliable estimate of the risks 
involved. Thus the likelihood of making a bad decision can be reduced, 
but never eliminated, to an acceptable level - for a mining venture 
uncertainty and risk is reduced to zero only when the deposit has 
been exhausted and the products sold. Information is obtained by 
subjecting raw sample data to various processing and evaluation 
techniques. Direct and indirect costs, represented by time and the 
use of resources, are associated with information and consequently, 
at some point, a decision has to he made concerning the
adequacy of che data - essentially, when to stop sampling the deposit. 
Statistically, economic and technical evaluation techniques foreconomic
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processing data and evaluating the resulting information are well 
documented in the literature. The methods used are highly dependent 
on the particular characteristics and properties of each mineral 
deposit and the surrounding media. They are also dependent on the 
type of information input and the output requirements which are 
again a function of the objectives of the organizations interested 
in the exploration process.

As mentioned! earlier, a large land-based mine site would seldom 
exceed 150 kms yi area, and in fact a large majority would cover 
less than 20 kms . Within this area delineation sampling is done, 
usually using core-drilling, to provide detailed information concerning 
the dimensions and structure of the deposit and its physical, chemical 
and economic properties as well as those of its surrounding media. 
Sampling patterns vary depending on a number of factors, but each 
sample may represent an area as small as 0.5 kms ̂ or as large as 
2.5 kms . There are variations beyond these limits as well. Addition
ally, the amount of sample taken, expressed as a percentage of the 
total deposit (or the area it is supposed to represent ) also varies 
considerably - a function of the technique and the sample spacing 
- typically from less than 0.001 percent using core drilling, to 
0.2 percent using bulk sampling methods.

If the same amount of deposit information is required for deepsea 
nodî .e mining, then sampling requirements for a mine-site of ^0000 
kms , with a life of 25 years and a production rate of 3 x 10 dry 
tonnes per year, are as follows:

(refer Appendix A) Range

Number of samples required 12000 60000

Dry weight of nodules sampled (Tonnes) 750 150000

Sample spacing (kms) 1.6 0.7

Cost per sample (estimated) $200 $90

Total sampling costs (x 10^) $2.39 $5.41

The estimates above are very rough 'guestimates' and could
be in error (probably understated) by a factor of 2 to 3. However, 
they do provide an ’order of magnitude’ value for sampling costs 
and requirements, as well as an indication of the cost of additional 
informât ion.

Fellerer in his paper (7) estimates that in 1980 the time required
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to ̂  conduct exploration over a site covering approximately 34000 
km would be 213 days. The timing is as follows:

Bathymetric/Seismic Mapping 27 days 
Sampling 66 days 
TV-Survey 30 days

Net time 143 days 
Plus travel time to site 42 days 
Pius time in port 24 days

Total time 213 days

Assuming 185 days (not including in-port days) at $30000 per 
day = $5.55 million. This corresponds fairly well with the estimate
of 160 days to obtain 60000 samples (Appendix A) using a free-fall 
type grab sampler. At the present time it would appear from the 
literature that the total number of sample sites in the Clarion- 
Clipperton area may not exceed 2000. In other wor̂ ls, this is the 
equivalent of 1 sample to represent each 15000 kms“1 - two samples 
per mine site. Compared to land-based coverage, it is obvious that 
sampling of the ocean floor is totally inadequate for reliable value 
estimates. Apart from the data on public file at the Scripps Institute 
and that made available, in detail or in aggregated form, by the 
various consortia and research organizations, not much is known 
concerning the quantity of data held in 'company confidential' files. 
References made in the literature (15, 16) indicate a wide range
of opinions but it does seem to indicate that the consortia have 
amassed data on specific areas of interest. Whether this data will 
ever be made public and under wh.it conditions, are considerations 
being debated at the present time.

Date Requirements

Essential information requirements for the economical and technical 
evaluation of nodule deposits consists of the following:

i. continuity and distribution of nodule concentration 
by area and by size

ii. continuity and distribution of nodule grades by area 
and by nodule sizes

iii. variability in the above parameters

Additional information of importance to e x p l o r a t i o n  activities 
and to future exploitation include:
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i n . 
iv.

the locations of sample sites within acceptable accuracy 
limits
geology, texture and structure - macro and micro - of
the ocean floor and the overlying sediments
depth of samples
nodule structure and hardness

The basic data must be subjected to chemical and physical analyses 
before it can be made use of. It is of vital importance that the 
laboratory and analytical techniques used be standardized and that 
results and information be presented in a form which allows for 
direct comparison between samples from different zones, areas and 
regions. Alternatively, more detail concerning the conditions and 
accuracy of sample collection, processing and analysis should accompany 
all results given.

Evaluation Techniques

Once the basic deposit data has been obtained by various sampling 
techniques and analysed to extract the information to be used for 
deposit evaluation, consideration must be given to appropriate tech
niques for evaluation and information presentation. In order to 
physically handle the anticipated volume of data, as well as providing 
the required degree of flexibility in its manipulation, consideration 
must be given to data processing techniques.

Data storage and processing can readily be handled by modern 
computer facilities. Evaluation techniques currently in use for 
ore reserve calculations - geostatistics, moving-averages, etc. 
- are readily applicable to nodules as are the economic evaluation 
techniques of discounted cash flow, rate of return and others. These 
may be computerized to make use of the power, speed and the flexibility 
of the computer and the software packages - simulation, optimization, 
scheduling, data management - that are available to assist in evaluation 
and the planning for exploitation.

The output required from evaluation processes may be in the 
form of maps - distributions of grades, nodule densities, nodule 
sizes, economically mineable areas, sea floor contours, sea floor
compositions and textures and other parameters 
as tables, graphs, profiles and cross-sections, 
are all currently available and in use by mining and other resource 
industries.

of interest - or 
These capabilities

Decision Making

Informât ion and processing techniques provide the 'numbers' which



73.

serve as input into the decision making process. However, other
input is also required which, under present day conditions, appears 
to be of greater consequence than the purely 'factual' evidence 
of economic ability. This includes input, which is essentially of
a qualitative and subjective nature, concerning the environment, 
concepts related to social, economic, and political development, 
supply independence, resource sovereignty and others. This 'soft' 
information is difficult to quantify and results in decisions which 
may not be optimum in economic or technical terms. Other major factors 
effecting decisions specifically related to investment include the 
proposed or anticipated taxation and incentive policies to be applied 
as well as constraints on production, profits, marketing activities 
and management, control.

The preponderance of concerns external to the mineral deposit 
being evaluated or the geological exploration location being considered, 
has complicated the decision making process considerably. This has 
necessitated and resulted in decisions being made by broad consensus 
of the population and in some instances by the international community.

Exploration for Manganese Nodules

Exploration aims at gathering 
in sufficient quantities for the 
and technical feasibility of

relevant and reliable information 
purpose of evaluating the economic 
exploitation. Techniques available 

range from the remote sensing of attributes and properties of the 
deposit and its surroundings, to the taking of physical samples 
for testing and analysis. In both cases measurements may relate 
to the deposit itself, or to associate or 
presence.

remote indicators of its

The decision on the most 
and techniques is dependent on:

appropriate exploration requirements

i. available technology and cost
ii. physical location of the deposit
iii. properties of the deposit and its constituents
iv. characteristics and properties of the surrounding media
v. distribution of the valuable products
vi. information requirements

The basic characteristics of manganese nodules and nodule deposits 
may be defined as follows:

i. nodules of current economic interest occur at depths 
measurable in thousands of meters below sea level

ii. nodules are speroidal in shape and lie on the surface
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of the sea bed, the latter 
and calcarious oozes (the 
to predominate)
nodules contain economically 
of nickel, cobalt, copper and 
high iron content
nodule concentration, size and

being composed of silicious 
former composition appears

s ign i f icant 
manganese,

quant it ies 
and have a

mineral content shows
oceans, regions, areas

viii.

significant variations between 
and over distances of a few kilometres
topographical variations of both micro and macro dimensions 
occur within nodule areas
it appears from the literature that nodule distribution 
density is negatively correlated with both size and
mineral grade (minerals of interest)
nodules occur preferentially in the 2 to 6 cm diameter
range with some areas showing significant numbers in 
the 6 to 8 cm range
geochemical evidence indicates that there is no dispersion 
halo associated with manganese nodules or its depositiona1 
environment, that is, nodule formation does not give
rise to the dispersion of metals away from the deposit 
site
nodules are nonmagnetic and deposits do not give rise
to gravity or electromagnetically related anomalies 
nodule deposits are not associated with radio-activity 
deposits occur in areas of considerable distance 
land

f rom

From the above it is evident that the chemical and physical 
properties of manganese nodule deposits do not give rise to anomalous 
signals that can be detected using remote, sensing equipment. There 
are, however, some indications, as mentioned earlier, that deposition 
is associated with particular climatic, biological, ocean bottom 
and sedimentation conditions which are detectable. Additionally, 
at least for first generation mining equipment, there are bottom 
conditions which would prevent or constrain mining activities. These 
relate to the deposit slope and the macro and micro structural features 
present in the area. The presence of the latter is difficult to 
detect except by direct observation, but the former two features 
can be distinguished by sonar and seismic techniques. Therefore, 
the interpretation of indirect evidence obtained from these techniques 
makes it possible to eliminate large areas of the sea floor from 
consideration and to indicate areas, based on current concepts and 
theory of high potential for more detailed exploration. At best, 
however, these techniques are very crude and 
refinement in order to identify, with some 
nodule deposits. At present, therefore, the

need a great deal of 
degree of certainty, 
only reliable method

of discovery and evaluation is by direct sampling and observation.
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Nodule Explorât ion

The basic information required from exploration are:

i. metal grades and distribution
ii. nodule distribution density
iii. ocean bottom topography

variety of 
and bottom

For the purpose of obtaining this information a 
box, core and grab samplers for the recovery of nodules 
sediments (the latter in an undisturbed condition) have been developed. 
Optical instruments such as TV cameras, stereo and other photographic 
equipment and systems have been modified for use in determining 
nodule density and size distributions and the presence of micro 
structures on the ocean bottom. There is a positive correlation 
between sediment coverage and nodule occurrence and composition. 
Nodules of economic significance are located on fairly thick sediments 
of siliceous composition. Seismic and sonar techniques are used 
for sub-bottom profiling and mapping (in conjunction with precision 
depth measurements and positional surveys) with a view to locating 
suitable areas for further investigation. As yet these surveys are 
not sufficiently sensitive to determine either the composition of 
the bottom sediments or the presence of nodules and other micro 
structures. However, it appears that this may be possible in the 
next generation of equipment.

The above equipment and techniques are generally the products 
of innovation and modifications to existing systems. In most cases 
they do not represent a 'leap forward' in technology development.
It
of

appears that this 'leap' 
deepsea nodule activity,

will have to await the second generation 
which of course, is dependent on the

outcome from first generation exploitation.

Navigation

In all phases of the work 
naissance and wide-spaced 
site delineation, navigation

on manganese nodules, from regional recon- 
prospecting through exploration to mine 
is of prime importance.

Since the major reconnaissance and prospecting work is currently 
being conducted in the central Pacific remote from land, the high 
accuracy navigation systems designed and developed for coastal work 
(e.g. Hifix, Seafix, etc.) are not applicable. The main navigation 
system available for reconnaissance and wide spaced prospecting 
is the IJ.S. Navy Navigation Satellite System (NNSS). A good satellite 
pass having optimum elevation and balanced reception over the pass,
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will have an error in position of less than 100 m at the time of 
fix. There may be a period of several hours between good fixes during 
which time the accuracy of navigation depends on the dead reckoning 
input. Because of the water depth only the ship's speed through the 
water, not that over the ground, may be measured and fed into dead 
reckoning computations. The major unknown factor is the effect of 
surface current and wind. The error, due to dead reckoning will 
tend to increase with the time from the last fix and may often exceed 
2 km. On receipt of the next good satellite fix it is possible to 
recalculate the ship's path between the two fixes and to determine 
the ship's drift due to surface currents and wind. Takemi Ishihara 
and Kaichi Ishibashi (1977) report that during a Deep Dea Mineral 
Resources Investigation in the Central-Eastern part of the Central 
Pacific Basin, the difference in sampling positions before and after 
recalculation increased with rime, from the previous satellite fix, 
at an approximate rate of 0.8 km/hr and that surface currents in 
the area ranged from 0.5 to 1 knot.

There are proposals that the present NNSS, in which the number 
of operational satellites is slowly decreasing, be replaced by a 
new system. Such a new system would provide higher accuracy in navi
gation for future work. For detailed minesite surveys either bottom 
moored acoustic transducers or tautmoored buoys may be used as reference 
points for navigation. The position of the ship and underwater equipment, 
may be determined with respect to these reference points to an accuracy 
of better than 10 m. The location of (he reference points on the 
earth's surface may be calculated from a series of satellite fixes
of the vessel during work in the area. Relatively cheap tautmoored 
buoys have been constructed using nylon mooring line having tensile 
strength and large elastic strain. Trisponder units mounted on the 
buoys provide fixes with an accuracy of about 10 m.

Determination of Nodule Coveragae and Composit ion

The quickest way of obtaining some knowledge of nodule coverage 
and composition in an area is to use a series of free-fall grabs
fitted with single shot cameras. The limitations of this method 
are that the sample is extremely small compared to the area of interest 
and may not be representative, also the location of the sample is
not well known. However, if nodules are recovered in a grab these 
may be analysed for type and composition and a rough estimate of 
mass coverage and grade deduced.

Far more information on area coverage may be obtained 
by bottom TV observations. Approximate mass values but not grade 
may be inferred. The observations are however, limited to a path 
about 5 m wide along the ship's track, which, due to navigation
limitations, is only determined to an accuracy of about 100 m, unless 
reference points (bottom anchored transducers or tautmoored buoys) 
have been previously set our. Towing speed is restricted to about 
1 knot.
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High frequency side scan sonar systems are capable of a wider 
scan of up to 300 m at higher tow speeds bur with reduced resolution. 
As the resolution is reduced positive identification of the signal 
as arising from manganese nodules is no longer possible, although 
variations in bottom texture are detectable as well as bottom topo
graphy.

Recovery of Samples for Analysis

Besides the free fall grabs mentioned above, samples of manganese 
nodules may be collected by dredge (which usually provides relatively 
large quantities but uncertain coverage data) or by box corers which 
provide a smaller sample but are complete with sediment in a hopefully 
undisturbed arrangement. Piston corers normally provide samples 
containing greater sediment depth but the area is too small for 
nodule coverage estimations.

Efficient Use of Ship Time in Exploration

Because ship time is extremely expensive, optimisation of operation
is very important. This requires careful pre-cruising planning. 
With the variety of instruments, various combination programmes 
have been proposed. These are normally divided into several phases.
Various programmes have been compared by Fellerer (7). It has been
estimated that from an initial survey using a precission depth recorder, 
a sub—bottom profiler and seismic methods which can be operated
at a speed of about 7 knots, only 25 percent of the area would be 
suitable for subsequent detailed exploration. This subsequent survey 
would include free fall grabs and wire-bound stations (each wire- 
bound sample takes 2 to 3 hrs). The survey of 25 percent of the
original area would take about twice as long as the first due to 
the increased density of survey lines and the time required for
free fall and wire-bound samples, at intervals of 5 to 10 km. finally 
for minesite evaluation, TV and side scan sonar surveys at speeds
of approximately 1 knot are required together with grab and wire-
bound sampling. The slow speed and density of coverage (lines at 
about 2 km spacing) make this the most expensive part of the programme.

The combination of slow ship speed and surface currents of up 
to l knot make navigation to the required degree of accuracy difficult. 
A set of reference points, either buoys or bottom anchored transponders, 
would be required. Surveys of this nature would provide the following 
informât ion:

i. detailed bottom topography
ii. arial distribution of nodule density and grade



sediment thickness, type and mechanical properties which 
are of importance to mechanized mining operations 
distribution of surface features, such as the presence 
of boulders or rocky outcrops, that could impede mining 
operations.
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3.

CONCLUSION

The area estimated to be required for a single manganese nodule 
mine site is of the same order of size as some of the larger land- 
based metailogenic provinces, of which the Witwatersrand Gold Fields 
in South Africa and the Sudbury Basin in Canada are examples. Each 
of the latter have accommodated many tens of individual mines. The 
reason for this size requirement is to make use of the economies 
of scale necessary to make technical and economic exploitation feasible. 
The main factors effecting technical exploitation relate to the 
sea bottom topography and sediments and the presence of macro and 
micro structures which would impede mining operations. From the 
economic feasibility point of view, factors include the quality 
and quantity, variability and distribution of manganese nodules 
over the surface of the sea floor. It is evident that the technology 
is currently available to assess these factors, at a cost. In fact, 
much information has already been obtained but is 'locked' away in 
company - and government - confidential files.

Thus, technology cannot be used as the scapegoat for the apparent 
insufficiency of quality information with which to evaluate manganese 
nodule deposits. The real culprit is the lack of political, economic 
and legal consensus, for a number of different reasons, which would 
create a favourable climate for the detailed, but expensive delineation 
and evaluation exploration phase that is now necessary to convert 
resources into reserves and prospects into mines. A favourable invest
ment climate is also necessary to encourage investment in research 
and development to produce the technological break-throughs to second 
generation equipment and techniques for exploration. It must be 
emphasised that current exploration technology is able to do the 
job required at present, but at a high cost in time and inefficiency.

This is because it does not represent a new technology, but 
rather, has been developed by modification of old equipment which 
is in turn being used in modified and innovative systems. An analogy 
might be the Model T Ford modified to compete with modern motor 
cars on new highways by installing a 1980 engine in it, with all 
the subsequently required modifications to brakes, suspension, etc. 
Essentially it is an expensive way to operate and cannot last. New 
technology is essentially for the future.

It would appear therefore, that with the perception of a favourable 
investment, economic, political and legal climate, exploration of 
the nodule deposits of the sea floor would proceed and the necessary 
investment for research and development and for exploitation would 
be forthcoming. How this is to be achieved is the subject of debate 
at the Law of the Sea negotiations.

The engineers and scientists are ready, the politicians, lawyers 
and investors are not!
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APPENDIX A

Calculation of sample effort and costs assumes the following:

i. A square area of approximately 173 kms ,L
ii. Cost per grab sample (free-fall i ype ) - us$ 10
iii. Cost of sample processing (per samp 1e) = us$ 10
iv. Cost per ship day - us$ 30000
V. Ship speed for drop and pickup = 16 knots
vi. Number of days at sea 75 to 160

(Samplers required for two rows only before drop-pickup sequence
starts)

12000 grab samples would require a grid of n o by 110 sample
points, i.e . at 1.6 km centres.

60000 grab samples would require a grid of 250 by 250 sample
points, i.e • a t 10.7 km cent res.

Ship speed of 16 knots would require 6 hours to cover 173 kms .
time to cover 110 lines (drop and pickup sequence)
= approximately 75 days (including 15 day safety factor), 
time to cover 250 lines
= approximately 160 days (including 30 day safety factor).

Sampling costs

12000 samples 60000 samples
Samplers (two rows only)

(number of sample points in 2 rows x $10)$ 2200 5000

Processing costs @ $10 per sample 120000 600000

Ship costs ($30000 per day) 2250000 4800000

Total cost $ 2392200 5405000

Cost per sample $ 200 90
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APPENDIX B

Economics

Glossary of Terms Used

Refers to the optimum use of all resources 
including natural mineral resources, labour 
and management skills, capital, energy 
and technology, to provide maximum total 
benefits from their utilization.

Minera1 A naturally occurring homogenous substance 
having definite physical properties and 
chemical composition and, if formed under 
favourable conditions, a definite crystal 
form.

Ore A material from which minerals as well 
as metals of economic value can be extracted 
at present.

Mineral Deposit A broad term encompassing ore deposits, 
coal and oil shale deposits, the nonmetallic 
family of industrial rock deposits, and 
natural concentrations of economic minerals 
that are likely to be extracted at a profit 
in the near future.

Exploration Refers to the whole sequence of work ranging 
from reconnaissance (looking for a prospect) 
to the evaluation of the prospect and finally 
to the search for additional "mine" ore. 
In some countries prospecting refers to 
"prospecting for mineral deposits, and 
exploration refers to "exploration o_f mineral 
deposits". In others the meaning of terms 
is reversed.

Core A long cylinder of rock or unconsolidated 
sand and mud recovered by diamond drilling.

Bulk Sample A large sample, frequently involving many 
tonnes, selected in such a manner as to 
be representative of the material being 
sampled.

Grab Sample A sample taken at random. it may or may 
not be taken as being representative of 
the material being sampled.



82

Marginal Ore Deposit An orebody of minimal profitabi1itv.

Metallurgy The process of extracting metals and minerals 
from their ores.

Ore Reserves The prime measured assets of a mine as 
to tonnage and grade.

Prospect A mining property, the value of which has 
not been proved by exploration.

Recovery The percentage of the ore that is recovered 
by mining operations or the percentage 
of the valuable minerals recovered by metal
lurgical treatment .

Complex Ore An ore containing a number of minerals 
of economic value, usually implying difficulty 
in ext ract ion.

Concentrate A product containing the valuable minerals 
metals from which most of the waste material 
in the ore has been eliminataed.

Royalty The amount paid by the lessee or operator 
to the owner of the minerals, generally 
based on a certain amount per tonne or 
a percentage of the total production profits or 
reserves.

Sample A small portion of a rock or mineral deposit, 
usually taken for the purpose of being 
assayed to determine the content of valuable 
elements. It is considered to be a representa
tive part of the deposit.

Tailings Material rejected from the mill after recovery 
of the valuable minerals.

Waste Barren rock in a mine, or at least material 
that is too low grade to be of economic 
value.

Profit The difference between total revenue and 
total costs (including capital depreciation). 
It is a measure of the effectiveness and 
the efficiency of economic activity in 
monetary unit s.



Investor Any individual, private or public institution 
or government who invests resources in 
mineral exploration or exploitation.
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QUESTIONS

1. What are the objectives of an exploration programme?

2. The Clarion-Clipperton area shows the greatest potential for mining 
polymetallic nodules. Discuss the reasons.

3. What are the technical/economic factors to be taken into consider
ation when calculating time requirements for exploration and 
exploitation of mineral reserves?

4. What factors must be included when making the decision to explore/ 
exploit a mining site?

5. Why are direct sampling and observation the only reliable methods 
of discovery and evaluation?
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OC F. AN MINING TECHNOLOGY

INTRODUCTION

Ocean mining suffers from a number of probLems which are critical 
to its development:

- Political hurdles on national and international stagts

-The worldwide economic situation, with a possibility ('1 a 
recession

- Financial difficulties in funding further work

- Technical problems for the development of ocean mining and 
transport subsystems

- Demands for technology transfer.

This presentation on ocean mining technology touches the last
wo points and provides some thoughts for discussion and creative 
nd objective analysis. The many technical problems of ocean mining 
rill be identified and some proposed solutions will be investigate 
•elative to the state-of-the-art technology of ocean mining and
rodule transport. A look into the future attempts to identify the 
iteps necessary to eventually develop components for workable systems 
hat are not only technically but also economically feasible.

A status review shows that five groups of industrial companies 
iave accomplished most of the development work. Generally there
ire three basic methods for deep-sea mining: (1) hydraulic,
[2) pneumatic, and (3) mechanical. Although each group spends its 
5wn funds and sometimes duplicates the efforts of others, there
Ls much discrepancy in the individual results. These differences
;an be traced to varying judgement of sea floor characteristics, 
incertain reliability of sub-sea components, differently envisioned 
nining patterns and variable operational conditions on the high 
seas.

2.
PROPOSED OCEAN MINING SYSTEMS

Ocean mining is a complex operat ion which can 
several subcategories, as shown in Figure 1. 
covers only Mining and Transport, which can be 
into individual operations (Figure 2). Each of

be subdivided into 
This presentation 
further subdivided 
these Mining and
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Transport processes will be investigated and discussed in detail 
with emphasis on mining technology.

The development work of the last two decades shows that many 
different approaches and numerous methods have been proposed. Some 
have been tested in small size prototype versions. The pickup and 
lift processes are distinctly different tasks; however, one method 
influences the other very strongly. Hydraulic, pneumatic and mechanical 
lift systems are discussed and both active and passive pickup methods 
(i.e. nodule collectors with or without self-propulsion and steering 
means) are described. The storage and transfer methods will influence 
the configuration and size of the mining vessels.

Both mining and transport, as part of the mechanical system, 
can be performed following two basic approaches:

- Using special mining and transport vessels with special functions

— Using one vessel type only, but changing functions of the
vessel during the operation.

Ocean mining requires all functions which are already regularly 
performed by existing dredging equipment. But it would be an over
simplification to consider mining of nodules from a deep-sea floor 
at 4,000 to 6,000 metres (13,000 to 20,000 feet) as an adaption 
of dredging methods by extrapolation of depth and volume. Dredging 
conditions in coastal areas are different from those in the deep 
sea and the working environment is quite different. These differences 
can be considered as "problems” and will be discussed, along with 
various proposed solutions.

A. Nodule Distribution 

Problem Statement

The deposit of manganese nodules has a unique configuration: one 
single layer of nodules spread on the ocean floor. The nodules 
vary in size from sand to gravel to pebble sizes, up to 20 cm 
(8 inches) and even larger. The nodules lie on top of the ocean 
floor sediments, generally sinking into the soft sediment layer 
for 35 to 7 5% of their height. The density of the nodule material 
is approximately 2.0, with a bulk density weight around 1 kg/1 
(65 lb/cu ft). The nodules have a high porosity: i.e., about 30 
to 507. of the nodule is filled with pore water.

ljim
507.,
the
with

The sediments are composed of 
(1/25,000 inch) in diameter, 
reaching 2007. and more at 

sediments may vary widely, 
respect to bathymetric fe

very fine material of approximately 
. The water content is more than 
the top layer. The consistency of 
depending on the relative location 
atures and current patterns. The
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distribución of nodules is extremely variable, fluctuating between 
0 and 90% bottom coverage or to 50 kg/m (0 to 10 lb/sq ft).

Proposed Solutions

The pickup of nodules involves several tasks: concentrate and pickup 
nodules, separate and eliminate sediments, eliminate oversize nodules 
and discard nodules fines, since they cannot be separated from
sediments. Many ideas have been developed to perform these functions.
Dr. Mero showed, in the first real deep sea mining patent (US Patent 
No.3,226,854), all components needed to perform the required functions 
in a very simple nodule collector (Figure 2).

A completely different approach uses an endless bucket line 
from a single ship. A large number of buckets will be dragged over 
the sea floor picking up nodules and sediments and allowing sediments 
to pass through openings in the buckets; the rest would be washed 
out during the ascent, thus delivering only nodules to the surface 
ship. Handling an endless line from a single ship to the sea floor
at a depth of 4,000 to 6,000 metres (13,000 to 20,000 feet) appeared
to be difficult. Separation of the descending and ascending lines 
could not be guaranteed by the weight differences of empty and
loaded buckets. Gauthier, Tessier, Fleury and Jegousse (3,889,403) 
received a patent for a similar system, but rotated
the loop over two surface ships instead of only one, thus enabling
adjustment of the dragging length over the sea floor by moving 
the ships closer or farther from one another. This arrangement
is also effective in adjusting to changing water depth.

B. Bathymetry 

Problem Statement

The bathymetry of a nodule deposit poses another problem. Since 
the research vessel "GL0MAR CHALLENGER” drilled more than 650 holes 
at about 450 sites in all oceans of the world, there is a relatively 
good understanding of how the sea floor spreads and why the bathymetric 
features are distributed as we find them on the ocean floor. The 
various deep—tow research projects provide some insights into detailed 
bathymetric phenomena. Some mining consortia have accurate and 
site-specific information relating to their potential claim areas, 
but since these data are proprietary, they have not been released 
for publication. The deep-tow data gives some perspective of the 
ocean bottom and use of this information will furnish a general 
image of the sea floor in the principal mining area of the Northern 
Pacific Ocean. Figure 3 shows a typical deep-tow site for which 
accurate data have been plotted on a bathymet ric chart (5). It 
shows abyssal hills having differences in elevation of up to 200 metres 
(600 feet), with the longitudinal axis generally running north/south. 
The hills may be 4 to 10 nautical miles long and 1 to 3 miles wide.
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Slopes often range from 
to 15 degrees and more, 
there are about 10,000 
Ocean. Microbathymetric 
over short distances, up 
elevation changes of as

0 to 2 degrees but may sometimes increase 
Seamounts may be found occasionally, since 
known seamounts in the northern Pacific 

features are sea floor variations occuring 
to ICO metres (300 feet). These may produce 
much as L metre (3 feet) within the width 

of wide nodule collectors. Even smaller variations of 6 inches 
may become important when designing a wide nodule collector targeted 
to effectively collect the thin top layer of nodules. Microbathymetric 
features could also be encountered in the form of boulders deposited 
by icebergs, pillow lava not covered by sediments, knolls and rock 
outcrops, all of which may require protective measures for complex 
and large nodule collectors.

Proposed Solutions

Bathymetric changes have to be 
over the sea floor. Several 
a variety of approaches from 
and the nodule collector to

tolerated when towing nodule collectors 
solutions have been proposed using 
flexible links between the lift pipe 
very flexible lift pipes forming a

catenary to negotiate bathymetric features and depth variations.

lift pipe hangi
t he local hill
lower end of t
n be towed beh i
pipe as an acri

Other solutions may be provided by having a 
down to a level that is safely above the top of 
A flexible element would be connected from the lower end of the 
lift pipe to the nodule collector, which could then be towed behind 
as a passive collector or could move ahead of 
collector with its own propulsion and steering capabilities. An 
active collector may be capable of moving along isobath contours 
to selectively mine an area of deposit at a much higher percentage 
than a passive collector. A bucket of a continuous line bucket 
(CLB) system, which has been damaged by a rock outcrop or other 
obstacle, may be replaced by another bucket. A complex and wide 
nodule collector, especially when active, may require an obstacle 
avoidance system to circumnavigate the obstacle or to stop the whole 
system, if necessary, to prevent damage to the collector.

C. Water Depth

Problem Statement

shown that economically recoverable manganese 
in very deep water, 4,000 to 6,000 metres

Exploratory efforts have 
nodules are found only 
(13,000 to 20,000 
hydraulic 
rope loop
system heavy and costly. At these water depths, it is completely 
dark and any optical observation of the mining process will require 
light from lamps or strobes. Sophisticated sensors may be used 
instead for the safe operation of the system in order to keep the

feet), thus requiring a long lift, pipe for a 
or pneumatic system or an extremely long, deep-reaching 
for a mechanical system. Either requirement makes the
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percentage of solids within certain limits. The time span from 
picking up a nodule until delivering it to the surface ship may
be between 20 and 60 minutes, depending on the water depth and
the speed of ascent. Fluctuations in solid weight mav be considerable 
within the long lift pipe and may require special lift, control 
measures.

Proposed Solutions

Dr. Hero, anticipating the weight problem of the long lift pipe, 
proposed special buoyancy bodies attached to the pipe to support
some of the weight. Airlift systems with lift control to influence 
the upward velocity within the lift pipe were also discussed. An 
active nodule collector could control the input of nodules into 
the lift system by modifying the forward speed.

The mechanical system would be less influenced by the water
depth because the weight of the plastic rope in water is almost 
neutrally buoyant. Large differences in dredging depth could simply 
be met by moving the two ships closer together or farther away 
from another, or by adding or subtracting line units to and from 
the loop.

D. Surface Situation 

Problem Statement

Weather conditions at the sea—air interface may significantly affect 
the operation of the ocean mining system. Average conditions of 
wind, waves, swells and currents will be included in the design 
criteria for the mining system, however, extreme storm conditions 
must be considered for designing the mining vessels and their equipment 
to ride out the bad weather periods. It will be assumed that weather 
predictions allow sufficient time for retrieval of the subsea equipment 
and its safe stowage on the vessel. Contingency plans should be 
made in case retrieval proves impossible; the subsea equipment
could then be disconnected and left suspended in the water, ready 
for reconnection when the weather clears. Tsunamis should not present 
any hazardous conditions because the period and amplitude of tsunami 
waves in oceanic areas of large water depth can be handled. Currents 
and countercurrents in various depth zones of the water mass become 
a navigational problem when considering the slow advancing velocity 
of the whole system relative to the sea floor, requiring appropriate 
maneuverability of the mining and transporting vessels. Low visibility 
conditions may require a warning system to avoid collision hazards 
with other vessels and traffic between mining ship, transport vessels 
and work boats.
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Proposed Solutions

A center well may be needed in the middle of a large mining vessel 
through which the subsea equipment will be lowered, thus reducing 
roll and pitch effects to a minimum. A swivel suspension of the 
lift pipe in a heave-compensated system can reduce heaving effects 
by allowing a certain inclination of the suspended pipe in all 
directions. The use of a semi-submersible or a flip ship may reduce 
vessel motions and allow retrieval of the pipe in heavy weather. 
Most inventors show thrusters for their vessels to increase maneuvera
bility, which is handicapped by low speeds and currents. A two- 
ship or three-ship system with a bucket line loop will also require 
well-planned and exercised maneuvers through surface currents when 
making curns or course changes. A continuing weather observation 
service must be maintained to predict adverse weather and plan 
for quickly securing the subsea equipment.

E. Mining Path Width 

Problem Statement

The distribution of nodules in one single layer on the surface
of the sea floor produces another problem: a compromise between
the forward motion of the mining system, including the mining ship,
and the width of the nodule collector must be found. If the lift
pipe is moved too fast through the water mass, vortex effects may
vibrate the pipe, causing fatigue problems. On the other hand,
if the forward speed decreases, the required mining rate will demand 
a wider nodule collector.

Proposed Solutions

This problem has been recognized from the beginning. Dr. Mero proposed 
a rotating device with two dredgeheads to cover a wide mining path
when moving forward over the sea floor while simultaneously rotating 
with an appropriate collecting speed. A foldable nodule collector 
which would require a relatively small center well in the mining 
vessel and could be unfolded to its full width when reaching the
sea floor and other approaches will be discussed.

The mechanical system will probably cover a wide path consisting 
of small individual mining paths, separated from each other by 
a distance determined by the very slow forward speed of the mining 
vessels.

F. Mining Rate

Problem Statement

Closely related to the mining path width is the mining rate, expressed
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in million tons of nodules per year. It ^as been stated often that 
an economic mining rate will be between 3 and 15 million tons of 
dry nodules per year, with initial mining rates of 1 million «.ons 
per year to debug the system and eventual optimization of a rinai 
approach through relatively large scale tests over a longer period. 
A system collecting 15 million tons per year will obviously require 
a much wider and more complex nodule collector than a similar system 
for only 5 million tons per year. Not only must the mining width 
and forward speed be investigated more thoroughly, but the sizes 
of the mining vessel, the transport carriers, and the transfer 
and unloading systems will become larger, thus increasing investment 
and risks considerably.

Proposed Solutions

The mining rate influences the size of ail marine and shore-based 
subsystems. In order to reduce the size of the mining vessel, plans 
have been made to provide only a small nodule storage capacity 
from which the lifted nodules will be immediately transferred to 
a nodule carrier trailing behind the mining vessel. Questions related 
to the number of vessels, crew size and registration flags will 
follow, being relevant to the costs of equipment and operation.

G. Distance to Port 

Problem Statement

It is assumed that the support base and the processing plant are 
at the same location. The distance from the mining area to this 
port location may be between 500 and 3,000 nautical miles. Selection 
of the mining area will therefore closely consider the potential 
location of the processing plant. The round trip time of each nodule 
carrier will influence the number of carriers, their size and cruising 
speed, nodule storage capacity and transfer system. The frequency 
of the transport cycle will also determine the frequency of crew 
changes as well as the logistics of oil supply, spare parts, pro
visioning and equipment for loading and unloading.

Proposed Solutions

Various sizes of ore carriers built in recent years have been used 
with many different loading and unloading systems. A recent advancement 
in ocean mining is the development of the Marcona Flow System that 
is designed to transfer slurry. This system also allows decanting 
of excessive water content, thus compacting the cargo and preventing 
its shifting during transport, thereby contributing to system safety. 
Transfer of crushed nodule material may take place on the high 
sea in the mining area through floating hoses between the mining 
vessel and a trailing nodule carrier. At the coastal port, the 
reslurried nodule material could be transferred to the shore by
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means of hose and pipeline. Unloading time is thus kept to a minimum, 
reducing costs.

The location of the 
also be evaluated with

support base and processing plant must 
respect to the political, environmental

and regulatory aspects, as well as the logistics of operation.

H. Reliability 

Problem Statement

Reliability aspects 
reliability of the 
surface equipment.

of the marine system arc dependent upon the 
individual components of the subsea and the 
Shutdowns beyond the scheduled maintenance 

operations must be avoided because they will reduce profitability. 
Reliability problems will become greater with increasing complexity 
of the system. A large number of moving parts, sensors and controls 
in a nodule collector will contribute to a reduced reliability 
and may indicate a need for redundance of certain parts. It is 
relatively easy to predict and even calculate reliability of systems 
when using off-the-shelf components in a known environment. Conversely, 
for ocean mining, many components will be newly developed and must 
be tested in the hostile and relatively unknown environment of 
the abyssal depths, which are characterized by absolute darkness, 
water pressure of 400 to 600 atmospheres (6,000 to 9,000 psi), 
near-freezing temperatures and disturbances from stirred-up sediments 
having a particle size of about 1 pm (1/25,000 inch).

Work at the sea/air interface presents additional hazards 
to equipment. Electronic gear, even when encased in pressure-tight 
capsules, is especially susceptible to failures which are not 
encountered under normal conditions ashore.

Proposed Solutions

Some developers follow the "MIS" (make it simple) rule. They try 
to test as many parts as possible in test tanks, mud pits and labora
tories before going to sea. They develop their marine systems in 
several successive phases, starting with small size prototype parts 
before going to full-scale components. The CIM Consortium developers 
try to use mass-produced buckets which can easily be exchanged 
when damaged, then repaired or discarded if beyond repair. Planning 
to keep the appropriate number of spare units onboard the vessels 
is important. A careful analysis of components to be selected as 
spares should be made. Losing even one month of mining operation 
in a year from lack of critical spare parts can ruin the economic 
basis of the venture. Special efforts should be made for an analysis 
of underwater motors, electrical or
reliability over long periods of 
has not been tested adequately.

hydraulic units because their 
unattended operation in sea water
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I. Safety

Problem Statement

ssent ia 1 to ocean mining operations, is a new and
liar, area of conce rn for most mining enginee rs
This fact , among ot hers , has caused many min ing
de lay invest igating the potential for ocean mini ng-

and executives.

However, the people familiar with maritime operations know that 
present-day ships have excellent safety records. A substantial 
network of rules and regulations has been developed on both national 
and international levels by technical 
as the American Bureau of Shipping,
Veritas, etc.

institutions and such agencies 
British Lloyd's, Det norske

Proposed Solutions

Developers of ocean mining will need to make thorough safety studies 
to avoid being caught in a net of regulations. Fortunately, the 
weather is generally favorable in the Eastern Pacific Ocean where 
trade winds create peaceful weather conditions. Still, when designing 
subsea equipment and surface vessels for marine systems, engineers 
should consider the rare conditions of a 100-year storm, which 
might occur during the lifetime of the ocean mining project. Further
more, a careful maintenance schedule of short-term and long-term 
activities, including dry-docking, must be worked out in advance 
to provide safety for men and equipment to ensure continuity of 
operations.

Environmental Aspects

Problem Statement

Increasing awareness of the earth's environment and ecological 
systems has come about in the past decade, bringing a new series 
of regulations designed to prevent interference with the sometimes 
delicate balance of nature and preserving the existing forms of
life on land and in the oceans. The open ocean where mining will 
be conducted, the coastal area where unloading of the nodules and 
loading of ship provisions will take place, and the land zone on 
which the processing plant will be located will all be affected 
by environmental considerations. Such restrictions will influence
the design of both the marine system and the onshore processing
plant, as well as selection of a location for the shore facility
and will require developers to be cognizant of the guidelines 
established by environmental rules and régulât ion.

Worldwide concern for the environment is evidenced by the 
United Nations documents resulting from the latest Conference on 
Law of the Sea.
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Proposed Solutions

It is beyond the scope of this presentation to discuss the steadily 
increasing impact of the environmental aspects. The private companies 
of the ocean mining consortia are very much aware of these environ
mental problems, having recognized them at an early date. They 
have made strong efforts to include environmental observations 
and investigations during test and explorations in the oceans, 
whenever possible.

3 .

STATE-OF-THE-ART OF MINING TECHNOLOGY

The state-of-the-art of deep-sea mining and transport technology 
can best be covered by describing briefly what the different consortia 
have done and what their plans for the future are.

A brief description of the activities of the following consortia 
will be provided:

Ocean Mining Associates 
Ocean Management Inc.
Ocean Minerals Company
The CLB Group
The French CNEXO Group
The Consortium Sponsored by Kennecott Copper Corporation

4.

PROBABILTY OF SUCCESS

Predicting the probability of success in ocean mining ventures 
is an extremely difficult task. Probability studies customarily 
use quantitative data with numerical values based on actual experience 
and/or extensive testing. Unfortunately, reliable quantitative 
data for ocean mining methods and equipment have not been developed 
yet.

It can be stated that some consortia have demonstrated already 
the technical feasibility of their systems with small-scale prototype 
components and predictions of technological success may be made 
with some assurance. The probability of financial success may have 
been studied by the consortia since they started the development 
efforts. Their data will constantly be upgraded and compared with 
alternate systems in order to find the optimum system for technological 
and financial success.
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SUMMARY
There are two basic approaches to mining and transport of polymetallic 
nodules. The first is to use special vessels with special functions 
and the second, to use one vessel with changing functions. The factors 
to be considered when devising ocean mining technology follow.

Nodule distribution is unique. There is a single layer spread over the 
ocean floor. Both size and distribution of nodules are variable, 
giving rise to several solutions that have been proposed to solve the 
problems of mining. Bathymetric phenomena pose another problem in 
regard to nodule mining, in particular when towing nodule collectors 
over the sea floor. Present data indicates that economically recover
able manganese nodules are found in very deep water, making recovery 
costly. Weather conditions must be considered when designing systems 
and equipment for recovery of nodules as is the width of the mining 
path. Since distribution is in a single layer, a compromise between 
forward motion of the mining system and the width of the nodule 
collector must be found. The mining rate is closely related to the 
mining path width, i.e. rate in millions of tons of nodules per year. 
Assuming the support base and processing plant are at the same 
location, distance from the mining area has to considered carefully 
from economical, political, environmental, regulatory and logistical 
standpoints. The reliability aspects of the system are dependent on 
individual components; the more complex the system, the greater the 
potential problems which directly affect the profitability of the 
operation. Marine safety is a new and generally unfamiliar area of 
concern for mining engineers and executives and lastly, environmental 
aspects have brought a new series of regulations for protection of the 
environment.

QUESTIONS
1. What technological and mining problems are caused by the unique 

distribution of nodules?
2. Bathymetric changes have to be tolerated when towing nodule 

collectors. Discuss.
3. How would weather conditions effect nodule mining technology?

4. Consortia have not published all information on mining tech
niques. How could the transfer of technology be attained for the 
benefit of all States?
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Figure 1.



Figure 2. Dr. Mero's Ocean Mining Patent



Figure 3. Chart of Deep-Tow Area
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INTRODUCTION

1.

deep-sea manganese 
have already been

The 1970s have been the development decade for 
nodule extractive metallurgy. Several processes 
proposed, tested, and even demonstrated in pilot plants. Each of 
four major consortia is estimated to have spent in excess of fifty 
million dollars. The United Nations and several States are driving 
toward legislation to cover manganese nodule mining.

The manganese nodule literature up to and through 1973 ha^ 
been reviewed. This chapter will extend that review through 1978-t—  
Extensive development has occurred for solutions generated by noduie 
extraction. Such work is generally not specific to manganese nodules. 
Much of it is included in the bibliography when it was known to 
evolve from a manganese nodule programme. However, far more development 
has taken place independent of manganese nodules, and no attempt 
is made here to include that work. Economic evaluations are included 
in the bibliography but are not explicitly reviewed. However, the 
selection of papers tc be accented is affected by the author's opinion 
of the relative economic impact of the work.

Viewed as a 
ferro-manganese 
of high valued 
are disseminated

metal ore, deep-sea manganese nodules are an oxidized 
matrix containing about 3 percent combined content 
metals. These metals (cobalt, copper, and nickel) 
throughout and are a part of the matrix minerals.

Most of the cobalt, copper, and nickel being mined at the present 
are in the form of suifide ores. Metal sulfides are often amenable 
to relatively low cost physical concentration. This is important 
because processing costs are largely proportional to the volume 
of the mineral processed. Therefore, a sulfide ore of less than 
1 percent metal content is converted to a metal concentrate which 
is then economical to process.

The valued metals are not present in manganese nodule as discrete 
minerals and, therefore, cannot be concentrated. In this respect, 
they are similar to nickel laterites. In fact, several proposed 
processes are modified laterite processes. However, nodules are 
quite different from laterite in that the matrix is mainly manganese 
dioxide rather than silicate or iron oxide.

1/ Many U.S. and some foreign patents are 
The reader is referred to the yearly 
These volumes include abstracts, indexi 
patents of other countries.

listed 
patent 
ng, and

in the 
review 
a list

bibliography, 
of 0. North, 
of equivalent



105

The nonmetallurgist, may find it 
extraction process in analogy to 
human body. Nodules are fed to a 
the mouth before going to chemical 
to release the desired components, 
from the liquid and constitute

helpful to consider the metal 
the consumption of food in the 
grinding operation in analogy to 

digestion, as in the stomach, 
Then the solids are separated 

waste disposal problem. The valued
components are separated from the liquid, and the liquid is discarded 
or internally recycled. Processes are characterized by the nature 
of the leaching step which in turn limiLs the available metal 
recovery steps. Corrosion, materials of construction, and major
reagent chemical requirements are strongly dependent upon the leaching 
step selected.

Most manganese nodule processes are based upon destruction
of the manganese oxide crystal latLice (matrix) to liberate the 
contained valued metals. Usually the matrix is broken down by chemical 
reduction of the manganese dioxide. The hydrometallurgica1 processes 
can be further classified as those which solubilize the manganese, 
such as the hydrochloric acid leach or the sulfurous acid leach, 
and those which specifically dissolve only the high valued metals,
such as the ammonia leach process. In addition, it should be recalled 
that nodules also contain 5-15 percenL iron, 10-30 percent aluminum 
silicates, 30-50 percent water, and traces of nearly all the elements 
in the periodic chart. The diversity of trace elements is due to
the oceanic origin and unusual concentrating property of the ferro
manganese matrix. This abundance of trace elements is nearly certain 
to lead to metallurgical problems unique to ocean nodules. It is 
often argued that the high water content of nodules makes pryrometal- 
urgy impractical because of the high costs of energy needed to heat 
and evaporate this water. The International Nickel Company (1NC0) 
disputes this, and their argument is supported by independent studies. 
To date, most processes have not considered the recovery of iron 
or the multitude of trace elements present in the nodules.

The requisite process technology can be first defined 
of the overall chemical equations and of a process flow sheet 
amplification is provided with weight, chemical and energy 
for all streams in the flow sheet. Additional lists must be 
for equipment, labor, and supplies. All of this informat
be integrated into an economic evaluation. The process 
must then be demonstrated to show that:

| the process can be operated in an integrated, continuous, long
term, safe, controllable manner;

I the technology selected is worthy of investment and is perceived 
by the community at large as ecologically attractive and as 
having a favorable social impact.

by means 
. Further 
balances 
provided 
ion must 
selected
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The unique and ubiquitous nature 
much process development and optimization.

of nodules shouId lead to

There is a great mineral homogeneity 
Ocean mining site. Therefore, there will

for nodules in a 
be much time for

Paci1ic 
process

evolution and optimization based upon decades of a constant feed 
source. Significant improvements over the present proposed processes
are likely. One direction fi
for the following reasons:

I Reduction of t ranspo
gangue minerals and wa

1 s implificat ion of wa:
disposal;

1 utilization of readi
dilution and in genera

PROCESS REVIEW

The vast majority of nodule extractive metallurgy publications have 
evolved from the work of companies grouped together in four major 
consortia. The main process option for each group is reviewed. In 
each case, considerable progress beyond that publicly disclosed 
is known to have occurred. It is interesting that each consortium 
has selected a different process and that process selection is partially 
based upon market approach. For instance, Ocean Mining Associates 
will market a high purity manganese and therefore they selected 
a process which had good economics at a relatively small scale of 
operation. The INCO consortium is thought to have selected a pyrometal- 
lurgical process partially because they have existing process equipment 
and experience in that area.

It is probable that the leading processes have relatively similar 
economics. Each consortium has improved its base process to the 
point where it appears superior to that of the less studied competitors. 
Economic comparison is necessary but quite difficult, and the inexperi
enced reader is cautioned on some of the pitfalls. Metal prices have 
fluctuated dramatically in the last few years. Any decision must 
recognize that capital investment is made nearly five years in advance

market. Inflation, price elasticity, response 
short-term fluctuations must all be considered, 
in early 1978 had risen to over $25/lb due

of
to
For

entering the metal 
nodule mining, and 
example, cobalt
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co problems in Africa. Competitive response should bring that price 
down. Increased supply from nodules could depress the price to near 
that of nickel. Expected inflation will continue to push the price 
up. All things considered, some current studies have used $4.50/lb
cobalt. These uncertainties have prompted many economic evaluations 
to be made as comparisons to nickel laterites. The logic behind
this was based on the assumption that additional nickel and cobalt 
must be produced from either laterites or nodules despite the above 
fluctuations.

Ocean Mining Company

INCO has championed the pyrometa11urgica l route of processing nodules: 
Bell, 1977; Shaw, 1976; Sridhar 1974a, 1974b, 1976, 1977; Subramian, 
1977, 1978a, 1978b. The process consists of a combined drying reduction
using fuel oil and some coal. The hot product is smelted in an electric 
furnace to slag off most of the manganese. The alloy product is 
oxidized, sulfided, and then oxidized in a converter to produce
a matte containing 25 percent copper, 40 percent nickel, 5 percent 
cobalt, 5 percent iron, and 25 percent sulfur. This matte is ground 
and dissolved in sulfuric acid in an autoclave, and the resulting
pregnant liquor can be processed by conventional means. The primary 
advantage of the process is its use of well-known processing steps 
and easy adaptability to manganese recovery or disposal. The primary 
disadvantage is the high energy usage of drying and smelting. INCO 
stated the energy requirement to be equal to a Nicaro-type ammonia 
leaching laterite process.

Kennecott

Kennecott investigators have published many papers as well as patents: 
Agarwal, 1974, 1975, 1976a, 1976b, 1978; Barner, 1974, 1975, 1976, 
1977; Beck, 1971; Hubred, 1975, 1977; Lueders, 1976, 1978; Moncrieff,
1974, 1976; Moreau, 1976; Pemsler, 1974, 1976; Redman, 1975; Skarbo,
1973a, 1973b, 1974a, 1974b, I974c , 1975a, 1975c, 1976a, 1976b; Szabo,
1971, 1974a, 197a4b, 1977; Wilder, 1973a, 1973b, 1976a, 1976b, 1977. 
Kennecott's process is a reductive ammonia leach. An ammonia leach 
is well suited to manganese nodules because the valued metals (copper, 
nickel, and cobalt) all form soluble amino complexes with ammonia; 
but the iron, manganese, silica, and carbonate components are nearly 
insoluble for the overall reaction. Manganese is converted with 
carbon monoxide and precipitated as manganese carbonate.

MnC) * CC) — MnCO2 r 3
Iron is apparently not attacked; but copper, nickel, and cobalt 
released during the matrix attack are solubilized by ammonia. The 
process is called the Cuprion process because cuprous ion is a "cata
lyst" necessary for the reduction of the manganese.
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Mn„ + 2Cu (N R ^ *  + 2Nllj -  ( N H . ) 2 C03 — > MnC03 ♦ 2 C u ( N R ^ * 2 * 2

2Ca(NH ) +2 ► CO * 2 OH — >  2 CU(NR, )I + 2 NR + (NH )„CO J "4  ̂ - > 4 2 3

OH

Nickel and copper are recovered by fluid ion exchange (FIX). 
The metals are co-extracted and then selectively stripped. The cobalt
recovery method has not been disclosed, but it would be a simple
matter to precipitate with hydrogen sulfide. The concentrate could 
be treated by any of several existing processes. Alternatively,
Kennecott has patented a liquid ion exchange process specifically 
for cobalt. No other metal recoveries have been claimed. Zinc would
be easily recovered from ammonia solutions if economically justified. 
Molybdenum recovery would be expected to be difficult from dilute 
ammonia solutions.

The advantages of the process are that it is a relatively non- 
corrosive (pH 10.6 —  ammonia), mi Id-temperature (50° C), atmospheric
pressure leach. Copper and nickel recoveries arc over 90 percent. 
Cobalt recovery is not stated but could be expected to be near 
30 percent for a d^ute ammonia leach. Manganese can be recovered 
by an add-on process.—

Ocean Minerals Company

Lockhead's consortium has not selected its process, but a sulfuric 
autoclave leach is apparently the leading candidate. Some development 
work has been done at the Colorado School of Mines Research Institute, 
and plans to pilot a portion of a process in Hawaii have been announced.

Ocean Mining Associates

This consortium has changed several times. It is now named Ocean
Mining Associates (OMA) but is commonly called Deep Sea Ventures,
which was the name of the control management group for many years. 
Ocean Mining Associates has held far more patents than any other
group: Cardwell, 1973g, 1973b, 1974a, 1974b, 1975, 1976a, 1976b,
1976c, 1977a, 1977b, 1978, 1979a, 1979b; Kane, 1970, 1972, 1973a, 
1973b, I974a-g, 1975a, 1975b, 1976a-c, 1977; McCutcheon, 1974, 1975;
Sandberg, 1974, 1976; Schobert, 1976a, 1976b; Van Peleghem, 1975,
1976.

2_l To be published in Marine Mining, j.(j. Agarwal et a 1. "Compa rat i ve 
Economics of Recovery of Metals from Ocean Modules," Vol.2 (1/2), 
pp. 119-130,1979.
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They have examined many Leaching systems, but most of their 
work has been concerned with acid-chloride Leaching. It is characterized 
by total dissolution of the matrix and, therefore, by high metaL 
recovery. Manganese is reduced with hydrogen chloride:

Mn02 > 4HC1 — * MnCl2 + Cl2 * 21^0

All metals are solubilized as chloride complexes. Chlorine 
gas is generated as a by-product. Numerous metal recovery schemes 
have been patented by this group. In most of them iron is removed
by anion exchange solvent extraction and copper by cation exchange. 
After raising the pH to near 5, nickel and cobalt can be co-extracted 
or selectively extracted. Cobalt can be separated from nickel by 
its strong tendency to form anion complexes. Many trace elements 
such as vanadium, zinc, and molybdenum can be recovered by additional 
process steps. A chronic problem with the process has been the need 
to treat all the manganese in solution and possibly to recover it
as a salable product. The chloride system is relatively corrosive 
and manganese a relatively low valued metal so that the task is
difficult. A hydrolysis and precipitation of manganese has been 
proposed to solve this problem.

High metal recoveries make this an attractive process. The
primary disadvantage is that the higher valued metal recoveries 
are coupled to production of a rather pure manganese. The process 
would have to be small enough to allow sale of this manganese.

Sulfur Acid Leaching

None of the major consortia are known to have definitely selected
sulfur acid leaching as their major route, though all have considered 
it. Such a process is commercialized on nickel laterite in Moa Bay,
Cuba. AMAX has thoroughly studied the process and plans to apply
it to nickel laterites. Numerous studies of the sulfuric acid leach 
of manganese nodules have been made: Han, 1975, 1976; Hanig, 1974;
Ito, 1977; Meixner, 1974; Neuschuetz, 1977; Tawagawa, 1976a, 1976b. 
A sulfuric acid autoclave Leach releases the valuable metals while
dissolving only a small amount of the matrix. No mineral analysis
of the resulting tailings has been produced, but it seems likely
that the manganese matrix is recrysta11ized though not reduced. 
Metals can be recovered by conventional means from the acid pregnant 
liquors.

The main advantage of the process is the use of both low-cost
sulfuric acid and demonstrated technology. The cost of corrosion-
resistant autoclaves in the main disadvantage.
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Sulfur Dioxide Leach

One of Che most promising, systems is the use of sulfur dioxide: 
Han and Fuerstenau, 1980— ; Okuwaki, 1974; Skarbo, 1973a, 1973b;
Tamagawa, 1976; Van Hecke, 1973; Zeitlin, 1976.

Mn0? + S09 — »  MnS04

The sulfur dioxide quickly attacks the matrix and releases 
the metals. Manganese can be removed by hydrolysis. The resulting 
sulfuric acid solution could be processed by conventional means.

Advantages of the process are the use of a low cost reagent 
sulfur dioxide and rapid kinetics. Disadvantages are the need to 
remove manganese and iron from solution and the complexity of the 
solution when passing from the reduced leaching solution to the oxidized 
sulfate solution.

Miscellaneous Processing Studies

A group of Japanese investigators have studied nodule leaching with 
ammonium carbonate, ammonium chloride, ammonium sulfide, and several 
acids to 1975, 1977; Okabe, 1974; Okajima, 1975; Okuwaki, 1974,
1977a, 1977b. One of the most interesting results is the effective
leaching of copper, nickel, and cobalt, when carbohydrates are used 
as aqueous phase-recuding agents. Over 90 percent of the copper, 
nickel, and cobalt were leached with ammonium chloride. Cobalt recovery 
dropped to 70 percent with the use of ammonium carbonate.

Ethyl Corporation has patented an ammonia carbonyl process: 
Coffield, 1973a, 1973b, 1974a, 1974b, 1976; Dubeck, 1976, 1978.
No publication beyond the patents is known. Extractions are very 
high, but the process seems to be practically hindered by the presence 
of toxic nickel carboxyi in the pressurized autoclave system.

Hoover (unpublished work at Lhe University of California, Berkeley) 
and Deep Sea Ventures have considered the use of pickling liquor 
by-products from the steel industry. Pickling liquor contains ferrous 
ion as a very reactive reducing source in either a chloride or sulfate 
medium. Such a process would require coupling with a steel plant, 
which imposes severe limitations on location and size of the plant.
3/ To be published in Marine Mining, K.N. Han and D.W. Fuerstenau, 

"Extraction Behavior of Metal Elements from Deep Sea Manganese 
Nodules in Reducing Media," 1980.
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Copper 
to be in 
1973, have

, nickel, zinc, 
ion exchangeable

and some cobalt in nodules is thought 
positions. Giovanoli, 1971, and Hubred, 

demonstrated direct ion exchange extraction using aqueous 
as lixiviants. These metals are bound in nodulescation solutions as lixiviants. These metals are bound 

in a much less refractory form than in analogous oxide ores. This 
is because of the constancy of the ocean environment, which is still 
very much like it was at the time these metals were removed from 
solution. For this reason, the extraction of these metals is likely 
to be easier than from Laterite ores. Specifically, the carefully 
controlled reduction required for the Nicaro-type process may not 
be needed. Han et a 1. , 1974, have demonstrated good metal recovery 
in ammonia leaching without prior reduction.

reviews. Nodule 
the lead company

Future Study

The author believes the future of manganese nodule mining is assured 
so that further study would be worthwhile. Little fundamental study 
of nodules has been completed since the previous 
supplies have always been a problem, but usually 
of the major consortia can provide a few pounds of nodules to industri
ous scientists. Just a few worthy research areas are suggested below. 
The thermodynamic state of metals in nodules as compared to alternative 
ores needs clarification. There is reason to believe that valued 
metals are bound less tightly than in other oxidized ores. A contrast 
between the extractabi1ity of freshly mined nodules and stored, 
dehydrated nodules might be revealing. Cobalt may be present in 
nodules in two different states. These states could be divalent 
and trivalent, and could occur in both the iron and manganese phases, 
or could occupy both surface and lattice positions. Leaching mechanisms 
and kinetics need study in every major extraction process. The treatment 
of the myriad of trace elements needs delineation for every major 
extraction process. Ore beneficiation might still be possible given 
some of the progress made with nickel laterite beneficiation.

Catalysis
2Nodules contain over 200 m /g of surface area and transition metals 

similar to many catalysts. Promising results have been found in 
many studies: Bousquet, 1976; Chang, 1973, 1974, 1976; Miale, 1970,
1974; Oleck, 1977; Samoilova, 1977; Tashiro, 1977; Weicz, 1973a, 
1973b, 1974, 1975; Zeitlin, 1976.
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SUMMARY
This paper presents a review of literature on manganese nodules up to 
1978. Since the metal content of the nodules is not concentrated, the 
solutions of metal extraction vary. Most processes are based on the 
destruction of the matrix to liberate minerals, usually by chemical 
reduction. The abundance of trace elements leads to metallurgical 
problems unique to nodules. The majority of publications has evolved 
from four major consortia, although more progress is known to have 
evolved beyond that publicly disclosed. Each approach is different but 
nonetheless based on market approach.

Ocean Mining Company has favoured a pyrometallurgical approach to the 
processing of nodules, the advantage being the use of well-known 
processing techniques and easy adaptability to manganese recovery. The 
disadvantage is the high evergy usage.
Kennecott1s process is a reductive ammonia leach. The advantage of 
this process is that it is a relatively noncorrosive, mild temper
ature, atmospheric pressure leach.
Ocean Minerals Company has not selected its process but seems to 
favour a sulfuric autoclave leach.
Ocean Mining Associates (Deep Sea Ventures) have patented numerous 
metal recovery schemes, however, most of their work has been concerned 
with acid chloride leaching. The advantage with this system lies in 
the high metal recovery.
Although Sulfur Acid Leaching is not known to have been selected by 
any major consortia, the advantage of this process is in low-cost 
sulfuric acid and demonstrated technology. However, the cost of 
corrosion-resistant autoclaves is the main disadvantage. Sulfur 
Dioxide Leach is one of the most promising systems. The advantage here 
is the use of low-cost reagent sulfur dioxide and rapid kinetics. The 
disadvantage is the need to remove manganese and iron from solution 
and the complexity of solution. Other processing studies have been 
conducted by Japanese investigators, Ethyl Corporation, Hoover, Deep 
Sea Ventures and others.
The future of manganese nodule mining is assured and further study is 
worthwhile.
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QUESTIONS
1. What are the differences between the mining of sulfide ores and 

manganese nodules?
2. Explain why the abundance of trace elements in nodules will lead 

to metallurgical problems.

3. Discuss briefly the processes favoured 
consortia.

by the four leading
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SPECIAL ASPECTS OFFSITE SELECTION FOR MANGANESE NODULES 

PROCESSING PLANTS

1, Introduct ion

with the "Special Aspects of Site Selection for 
Processing Plants" and ventures some introductory 
the writer's opinion, should precede any discussion 
particularly on mining of manganese nodules. The 

following are some specific questions and circumstances to be kept 
in mind:

The paper deals 
Manganese Nodule 
remarks which, in 
on ocean mining,

and

does ocean mining constitute a necessary addition to terrestrial 
mining considering a long term and global supply of raw materials?

when will ocean mining be economically and technically feasible?

Ocean Mining - An Assessment

A solution to be arrived at by virtue of the efforts of the community 
of all nations and constituting a compromise with the largest possible 
measure of agreement between ail nations concerned, is the highly 
necessary precondition for ocean mining to assume its proper place 
as a world supplier of minerals. Should such a compromise be delayed 
much longer, ocean mining will reach a point of stagnation: research 
and development activities will come to a standstill, personnel 
will drift away and the years of effort expended so far will be 
lost.

Among the specialists in the field there is little agreement
concerning the limits of land-based mineral resources. There is 
even less consensus concerning the rate of economic growth of all 
nations and in particular that of the developing countries striving
towards industrialisation. Substitution and recycling of materials, 
new technical processes, opening-up of new deposits and the further 
exploitation of known deposits considered today to be uneconomical,
would push back those limits. However, in the long run. ocean mining
appears to be inevitable.

At present, it is difficult to estimate exactly when ocean 
mining will be required to supply additional raw materials for the 
world market particularly since the supply situation differs for 
the different metals - copper, nickel, manganese and cobalt. Indications 
are that ocean mining will be implemented by the turn of this century.
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The Status of Ocean Mining

Considering the status of ocean mining it must be admitted that 
the technology has yet to be developed and does not lend itself 
easily to the application of analogies to experiences and approaches 
from other fields. This applies particularly to exploration and 
processing. Further techniques for collecting and lifting the raw 
materials constitute a major task for further development, characterized 
by innovative elements of a fundamental as well as an applied, nature. 
Progress depends on cooperation and the readiness to take risks: 
research and development in ocean mining should be considered as 
a task to which all nations should pledge their individual support.

The situation in which nations and groups of companies find 
themselves whilst pursuing the advancement of ocean mining, can 
be outlined in a few sentences: it is determined by research in 
three main directions:

Is ocean mining for manganese nodules technically feasible?

Which technologies, particularly for mining, are applicable?

Can ocean mining be practiced keeping economic viewpoints in
mind and is it economically feasible when compared with terres
trial methods and conditions?

When successfully terminated, this phase of researach will 
be followed by a phase of industrial practice accompanied by the 
evolution of technologies in the form of "generations of technologies" 
following each other.

According to all experiences so far, the beginning of the economic 
phase of ocean mining - from the first positive net cashflow - can 
be assumed to coincide roughly with the completion of the first 
technical generation.

It should be noted that there are a series of far more optimistic 
guesses with respect to the timing of this economic phase of operations 
as can be deduced from statements and publications but many of those 
convey the impression that only the famous "push button" need be 
pressed to start ocean mining on an economical scale.

It should be the task of all those involved in deep ocean resource
estimating to be as realistic as possible when dealing with decisive 
problems and to keep away from political opportunism: in this way
reality can best be approached and practical measures Conceived.

New Dimensions in Site Selection

When assessing the different aspects of ocean mining in detail, 
it is obvious that hardly any practical experience exists in the
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area of applied technologies in the field of nodule recovery from 
the ocean bottom and their subsequent transportation to the water 
surface. This alone poses significant problems.

It becomes even more evident, however, that in areas which 
apparently are well known and manageable, new opportunities present 
new problems. The determination of the site for a processing plant 
for ores constitutes a task which has presented itself repeatedly 
in the past and has been tackled using seemingly well known and 
proven methods. For the processing of manganese nodules new determining 
factors have, however, had to be taken into account for which new 
measures and priorities have to be chosen.

These priorities are determined mainly by the shifting global 
economic situation in which the availability and the use of energy 
becomes very important; also, limits to the intensity of industriali
sation and to general development or growth make themselves felt. 
In many economies and societies and, therefore, in the consciousness 
of people generally, an awareness of energy usage and the environmental 
quality is apparent which is translated into laws that may constrain 
industrial growth.

Thus, the task of selecting a site for a plant to process manganese 
nodules is projected into a much wider frame of reference which 
encompasses not only the traditional methods, taking into account 
technological and economic criteria, but also the critical world
wide shortage of energy and the perceived limits to the loading 
of the environment.

The site selecting procedure of today thus differs from the 
older conventional method, by taking into account additionally socio
economic as well as demographic criteria, notably in connection 
with the growth process. The effect this new insight may have on 
the industrialised countries and on developing economies will be 
dealt with later.

The Role of Site Selection as Part of a Feasibility Study

Compared with the site selection for industrial projects 
dimensions but otherwise conventional characteristics, 
processing manganese nodules have to be viewed differently:

with large 
those for

The main point is not 
the many possible sit 
question whether the 
what difficulties could

simply 
es for 
plant i 
arise.

the choice of a site 
the plant, but rather 
s technically feasible

from among 
the basic 
and if so

A site selection study 
study concentrates less 
than on the assessment of

undertaken as part of a feasibility 
on the details of the costs involved 
their variances and probable trends.
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A further and essential point of difference concerns alternatives 
between assessing the static conditions (i.c. values at a given 
time) and the dynamic representation (i.e. extrapolation of 
such values into the future when the investment actually takes 
place). The latter loses its applicability with respect to 
some essential factors in cases where scientifically or practically 
deducible parameters can not be identified with sufficient 
accuracy.

Of great importance, however, 
and developments in areas such 
environmental protection. Often 
be established or anticipated and c

arc considerations of trends 
as the supply of energy and 
reasonable expectations can 

onsequences derived accordingly.

Thus the task of site selection can be characterised as a problem 
of optimisation between requirements at the site and prevailing 
conditions. Both categories are determined by technology, economics, 
markets and legislation. In other words, this means that when comparing 
numerous harbours situated in differing regions, comparative advantages 
or optimum potentials are to be found where the greatest possible 
degree of coincidence exists between demands on the site and its 
actual or potential situation.

2. Fundamental Considerations for Selecting the Site of a Processing 
P lant

The Present Situation: Experiences and Conclusions

Practical experiences concerning the locat ion of large projects as 
they exist in enterprises and companies operating globally have 
not appeared in scientific publications in the form of an analytical 
evaluation. Instruments with proven applicability and based on a 
scientific approach, and covering the spectrum of decisions as well 
as the methodology for selecting a site are not widely known. Judging 
from this state of affairs, the need to evolve a practical method 
for selecting a site for a processing facility for manganese nodules 
becomes obvious. This should take into account the unique character
istics of the project and incorporate these within the scope of 
a traditional feasibility study.

The traditional theory for selecting a site - as far as it 
is relevant to the problem being considered here - considers two 
basic concepts: orientation with respect to the market for purchases 
or inputs and the ability of the market to absorb its products or 
outputs.

By transferring these basic considerat ions to the case of a 
processing plant for manganese nodules the following may be concluded: 
the orientation in accordance with the necessary inputs and with
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respect to a realistic assesment of 
the state of the art of technology, 
solution, namely, a floating platform 
above the mine site. Such a concept m 
or in its entirety as the second or 
ocean mining becomes available.

the investment required and 
leads to an almost impossible 
to be located on the surface 
ight become feasible partially 
third generation equipment for

If, on the other hand, the orientation towards the consumer 
or the market for the output is given preference, the reality poses 
a great deal of difficulty.

Limited consumer markets are difficult to asses due to the 
uncertain or unknown distribution of the possible consumers 
of the end product: this information is hardly subject to negotia
tion. A location between possible mine sites and industrial 
concentrations which would constitute markets for the products, 
would involve additional transportation and thus create a financial 
commitment of some considerable magnitude which would last 
for the life of the plant.

It is of interest to note that many metallurgical plants erected 
in different parts of the world during the past decade have been 
located in the immediate vicinity of a coast line. Assuming that, 
this location was based on detailed economic analysis, it supports 
the view that a processing plant is ideally located at a site other 
than at the mine site or close to inland industrial accumulations,
namely an intermediary location between the sea and the land, i.e. 
near the coast line.

A Procedure for Limiting Choices

It is necessary to consider comparatively large areas of reference 
when determining procedures for limiting choices.

These areas are those in which voyages in connection with the
prospecting and exploration for manganese nodules were undertaken, 
i.e. in the Pacific Ocean. A particularly close scrutiny was carried
out southeast of Hawaii. Judging from the results of a world-wide 
search for acceptable sites and in accordance with the demand for 
reducing costs and for avoiding or reducing negative factors, the 
location was finally confined to the areas of the Pacific coast. 
This coastal area, however, does not represent a unit with respect 
to economic, geographical or social factors.

The question of where to start the search for a suitable site
necessitates, therefore, a second step to achieve a further limitation. 
The circum-Pacific coast can be subdivided into several large regions, 
each of which can be regarded as a possible area for suitable sites. 
The following significant factors should be taken into account:
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the geographic and ethnic uniformity 

the socio-economic level of development 

the techno-economic infrastructure 

the conditions for investment.

With these criteria applied and by introducing acceptable simpli
fications, the areas represented in Figure l can be deduced. From 
among these large areas which could be considered as potential mining 
sites, further detailed studies applying other criteria are necessary 
to clearly indicate preferred sites.

Starting with the criterion that is quite obvious, i.e. the 
distance, the American coastal regions No. 5 and No. 6 appear most 
favourable. The criterion applied here, representing the distance 
from mine site to processing plant, is certainly of great significance 
since it has an impact on the financial load of the project in terms 
of operating as well as investment costs over its total life.

A greater distance with resultant longer turn—around—time for 
a given size of the vessel from 30,000 to 70,000 gross registered 
tons influence the following expenses:

investment costs
operational costs
costs for intermediate storage
costs for pilots, towage, demurrage and harbour fees

In addition to these expenses, others occur which are more 
dif f icult to quant i fy. These include the greater risks assoc iat ed 
with transport, variability of supply, etc.

Limiting Regions for Sites

Within the chosen large area further investigation has to be under
taken, applying criteria for the selection, including:

a harbour or a pier must be available or it should be possible 
to erect one at reasonable costs

the approach to the harbour must be capable of accommodating 
vessels with drafts of 40 to 45 feet

the technological as well 
be available or at least 
of being enlarged at a later

as economic infrastructure 
in the planning stages and 
st age

has to 
capable
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large industrial projects shouLd be acceptable and should not 
be excluded on the grounds of the specific character of the 
landscape.

If these requirements are put forward the site selection can 
be reduced to a few areas even when extended areas such as the American 
west coast are considered.

Regional Reference Area

Proceeding to the demands which have to be met by the greater surround
ing area of a processing plant near the coastline, it has already 
been pointed out that it should be located in the vicinity of a harbour. 
Here the question arises how to define "coastal area" as well as 
"reference area of a harbour". It is important to consider adminis
trative structures such as the administration boundaries of the 
harbour and the location of county and country borders.

When weighing these factors the concept of the project in quest ion 
assumes importance inasmuch as a distinction should be made between 
centralisation and decentralisation. The former refers to the areas 
devoted to the unloading of materials, the actual processing operation 
and the discharge of waste materials, all of which constitute a 
geographic unit; the latter to a situation where these elements 
are separated from each other, possibly by considerable distances. 
3oth these basic concepts allow for a variety of changes in outlay 
including the element of distance to be covered. Here, for reasons 
of practicability, selection of a site should be limited to distances 
of up to 15 miles from the coastline with the possible exception 
of harbours located on rivers.

3. Requirements on the Site Due to the Nature of 

Remarks Concerning the Metallurgical Process

the Project

First, it is necessary to consider the process 
To date little is known concerning the activities 
with the mining of manganese nodules or whether 
on an industrial scale are in an advanced stage of

used by the project, 
of companies involved 
plans for production 
implement at ion.

Basically 
of manganese 
the evolution 
can be used.

the question thus arises whether the 
nodules requires a completely new concept 
of novel technologies or whether existing

processing 
and thus 
technology

Much can be said in favour of reverting to well known processes 
for terrestrial ores with characteristics similar to manganese nodules. 
Portions of these processes might be singled out and used, perhaps 
in various combinations, to establish a set of processes suitable*



138.

for working nodules.

In the following, some assumptions are outlined on which to 
base requirements for processing. These are:

a nodule processing technology can be built up using a combination 
of unit processes currently in use in plants

the annual capacity of the plant should be 3 to 4 million dry 
metric tons of nodules

a four-metal-plant should be assumed.

Criteria for Carrying out the Process

The most important requirements for the project, can be summed up 
and quantified as follows:

Area:

The area needed, if the conception of a centralised general 
arrangement is accepted, amounts to 1.5 to 2.5 square kilometers 
which includes a waste disposal area of 0.5 to 1.0 sq. km. The specific 
topography defines in detail the preparatory work to be undertaken, 
while the original zoning arrangements determine the possibility 
of erecting a plant there. In addition, ownership of the area has 
to be considered and this could lead to negotiations for purchase. 
Unit cost for the ground together with preparation cost would add 
to the overall project cost.

Infrastructural Approaches:

Infrastructural requirements must take into consideration ap
proaches to the site from both land and sea. With respect to trans
portation, connections and distances to already existing facilities 
have to be examined together with financial implications. The continuous 
supply of operational materials for running the plant falls into 
this category. In addition, fees for piloting and towing of ships 
and costs for the establishment of repair facilities must be taken 
into account.

Personnel:

The requirements for personnel, i.e. the number of persons 
to be employed at the plant directly, can be assumed to be between
1,000 and 1,500 persons, roughly equally distributed among skilled, 
semi-skilled and unskilled categories. When analysing the labour 
market the level of wages must be considered in addition to the 
work hours and the number of work weeks per year. Attention should 
also be paid to the percentage of people organized in trade unions,
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and influence and structure of unions. The rate of unemployment 
carries an additional and quite considerable weight.

Operation Materials:

First the requirements for water are quite stringent: for cooling
water 10 to 40 million cubic meters per year - this means, 30,000 
to 120,000 cubic meters per day - would be needed in addition to 
processing water amounting to 3 to 6 million cubic meters - 10 to
20.000 cubic meters per day. The purity of the water and the temperature 
increase through to discharge are important factors.

Considering other operating materials such as bunker-C-oi1, 
coal, limestone and various chemicals, the following requirements
exist in accordance with conducting the process in the plant: 60
to 300,000 t of bunker-C-oil, 0 to 300,000 t of coal and approximately
100.000 t of limestone per year would be needed. Substitution of
coal for oil is a possibility.

Energy:

The demand for electricity is considerable. The installation
should provide consumption of between 7 and 10 million Kilowatt- 
hours per day. When judging the supply situation for existing power
plants, long term expansion plans must be taken into account which 
include the breakdown of current consumption and an estimate of
future trends. The distribution of the supply from among power plants 
of fossil, hydro or nuclear types should be taken into account. 
When judging the supply situation for energy and its reliability, 
importance must be attached to the power grid, its interconnections 
and the possibility of incorporation in a larger distribution system. 
In fact, the totality of organisation, including the generating section, 
reliability and the distribution network should be checked carefully.

Environmental Protection:

This area comprises essentially four aspects: air pollution,
contamination and heating of water, increasing the temperature of 
the surroundings and ecological effects that arise from waste disposal. 
Specific effects on the environment caused by the process yet to 
be selected cannot as yet be determined. These, as will be shown
later, will not greatly influence the site selection.

The Climate of Invesment:

With respect to the climate of investment the analysis of the 
economic situation in its totality, 'he readiness to accept the
new-comer and the means of assisting him by fiscal measures, i.e. 
provisions for tax allowances, financial assistance, participation, 
etc. are of utmost importance. The reaction of local or state author
ities to the proposal for situating the project in their respective
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area of jurisdiction will be decisive in qualifying a region as 
a potential site for the plant.

Weighing Factors for Determining Sites

The criteria cited so far for selecting a site for a metallurgical 
plant, although apparently of equal weight and importance, on closer 
examination, differ in several respects.

Expenses for ground, wages and the piloting and towing of ships 
can be ascertained in dollars and cents. However, the impact of 
taxation and the extent of financial support available cannot be 
assessed with any great accuracy in advance: this would be possible
only after prolonged and detailed negotiations with local or state 
or even trans-regional authorities.

A methodological approach capable of being applied to a practical 
study is based on a two-fold subdivision of site selection factors 
which might be classified as primary and secondary factors.

The first group can be defined as follows: those factors closely 
linked to the specific project and its essential requirements. If 
these cannot be met at the intended site or established at reasonable 
costs, the project could not be located in the region under con
sideration. To this group of potentially eliminating or primary 
factors - both terms are used synonymously - belong the following:

supply of energy 
environment and its protection 
approach to the harbour 
climate for investment

The second group of factors encompasses project-specific require
ments characterized by a certain flexibility. The project requirements 
could be harmonized with the situation at the site by organizational 
or financial measures of reasonable extent. To this group of factors 
be long:

the manpower situation 
the infrastructure
the supply of operational materials
the extent of grounds and the area for the plant.

From these considerations two fundamental conclusions can be 
drawn:

i. The subdivision of factors of location and the list of priorities 
classification according to the criteria of perferences is 
technically speaking, not to be realized and cannot be sustained 
logically.
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ii. From the point of view of an approach applicable in practice 
and, furthermore, considering the amount of time and expenses 
available, a subdivision in primary (or proiect— eliminating) 
and secondary (or project-adjustable) factors for site selection 
suggest itself.

4. The American West Coast: Results of Studies and their Evaluation

4.1. Preliminary Remarks

In the following the fundamental suitability of the American west 
coast region is considered with respect to the s e l e c t i o n  of a site 
although single harbour areas are not yet included at this stage. 
This treatment is based on field studies and material analysis dating 
back to 1975. This year has been chosen also for any data quoted. 
The respesentation deals first with secondary factors and thereafter, 
with the primary factors for the selection of sites for a manganese 
nodule processing plant.

Secondary Factors

Availability of Suitable Areas

Even if a feasibility study is at first aimed at, it is still necessary 
to specify precisely the required properties of the plant site. 
Studies undertaken to date have arrived at certain results:

If limicing factors concerning a suitable harour are accepted
and a limitation of the extent of the area to 15 miles is assumed, 
many sites could be classified as fundamentally suitable.

Such sites are normally already earmarked for industrial utili
zation or it can be assumed that under the pressure for further
development such utilization can be expected in the future.

A multitude of such areas represent virgin land and preparatory
levelling must be undertaken.

With respect to sites that have good locations - in the immediate 
neighbourhood of a river or at the shore - development would 
necessitate expensive preparatory work, such as the construction 
of heavy foundations.

Practice has shown that the basic problem does nor lie in the 
lack of suitable ground nor its cost ($1,000 to $10,000 per acre) 
but in the dimensions of the project. Even if industrial utilization
is generally agreed to, approval by authorities at several levels 
- county, state, federal governments - is still required. The time 
required in these negotiations can be prohibitive and cannot be
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estimated accurately.

Infrastructural Approaches

A judgement on the accessibility to the site from the open sea is 
based on the actual distance to be covered while transporting the 
nodules, on details of the passage and on the infrastructural provisions 
such as the pier, unloading and storage facilities and the means 
for transporting nodules to the plant. Investigations have shown 
that :

in most harbours these provisions are not available, and 

if available, they are fully utilized already, or

where these harbour facilities are available, an appropriate 
site for the plant is missing.

Thus the centralised model of the plant, with its different 
components brought together into one unit - loading, intermediate 
storage, processing and waste disposal - is difficult to find. 
As a consequence, new facilities specifically meant for the project 
will have to be installed.

Integration of the sites investigated with public road and 
rail systems already available, can be achieved at all of them - 
costs, for the additional connections vary greatly.

From the above it can be stated quite generally that, contrary 
to what had been expected, large harbours situated near centres 
of economic concentration do not offer the best prospects. Instead, 
these are offered by the smaller and medium sized harbours located 
in areas where opportunities exist for economic development, and 
expansion.

Manpower

Investigation of the labour market for each of the sites investigated 
revealed the following:

within a range of 20 to 30 miles around the investigated locality 
the size of the population was, on the average, 30,000 to 50,000 
inhabitants.

Thus, each locality should be able to support a working force 
of 1,000 to 1,500 persons. Considering a multiplier factor of from 
5 to 10 resulting from the establishment of forward and backward 
linkages, total employment opportunities for 5,000 to 15,000 people 
should result from the establishment of the plant.
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A certain easing of the strain on the labour market may be
expected from migratory Labour. This makes it unnecessary to 
limit the search for a suitable location to regions where heavy 
industries exist already.

Wages vary between $5 and $8 per hour. From this and by taking
into account fringe benefits amounting to about 257. of the 
total, expenses for labour will be $15 to $20 million per year. 
Wages in highly industrialised areas exceed those in less indust
rialised regions by about 307.. This can hardly be construed 
as an advantage for the latter since within a comparatively
short time the unions would cause a levelling of these wages 
at the higher rate.

Erecting a plant in a region away from cultural centres where 
climatic conditions add to the complexities of life, would 
create difficulties for labour recruitment. Comparable circum
stances resulted in fluctuations of 507. to 707.. This clearly
would endanger the safety of the operation of the plant and 
cause additional expenses for labour and outside investments.

The relatively high unemployment rate regionally, running at 
67. to 107., does not allow the conclusion that a policy aimed 
at the creation of work might ease the strict demands for environ
mental protection.

On the whole, one can conclude that considering the circumstances 
outlined above, the supply of working personnel is not likely to 
be a problem.

Operation Materials

In those areas investigated the supply of operating materials can, 
at the present time, be regarded as being reliable. The supply of 
bunker—C—oil must be watched however, since it constitutes a significant 
proportion of the operating costs ($20 to $25 million per year).

Taking note of the world-wide recession and particularly the 
situation concerning availability and consumption of crude oil, 
it is evident that in the long run other forms of energy will have 
to be found or alternative processes be applied which are independent 
of primary fossil energy.

The supply of cooling or process water from existing networks 
is, with one exception, impossible in all locations. Thus, the projects 
need to have their own water supply together with the necessary 
treatment plants. Although drawing water from rivers or lakes does 
no t present any technological difficulties, the consequences for 
the environment need to be assessed.



All sites examined pose problems associated with the supply 
of water when they are situated in arid zones, in areas with diminished 
water resources, or generally, at distances from natural sources 
of water.
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Primary Factors for Site Selection 

Climate for Investment

The problem of the climate for investment plays a decisive role 
when regarding the primary factors for the selection of a site.
Within the whole region under study a general policy trend towards 
decentralisation was evident. This tendency suggests that further 
growth and expansion of areas of concentration should be avoided 
and development should aim at small industrialised cores in economically 
weak regions. Instruments to achieve this are at. hand, particularly 
for infrastructure development.

As a result of the investigation, some conclusions may be drawn 
concerning the suitability of various regions and ways for reducing 
project costs:

Comparatively isolated locations provide certain advantages
when compared with sites in areas with a high concentration 
of industrial activities. In the latter case, establishment 
of the new project must conform with established economic and 
political targets for that area.

Fiscal concessions to relieve the financial burdens accompanying 
the new project can be gained only by negotiation which must 
be taken up at an early stage.

The availability of fiscal relief and subsidies is dependent 
on the positive consequences of the project in terms of its ability 
to promote the growth of secondary industries - establishment of 
economic linkages. Thus, a project which comprises only one element
of production such as smelting, the output of which is processed 
elsewhere, may not be considered a sound proposal, economically 
speaking.

Based on the interest expressed by the authorities and their
concern with general economic development, it is concluded that 
the climate for investment in processing facilities for ocean nodules 
is positive.

Environmental Protection

Protection of the environment is provided by a body of laws comprising
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requirements and standards established at different levels, i.e. 
federal government, state government and local authorities.

The basis for establishing the possible effects of a new industrial 
project on the environment is the "Environmental Impact Study" which 
must be undertaken by the project applicant. In the cast* of a nodule 
processing plant, the following areas of investigation are: protection 
of air, water and landscape.

The studies undertaken so far have had the. following results:

The prevailing or base standard for the quality of the air 
is determined by measuring the quantities of poisonous or other
wise dangerous materials present in the air. The minimum standards 
set, however, have been exceeded already in practically all 
areas with high industrial concentration so that additional 
emissions cannot be permitted. The operation of the proposed 
metallurgical plant would further adversely effect air quality 
in these areas and consequently its construction would not 
be permitted.

Spoiling or heat iitg of rivers may effect the ecology of the 
river system itself, as well as the waters surrounding the 
area into which it ultimately discharges. This in turn may 
adversely effect the socio-economic structure of communities 
which rely on fishing for their livelihood. Industrial water 
thus requires pre-treatment to reduce its temperature to the 
level of that of the river before discharge into the system.

The provision of a waste disposal system close to a plant situated 
near or at a river or a coastal area, is practically impossible 
since the ground as well as the ground-water will almost certainly 
be affected. Preferably the disposal system should be located 
in arid and uninhabited areas.

Recreational use of land is becoming increasingly important 
and consequently, factors adversely effecting this use or its 
visual value are to be avoided or at least controlled.

Many groups concerned with these aspects of the environment 
are actively pressuring for their inclusion in "environmental 
impact studies". Now it is almost impossible to promote a project 
which is not environmentally acceptable to local civic bodies 
and other groups even when assisted by high level political 
pressure. For this reason, a number of locations have to be 
eliminated as possible sites, and the site selection has to 
be carried out on areas which are not densely industrialised 
but which have the potential lor economic and operational 
act iv i t y.

The above considerations allow for the following conclusions:



The maintenance of environmental quality constitutes the first 
priority and ranks higher in importance than cost considerations.

The time needed to undertake the necessary environmental studies 
and to obtain the required construction and operating licenses 
can be as much as 4 to 6 years. This fact must be taken into 
account when evaluating and planning the project.

For example:

In January 1977, Dow Chemical Co. suspended its plan to build 
a 5500 million petrochemical complex in Solano County in northern 
California, because of underestimating the time and cost of 
California's licensing procedures. They were required to obtain 
65 permits; 5 from the federal government, 40 from the State 
of California and 20 from the three counties. By the end of 
1976, after two years of effort, costing a total of $4 million, 
the company had succeeded in obtaining only four of the required 
1icenses.
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The Supply of Energy

Results of studies undertaken along the American west coast are 
given in Figure 2. These illustrate the enormous increase in energy 
requirements expected over the next 15 to 20 years (about 1007.). 
Requirements based on average usage, on the whole, show a deficit. 
This situation is expected to worsen due to the fact that private 
consumption, which accounts for the largest portion of total consumption 
is increasing at a proportionately higher rate than the industrial 
sectors.

Since hydro-resources cannot be increased further, the basic 
load will have to be taken over in the "eighties" by coal fired 
or by nuclear power plants, while hydro-power would have to be made 
available at peak load periods. Thermal power plant construction 
requires high investments and long drawn-out licensing procedures. 
Thus, long range planning to meet future requirements becomes very 
risky indeed.

Proceeding to a more detailed description, the following aspects 
are of principal importance:

The additional energy requirements tor a nodule processing 
plant, estimated to be between 300 and 400 MW, are not available 
on the American west coast and in all probability may not become 
available in the foreseeable future. This state of affairs 
is due to the present and estimated demand for an unintcrruptab1e 
energy supply by existing users. The implementation time from 
the erection of a power plant is between 10 and 12 years according 
to official estimates. (Figure 3)
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When evaluating this situation, the following conclusions are 
reached:

In order to achieve complete reliability of supply of electric 
power, the plant has to be integrated into the national supply 
system. Planning for this requires at least 8 to lz years. 
This interval can be shortened only if the plant can be integrated 
into an underloaded system, or can take over an existing allocation 
contract.

A reasonably safe energy supply could be obtained fcv direct 
investment in energy-generating facilities. investment tor 
this purpose could roach $500 to $600 million generating capacity 
of 300 to 400 MW.

5. Concluding Remarks and Considerations Concerning Locating the
Plant in Developing Countries

From the foregoing it can be concluded that while it appears possible 
to find a suitable site for the location of a nodule processing 
plant on the west coast of North America, the energy supply factor 
is critical and the ability to supply in doubt, particularly if 
considered over the duration of the plant's operation, i.e. a range 
from 20 to 25 years.

It should be emphasized that the project under consideration 
should be judged with respect to the time for its realisation and 
the capital investment requirement and also with respect to the 
expenses necessary for installations peripheral to the project: 
a manganese processing plant exceeds the framework of conventional 
industrial projects.

The investigation of factors involved in locating a nodule 
processing plant on the coast of a developed country revealed problems 
of a substantial if not a prohibitive, nature. Logically then, the 
search should continue along coast lines belonging to developing 
countries to find an acceptable site.

Firstly, countries bordering the Pacific coast could be taken 
into account since one could expect them to provide potentially 
suitable sites. Additional advantages might be the comparatively 
low cost of transport, particularly for Latin American countries. 
Applying the same criteria for the selection of sites in developing 
countries should be done with care since they may assume different 
degrees of importance and of influence under these new conditions. 
These are discussed briefly below.

Among the secondary criteria for site selection, labour assumes 
a higher level of importance due to the high rate of unemployment 
of unskilled labour. In addition, labour costs should constitue



an advantage due to their generally lower level. However, skilled 
labour from local sources may be in short supply. Because of this 
situation, training will assume an important role.

A potential problem is the need to import operational materials 
in addition to investment goods and spare parts. Generally, the 
authorities, in view of the employment opportunities created by
the project, are prepared to make allowances for this.

In many potentially suitable sites, infrastructure requirements 
cannot be met without substantial development. Power supply together 
with the required reliability of supply may pose problems. However, 
approaches to the site from the sea with the necessary provisions 
are, in most cases, comparable with those in industrialised countries.

Among the primary factors, the climate for investment and its 
assessment assume the greatest importance. Most developing countries 
are working toward a level of industrialisation as a means to accelerate 
their economic advancement. Thus, a project carrying with it modern 
technology and employment opportunities represents a means to this 
end. Thus, the possibility for the establishment of forward and 
backward linkages exists.

For the investor, the climate for investment is characterized 
by opportunities for direct financial assistance from the host govern
ment, including that for establishing the necessary infrastructure. Tax
ation allowances, fees and the ability to transfer profits constitute 
major considerations for the investor apart from the basic problem 
of a guarantee for the investment in its totality.

The fact that some developing countries have rather lax environ
mental laws should not be construed as a "go-ahead" for uncontrolled 
pollution, or lack of vigilance by operators in the treatment of 
waste products and chemical residues. However, in the absence of 
industrial activities, a certain amount of pollution can be tolerated 
without adverse effects to the environment. In addition, developing 
countries are still in a position to plan the location of industrial 
activities and distribute them in such a way that harmful effects 
might be avoided.

Deficiencies in the supply of energy pose a problem of world
wide dimensions and are a concern for industrialised as well as 
developing countries. Latin American countries, however, have a 
considerable potential for the further development of hydrocarbons 
and hydroelectric resources which could be expanded readily.

Ultimately, the decision whether a nodule processing plant 
is to be located in a particular country rests with the government 
and people of that country. It the benefits for the host country 
prove to be socially, environmentally and economically practical 
then obviously, that country would consider such a proposal favourably.

148.
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However, because ail benefits and costs are not measured in monetary 
units and because politics and other nonquantifiab le value judgements 
are important elements in the final decision to be made, the outcome 
of negotiations cannot be taken for granted even when economic in
dications appear to be favourable.

QUESTIONS

1. Considering the global supply of raw materials, will ocean mining 
be economical and/or feasible?

2. Give the three base requirements for processing and the criteria 
for carrying out the process.

3. What are the possible effects on the environment of a producing 
processing plant?

4. What are the projected requirements for water and energy in a 
processing plant?

5. The American West Coast appears favourable as a processing site. 
Why?

6. Why is it impracticable to use existing facilities?

7. What primary factors must be taken into account when selecting a 
mine site?

8. Evidence suggests a developing country would be preferable for the 
establishment of a nodule processing plant. Why?
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THE POSSIBLE IMPACT ON THE ENVIRONMENT 

FROM DEEP SEA MINING

1. Introduction

There is no doubt that 
important role in legal, 
cerning the exploitation

considerations will play an 
economic deliberations con- 

of the sea floor.resources

envi ronmenta1 
poi it ical and 

of the mineral
Mining will not only effect the sea floor and the deep bottom environ
ment at the mine site, it may also have effects on the epi- and 
mesopelagic zones by introducing bottom material and tailings from 
processing into the surface and subsurface water layers. Effects 
may be insignificant or may be deleterious to the environment and 
Man's use of the other marine resources.

Introduction of bottom material and of tailings from processing 
may be classified as pollution of the marine environment defined 
by the IMCO/FAO/UNESCO/WHO/WHA/IAEA/UN Joint Group of Experts on 
the Scientific Aspects of Marine Pollution (GESAMP) as follows:

"Pollution of the marine environment" means "the introduction 
by man, directly or indirectly, of substances or energy into 
the marine environment (including estuaries) which resuLts 
or is likely to result in such deleterious effects as will 
cause harm to living or non-living resources, hazards to human 
health, hindrance to marine activities including fishing and 
other legitimate uses of the sea, impairment of quality for 
use of sea water and reduction of amenities."

Although it was decided that the "disposal of wastes or other 
matter directly arising from, or related to the exploration, exploita
tion and associated off-shore processing of sea-bed mineral resources" 
will not be covered by the provisions of the CONVENTION ON THE 
PREVENTION OF MARINE POLLUTION BY DUMPING OF WASTES AND OTHER MATTER 
(LONDON CONVENTION, Article III.l.c), there is no doubt that delibera
tions concerning possible environmental impact of mining will take 
into account provisions of the LONDON CONVENTION and its annexes.

Specific suggestions for a procedure to ensure the safe develop
ment of deep-sea mining were made by different authors. ROELS (1974) 
proposed the following procedure for international adoption:

i. The establishment of baseline conditions in the potential 
mining area. This study could be continued and completed, 
if necessary, simultaneously with the subsequent phases 
of the procedure.



155.

ii. The environmental monitoring of pilot or full-scale mining 
operations.

iii. The documentation of changes induced in benthic and pelagic 
ecosystems by deep-sea mining and evaluation of their 
implications in relation to current and potential marine 
resources.

iv. If necessary, the recommendation of changes in mining 
methods and equipment use, based on the facts established 
in (ii) and (iii).

v. The formation of environmental criteria and regulations 
for future mining operations to minimize harmful environ
mental effects while enhancing the development of potentially 
beneficial by-products.

vi. The monitoring and enforcement of (v).

A few years ago, two environmental programmes were initiated 
to undertake deep-sea mining feasibility studies:

i. The Deep Ocean Mining Effects Study (DOMES), funded by 
the US Department of Commerce through the National Oceanic 
and Atmospheric Administration (NOAA) .

ii. Environmental studies as part of the Atlantis LI Deep
Metalliferous Sediments Development Program (MESEDA)
initiated and funded by the Saudi-Sudanese Red Sea Joint 
Commission with the support of the German Ministry of 
Science and Technology.

Results from oceanographic and eco-toxicological research
obtained during studies performed as part of these two programmes
should be useful in the implementation of other ocean mining projects.

2. Baseline Studies

To calculate the consequences of ocean mining on the marine environ
ment, baseline studies in the mining region are a vital prerequisite. 
These studies serve to:

i. Determine the natural regional and seasonal variability
of environmental parameters which may be effected by 
future mining as a basis for monitoring environmental
effects during pilot mining tests and full-scale mining.

ii. Identify the major factors which control the structure
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and function of the marine* 
to permit the development 
environmental impact, and to 
the mining technologies in 
mental risk.

ecosystem in the mining area, 
ot predictive models for the 
allow for proposals to modify 

order to minimize any environ-

3aseline stuc^ es *n ^ e  mining area should encompass (a) physical, 
(b) chemical, and (c) biological oceanography, as well as (d) sedi- 
mentology.

Seasonal changes in the oceanographic system are to be considered. 
Investigations in the mining area are to be supplemented by measure
ments at reference sites outside this area. For an understanding 
of functional interdependences, the specific situation in the mining 
area is to be scruitinized so that relationships to the overall 
oceanic cycling can be determined. A good knowledge of the large- 
scale oceanic circulation and cycling of inorganic and organic 
constitutent s is of special importance in determining which distur
bances are caused by the deep-sea mining and which are due to natural 
processes.

Topics to be covered by baseline studies are proposed and 
compiled in Table I.

TABLE I.

SUBJECTS TO BE CONSIDERED IN OCEANIC BASELINE STUDIES

Meteorology

Solar radiation 
Winds
Air temperature 
Air pollutants 
Precipitat ion
Input of pollutants from the air into the sea

Hydrography

Temperature and density gradients 
Small-scale and large-scale circulation 
Sea state
Surface, subsurface and bottom currents 
Upwelling and downwelling phenomena 
Turbulent mixing 
Light attenuation
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Chemical Oceanography

Depth profiles for chemical properties 
Maximum- and minimum-layers 
Boundary and mixing layers 
Small-scale variability 
Seasonal effects 
Salinity, chlorinity 
Alkalinity, carbon dioxide, pH 
Oxygon, red-ox systems
Inorganic nutrients: nitrate, nitrite, ammonia, phosphate,

silicat e
Dissolved organic matter
Trace elements: iron, manganese, zinc, copper, mercury, cadmium,

arsenic, lead, silver, beryllium, chromium, nickel, vanadium, 
etc.

TABLE I. Continued.

Sedimentology

Physical and chemical composition of sediments
Mineralogy
Biostratigraphy
Interstitial water chemistry
Sediment-water interactions
Sedimentation rates

Biological Oceanography

Ecosystem Structure and Function
Energy input, transformation, degradation and output
Primary and secondary production
Limiting factors
Cycling of nutrients
Trophodynamic interrelationships

Phyto-plankton
Primary production
Standing stock, number and biomass
Species composition: diatoms, dinoflage I lates , coccolithophorides,
and others
Species diversity
Chlorophyll and pheopigments
Vertical distribution
Depth of euphot ic layer
Seasonal cycles

Zoo-plankton
Product ion
Standing stock, number and biomass
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Species composition: protozoan and metazoan, microzooplankton,
copepods, chaetognaths, pteropods, heteropods, nstracnds 
and others 

Species diversity
Population dynamics, seasonal cycles 
Vertical distribution
Vertical migrations, diurnal, seasonal, ontogenetic 
Accumulation in specific layers 
Feeding relationships 
Physical condition

3enthos
Benthic infauna, epifauna and bent hop lanktonic faunal elements 
Standing stock, number and biomass
Species composition: polychaetes, nematodes, cnidarians, crus
taceans, bivalves, bryozoans, poriferans, pelecypods, ascidians 

and others 
Feeding habits 
Reproduction 
Physical condition

Bacteria and fungi
Physiological types 
Number
ATP, enzymes 
Oxygen consumption
Vertical distribution and accumulation in boundary layers 

Nekton
Pelagic and demersal fish and shrimp 
Production
Standing stock, number and biomass 
Species composition and diversity 
Diurnal and seasonal migrations 
Reproduct ion
Spawning and hatching areas 
Feeding habits and food 
Physical condition and pathology

TABLE I. Continued.

Eco-Toxicology

Natural concentrations of potentially toxic trace elements 
and other chemicals in water, suspended matter, sediments 
and the different biota, specifically those of economic importance

Physical condition of the biota: diseases and functional and 
structural abnormalities which may be enhanced by pollution 
and other human activities
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Identification of the biota most susceptable to pollution

Identification of physicaL, chemical and biological factors 
which may affect the toxicity and fate of pollutants

Identification of existing pollutions and of natural phenomena 
which will interfere with the expected future pollution

TABLE 1. Continued.

Social Economics

Traditionally used marine resources 
Potential future resources
Conflicting uses of the marine environment
Dependences of the regional human population on specific marine 

resources traditionally used 
Evaluation of the different resources.

3. Environmental Effects of Deep Sea Mining for Manganese Nodules

Effects of mining activities may be discussed separately from the 
evaluation of potential impact on the biota. According to the pre
dictions made by the NOAA ( 1976), there will be direct effects 
on the sea floor, on the benthic biota directly in contact with 
the collector, 3nd on the physical and chemical characteristics 
of the water column resulting from redistribution of bottom and 
interstitial water, bottom sediment, abraded nodule material and 
benthic biota (Figure 1). Mining will have indirect effects on 
both the benthic and the pelagic biota, depending on the manner 
and degree to which the physical and chemical properties of the 
bottom and the water column will be altered.

Direct and indirect effects will be the same, in principle, 
regardless of the specific mining system used, but there will be 
differences depending on the characterist ics of the individual 
hydraulic or mechanical systems. More detailed evaluations of effects 
to be expected are available for the hydraulic systems only. The 
individual pecularities of each of these can be seen in the schematic 
diagrams given in Figures 2 and 3.

Direct Effects on the Sea Floor

Both hydraulic and mechanical systems will lead to (1) removal 
of material, including biota, fmm the sea floor, and (2) alterations 
of the bottom condition by packing down the sediment and by redistri
bution of disturbed material.
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Examination of bottom photographs of "dredge tracks" by 
DOMES staff indicate that changes in the sea floor are less 
expected. The total area directly affected by future mining 
calculated by NOAA (1967), assuming a unit production of 5,000 
of dry nodules daily, to be 1.9 km ̂  per day, or considering 
that the actual area needed will probably be 257. larger, 750 
per year.

t he 
than 
was 
m t 

t ha,t 
km “

Direct Effects on the Water Column 

Benthic Discharge

Both mining systems will turn up bottom material into the near 
bottom water layers. In addition, the hydraulic system will have 
a characteristic benthic discharge because it separates as much 
unwanted material as possible just above the sea floor. The following 
forecasts were made by NOAA (1976) after the DOMES Study 
Phase 1:

1. About 35,000 mt of solid sedimentary material will be discharged
20 m above the sea floor daily. This will be more than 957.
of the unwanted material entering the collector. Additionally, 
about 150 mt of nodule material will be lost.

3 -12. About 80,000 m day of bottom and interstitial water will
be redistributed by the benthic discharge.

3. About 780 kg day  ̂ biota will be collected, and about 
760 kg will be rejected in the benthic discharge.

As temperature and concentrations of dissolved material in 
interstitial and near bottom water, in the DOMES area were of the 
same order of magnitude, NOAA expected no detectable changes in
these parameters.

The principal effect of the benthic discharge will be the 
formation of a plume of suspended particulate matter which may
ultimately settle many kilometers away from the original site of 
disturbance. Monitoring the benthic plume using nephelometers and 
taking samples during pilot-mining tests in 1978 (DOMES II) lead 
to the characterization of the plume as being a few tens of ̂ meters 
thick and having particle concentrations of 15 to^l50>ig 1 , com
pared with ambient values of approximately 10 p g 1 (BURNS, 1979).

Surface Discharge

-1Taking a production unit of 5,000 mt day , the amount of material
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to be discharged from the mining ship was considered by NOAA ( 1976) 
to be about

3 1 r20.000 m day - of bottom and interstitial water,

1.000 mt day “*■ of bottom sediments and 50 mt day of nodule 
fragments, and

approximately 20 kg day-'' of biota sucked up b

The discharge of such amount s of bot t om
a piume, the fate of which will be a funct ion
Material discharged from the mining ship will
initial mixing at the discharge point followed by further dilution, 
turbulent diffusion and advection. Two dimensional and three dimen
sional numerical models were used to make predictions on the distri
bution and dilution of the plume. After discussions with the DOMES 
scientists, NOAA (1976) assumed an initial mixing with a dilution 
factor of 3 x 10 , followed by further dilution of 10  ̂over 24
hours. The results of calculations, taking these assumptions and 
analytical data from the DOMES area, are given in Table II.

On the basis of these assumptions, NOAA predicted that mining 
in the DOMES area will result in negligible changes in salinity 
(slight increase) and temperature (slight decrease). Slight decrease 
in oxygen content may be compensated for by surface exchange processes 
and mixing. Increase in dissolved nutrients, i.e. phosphates, nitrates 
and silicates, by discharge of nutrient-rich bottom water may be 
counteracted by loss due to adsorption of phosphates and nitrates 
on the particulate material discharged.

Only limited information is 
of trace metals from discharged 
fragmentary nodule material. Based 
by BISCH0FF et al. (1976), no 
by the DOMES scientists.

available on the possible release 
sediments and from abraded and 

on the experimental data published 
measurable changes were predicted

As the only significant effect, a readily detectable 
of suspended matter was predicted, with concentrations 
10  ̂jig 1 near the mining ship (ambient 10  ̂ to 10 ̂  /ig 
was predicted that a plume would still be measurable at a 
of 50 to 100 km from the mining ship.

increase 
of about 
l_l )• It 
distance

Measurements during the DOMES Phase II, 
of a pilot mining test, generally confirmed these 
1979). However, the plumes were much smaller 
The settling velocity was higher.

monitoring effects 
predictions (BURNS, 
than anticipated.
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The Potencial Impact of Manganese Nodule Mining on the Biota

Direct Impact on the Benthic Community by the Collector

There is no doubt that the benthic community on the sea floor will 
be destroyed by the collector over a wide area. Based on the findings 
at DOMES site C, the daily mortality per mining unit was calculated 
to be about 240 million specimens of macro- and meiofauna corres
ponding to a biomass of 783 kg.

The consequences of this mortality on the total community 
cannot be predicted. It is to be expected that part of the bottom 
will remain unaffected by the collector, and that recolonization 
will take place. However, as reproduction may take longer than 
in other zones of the world's oceans, it is obvious that alterations 
in community structure and biomass will be a consequence of these 
operat ions.

Changes in the physical conditions of the habitat 
additional cause for changes in species composition.

may be an

Impact of the Benthic Discharge

Suspended Matter

It is to be expected that the benthic plume of suspended matter,
the concentration of which may be 10 to 10^ times the normal value, 
or even greater, will have a manifold impact on the benthic and
the near bottom swimming biota.

Filter-feeding bottom organisms. Increased turbidity will
have harmful effects on filter-feeding bottom organisms that are 
found in the nodule region, such as sponges, crinoids, asteroids, 
bivalves and tunicates.

i. Particulate organic matter suspended in the plume may
may be used as a temporary food.

ii. Filtering and respiratory organs may be clogged by the 
particles and by increased mucus production.

iii. The energy budget may become negative as a consequence 
of ingestion of big amounts of indigestible material 
and by loss of energy by increased mucus formation and 
pseudofaeces production.

Deposit-feeding bottom organisms. The effects of turbidity
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on deposit-feeders, such as holothurians, are not known, but presumably 
they will be of lesser extent.

Predators. Observat. 
Chat predatory fish may 
and SCHWARZLOSE, 1975).
of fish avoid areas of 
occur. It is not known 
sea fish will react.

ions with bottom-mounted cameras indicate 
be attracted by bottom disturbances (ISAACS 
It is well known that different species 
increased turbidity; the opposite may also 
how the mobile, near bottom dwelling deep

Sedimentation

Locally, sedimentation will be 
than normal. Sediment cover i 
would not be surprising. Most o 
such as holothurians, may be 
sedimentation rates. However, 
be buried, even by thin layers o 
may be lack of food for the large

several orders of magnitude higher 
n the order of several centimeters 
f the larger mobile benthic animals, 
able to survive in areas with such 
the smaller epibenthic forms will 
f several millimeters. The consequence 
r deposit-feeding animals.

Oxygen Demand

In the case where significant amounts of particulate organic matter 
will be suspended, there may be enhanced development of heterotrophic
bacteria. As little is known about the 
matter in the Pacific mining area, 
such effects. However, as the bottom 
oxygenated, it is to be expected that 
concentration will occur.

nature of the deep sea organic 
it is impossible to predict 
water in this region is well 
no dramatic decrease in oxygen

Dissolved Matter

In cases where only minor differences exist between the interstitial 
and the near bottom water, no impact is r o be expected from changes 
in chemical composition of the bottom water. From the evaluation 
of data presented by the DOMES baseline studies, NOAA concluded 
that no changes in water chemistry will be initiated by the benthic 
discharge.

Until recently, however, our knowledge on the sediment and 
deep water geochemistry has been insufficient to make any general 
predictions. Under conditions other than those studied by the NOAA 
scientists at the three DOMES sites, differences between interstitial 
and bottom water may exist, and dissolved substances, including 
potentially toxic metals and metalloids, may be released from suspended 
particles.

In general, changes in structure and biomass of the deep benthic
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communities are to be expected. They will depend on the ability 
of the fauna to repopulate the mincd-out swaths from unaffected 
zones. This may take a very long time, as at least some of the 
bottom animals have extremely long reproductive cycles (TUREK.IAN 
et al., 1975).

Impact on the Pelagic Biota by the Surface Discharge from the Mining 
Ship

The major disturbances caused by discharged bottom water and sediment 
from the mining ship will be at the surface and within the water 
column.

Effects of Plant Nutrients

A possible effect of the surface discharge of bottom and interstitial 
water may be an increase of phytoplankton due to an increase of 
dissolved inorganic nutrients.

-  3
Under the assumption of a primary mixing rate of 3 x 10 ,

as estimated by NOAA, the increase of phosphate in the DOMES area 
will be insignificant, but nitrate may increase from about 0.1 
to 0.2 >Jgat 1 ~ , and silicate from about 2 to 2.4 jigat l- .

Since the very low nitrate-nitrogen is considered to be the 
limiting factor for primary production of phytoplankton in this 
region, it may be concluded that phytoplankton will increase. Assuming 
a nitrogen uptake with a C:N ratio of 6:1, it was calculated by 
NOAA that the additional primary production would be 8.4 mg C m day”i 
On the basis of surface area, this means an addition of about 
100 mg C m . Since this is equal to the present rate, the primary 
production could be enhanced by a factor of two. However, as plankton 
growth induced by the higher nitrate concentrations will take several 
hours, and as the phytoplankton will be dispersed during this time 
at the same rate as the discharged water, NOAA followed that it 
would be more realistic to predict production rates assuming a 
secondary 24 hours dilution of 10 . Under these circumstances, 
the increase of primary production may be only 0.17» above normal.

It may be concluded that the species composition of the phyto
plankton may change in favour of silicate-requiring organisms because 
of the increased silicate concentration. However, under the circum
stances predicted for the DOMES area, changes in nutrient composition 
are too small to cause significant alterations in phytoplankton 
species composition.

Effects of Particulate Matter

Whereas the impact from dissolved nutrients and other trace cons-



165.

sticuents in the water discharged from the mining ship may be insig
nificant, the main impact of the surface discharge is expected 
to be the effects of particuLate material. These will form a local 
plume near the mining ship, with concentrations reaching 10 3 times 
the normal value and decreasing to several times normal over a 
wide range downstream from the ship. Even where the concentration 
is only three times the normal value, significant consequences 
can be expected.

Light attenuation. The plume of suspended matter will reduce 
the light penetration. This will have consequences for the phyto
plankton.

Growth of phytoplankton is significant in the euphotic layer 
only, where photosynthetic buildup of organic substances exceeds 
the loss by respiration. This layer is generally defined as reaching 
a depth at which light intensity is 17. of the surface value.

In the eastern tropical Pacific, the depth of the euphotic 
layer is typically about 100 m. It was calculated by the DOMES 
scientists that several tens of kilometers downstream from the 
mining ship, increases in light attenuation may decrease the euphotic 
layer to about half its normal depth. Under such conditions, the 
primary production of phytoplankton would also be inhibited by 
a factor of about one half.

Changes in phytoplankton production, standing stock and species 
composition may result in changes in the higher trophic levels,
i.e. zooplankton, micronekton and perhaps even the larger fish.

Oxygen demand. Discharge of particulate matter may increase
the oxygen demand for several reasons.

i. By introduction of organic matter to be metabolized by bacteria

ii. By introduction of particles, the surfaces of which may be 
populated by bacteria which may better use the dissolved organic 
matter already present

iii. Additionally, the material may have a chemical oxygen demand.

There is no consensus of opinion as to whether increased bacterial 
activity resulting in decreased oxygen concentrations are to be 
expected under conditions in the Pacific mining area. Based on 
the calculations of NOAA (1976), any detectable changes in oxygen 
concentration are improbable.

Significant effects are to be expected in cases 
matter concentrates in intermediate boundary layers 
terized by lower oxygen concentrations, even under 
In the DOMES area, the oxygen minimum layer is

where particulate 
. Such are charac- 
normal conditions, 
centered at about
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300 m, often with a thickness of several hundred meters.

Organic matter. Particulate organic matter (Including debris
from bent.hic organisms) introduced into the water column may be 
used as a food source by zooplankton and nekton. However, quantities 
are too small to induce any significant changes in trophic structure 
of the mining area.

Sedimentary material. The inert sedimentary material enriched 
in the surface plume will be taken up by filter-feeding zooplankton 
organisms and may effect plankton and nekton in different ways.

i. Respiratory and feeding structures may be affected by clogging 
and mucus production.

ii. Increased mucus formation will result in losses of organic 
substances and energy, which under extreme conditions may 
lead to a negative energy budget.

iii. The guts of the planktonic animals may be fille^ with indigestible 
material. This may be lethal, and it will certainly cause 
the energy budget to be negative.

iv. Plankton specimens, which have taken up the material or are 
loaded down by sediments adhering to surface structures may 
lose their buoyancy.

v. The biota may be affected by toxicity of trace metals taken 
up with the solids directly or indirectly via the food chain.

vi. The horizontally migrating pelagic fish may move away, avoiding 
areas with increased turbidity.

vii. The diurnal vertically migrating mcsopelagic fish, while crossing 
layers of increased turbidity, may be affected in the same 
way as zooplankton.

Effects of Biota on the Fate of Material from the Surface Discharge

The phytoplankton will eliminate the plant nutrients introduced 
into the euphotic zone very quickly. Also, other dissolved substances, 
including trace metals, will be taken up by plankton (and bacteria). 
Consequently, only a small portion of the discharged dissolved 
material will be detectable by water analysis.

Nevertheless, the additional nitrogen, phosphorus and silica, 
as well as different trace metals and metalloids, will be effective 
within the biological cycles. The material will be diluted as a 
result of the turbulent mixing of the biota, or tt. will be accumulated 
by processes of bioconcentration and amplification.
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Of specific importance will be 
the distribution and sedimentation of 
materia L.

the effects of the biota on 
discharged sediment and nodule

Bacteria may grow on the surface of the suspended sedimentary 
particles. According to calculations made by ANDERSON (NOAA, 
1976), the settling velocity of such particles will be affected 
by the amount of organic material they accumulate and their 
resulting changes in size which may increase up to an order 
of magnitude.

The suspended particles will be ingested by filter-feeding 
zooplankton and may be incorporated into fecal pellets. This 
may also result in a great increase in the sinking rate of 
these particles, up to several hundred meters per day (NOAA, 
1976).

iii. In addition to effects of biota on the sinking rate, an active 
transport of material incorporated by zooplankton and nekton 
may be ^brought about by diurnal vertical migration. This may 
be primarily a downward transport. Plankton feeding near the 
surface and taking up suspended particles from the surface 
plume during the night hours may take this material downward 
over distances of several hundred meters during the daylight 
hours. However, the opposite may also occur if a subsurface 
plume is established by accumulation of the particulate matter 
in intermediate layers where zooplankton and micronekton remain 
during the day and from which ingested material may be taken 
upward at night.

Our knowledge of the efficiency of such transportation mechanisms 
is still insufficient to estimate quantitatively their effects 
on the fate of the suspended solids.

iv. In cases where abraded nodule material (and to a lesser degree 
sediments) are incorporated into different organisms, trace 
metals which are dissolved during the intestinal passage may 
be bound to the biomass and enter the food web. As a consequence 
of such mechanisms, potentially toxic trace metals may be 
concentrated in the upper ocean layers, even if the sedimentary 
and nodule particles settle to the deep waters within relatively 
short periods.

5. Environmental Effects of Deep Sea Mining for Metalliferous
Sediments in the Red Sea

The potential effects of 
will be discussed only 
when mining is combined

deep sea mining for metalliferous sediments 
briefly as an example of what may occur 
with processing at sea after the material
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is pumped from the bottom to the mining ship.

From the information gained thus far during the Atlantis II 
Deep Metalliferous Sediments Development Program (MESEDA), it is 
estimated that under full-scale mining conditions, about 96,000 
mt day of metalliferous muds may be mined from the Atlantis II 
Deep. These muds will be pumped aboard the mining ship after dilution 
with sea water. About 200,000 mt of a diluted low grade mud may 
be obtained per day.

Due to the high transportation costs, as well as storage and 
disposal problems on land, it was decided to perform a preconcentration 
of the metals aboard the ship. During the Pre-Pilot Mining Test 
(PPMT), mining and preconcentration by floatation procedures proved 
to be feasible (NAWAB & LUCK, 1979).

The material initially pumped aboard may be concentrated to 
about 12,000 mt, 3nd in a further dilution of the muds, the processing 
at sea may produce 367,000 mt of tailings per day.

The harmful effects of mining the metalliferous muds from 
the Central Red Sea are expected to result from dumping these tailings, 
whereas other effects are considered to be insignificant.

Direct Effects on the Sea Floor

The direct effects of the mining operations on the sea floor will 
be confined to the mineral deposits and the hot brines of the Atlantis 
II Deep, the area of which is about 60 m .

Due to differences in density, there is little or no water 
exchange between the brines and the overlying waters. It may be 
expected that mining operations will result in a slight increase 
of mixing and water exchange through turbulent diffusion within 
the brines and between brines and the overlying sea water.

Because the specific geochemical conditions within the brines 
are unsuitable for living organisms, the collection of muds will 
not lead to any uptake of bottom organisms.

Indirect Effects on the Bottom Communities

General faunal density and diversity at the bottom of the central 
Red Sea trench proved to be low. The meiofauna biomass was found 
to be up to twenty times less than that at sites of comparable 
depth in other tropical oceans (THEIL, 1980). Alterations in faunal 
composition as a consequence of effects on the pelagic food chain 
cannot bo excluded, but they are improbable.
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T A B I C  I I I .  CHAR AC Tl R I ZAT I ON OK T A I L I N G S  PRODUCED BY 

PRO CL 05 I N C  HI' T A U .  II T R I M S  HUBS ! 0011 THE

A T L A N T I S  11 01.U ’ A i  SEA DUO 1 NO 

M I N I NG  TEST ( I .ANGE LT A L . ,  I 9 8 o

THE P

/

R L - P  I L

S o l i d  c o n t e n t  ( s a l t - f r e e ) 13 -  25 kg m - 3

S a l t  c o n t e n t l o o  -  2 o o g l - 1

Den s i  t v 1.06 -  1 . 1 6 g
- 3

cm

D e n s i t y  o f  d r y  s o l i d s 2 . 5  -  3 . 9 g - 3
cm

G r a i n  s i z e , o r i g i n a l 6o O'/O
2 /J

G r a i n  s i z e  a f t e r  d i s p o s a l 3o 0'/O
6 r

T e m p e r a t u r e

C o n s t i t u e n t s  o f  s a l t - f r e e  d r y  

S i 0 2

3o -  4o

s o l i d s :

156  -  271

°C

g k g - 1

a i 2 o 3 12 -  41 g k g " 1 
, - 1

CaO 32 -  86 g kg

MgO l o  -  21 g k g " 1

S 9 - 1 2 g k g “ 1

Fe 25 3  -  3 o 5 g k g ' 1

Mn 5 - 6 3 g k g " 1

Zn 8 - 1 6 g k g " 1

Cu 2 -  5 g k g " 1

Ag 2o -  5o mg k g ' 1

Pb 4o -  7o mg k g " 1

N i 5 -  7o mg k g ' 1

Co 4o -  15o mg k g " 1

Cd l o  -  6o mg k g " 1

A d d e d  d u r i n g  f l o a t a t i o n  p e r  t o f  d r y  s a l t - f r e e  m a t e r i a l

P o t a s s i u m  a m y l - x a n t h a t e o . 6  -  l . o kg t " 1

C u S 0 4 x 5 H2 0 1.  o kg t " 1

Some c o n s t i t u e n t s  may be u n d e r e s t i m a t e d  b e c a u s e  o f  l o s 

s e s  d u r i n g  s a l t - f r e e  a s h i n g  p r o c e d u r e s .
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Accumulation of potentially toxic trace elements Very near 
the toxic brines, constituents of the meio- and macrobenthos, as 
well as demersal fish and shrimp were caught. These organisms are 
characterized by high levels of trace elements, including mercury, 
arsenic, silver, cadmium and other metals and metalloids. It is 
thought that there are a number of elements which are released 
from the Atlantis II hot brines into the surrounding deep waters, 
and which are concentrated in deep dwelling organisms (KARBE & 
SCHNIER, 1979).

In cases where exchange processes between the brines and the 
surrounding deep waters increase due to disturbances caused by 
the mining operations, even greater bioaccumulation of different 
potentially toxic elements may result, and under extreme conditions, 
acute or chronically toxic effects may occur.

Effects of Tailings Discharge on the Water Column

The tailings produced by the pre-concentration of metals aboard 
the mining ship will be a highly saline, fine-grained slurry with
a density 5 to 107. higher than normal Red Sea water. The physical 
and chemical properties will vary depending on differences in com
position of the muds mined at different sites and from different 
sediment layers, as well as on differences in their processing methods. 
A general characterization of the tailings produced during the 
PPMT was provided by LANGE et_ a_l_. ( 1980) and is given in Table
III.

The data show that the main portion of the dry tailings are 
iron oxides and iron silicates. However, in relatively high concen
trations, the tailings are rich in a number of constituents, including 
potentially toxic elements like copper, silver, lead, cadmium and 
probably others. Even the amyl-xanthates added during floatation 
are considered to be toxic.

From the results of toxicological experiments conducted during 
the MESEDA programme, it can be concluded that the greater part
of the metals to be disposed of with the tailings is bound to the 
solids in a way that makes their biological activity low. However,
results of experimental work also indicate that toxic constituents 
are released from the solids into solution (KARBE et al., 1980).

Potential Effects of Future Tailings Discharge

The discharge of tailings from mining the metalliferous muds will’ 
in principle, lead to the same effects as described above (p.167"- 
168) for the surface discharge during manganese nodules mining* 
The most significant effect will be the formation of a plume nf
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suspended particles. Its initial mixing, turbulent diffusion, and 
settling will determine to what extent physical and chemical charac- 
terestics such as turbidity, temperature, salinity, oxygen concentra
tions, organic matter content, plant nutrient supplies and trace 
metal concentrations may be changed.

During the Pre-Pilot Mining Test, a number of discharge experi
ments were conducted to obtain information on initial mixing and 
spreading of the tailings plume, as well as on changes in chemical 
and physical parameters. As a subsurface discharge is anticipated 
during the future mining operations, the disposal was made through 
a pipe at a depth of 400 m. One small surface discharge was also 
made to allow supplemental satélite observations. Preliminary results 
of these experiments were reported by MILL (1980) and LANGE et_
al. (1980).

Observations of the spreading and settling of the plume, as 
well as of changes in vertical distribution of oxygen and phosphates 
indicate that the tailings discharge may initiate a jet-density 
flow and provide a mechanism by which water from above the discharge 
point is transported downward, comparable to the action of a water- 
jet pump. It may be concluded that under full-scale operations, 
this action may initiate circulations which would result in signigicant 
changes in water chemistry and in the trophic conditions of the 
mining area.

Special problems may arise if under specific hydrographic 
conditions, tailings accumulate in intermediate layers, such as 
the intermediate oxygen minimum layer which is inhabited by a rela
tively high standing stock of zooplankton and fish (WEIKERT, 1980 
a).

Intensified investigations on the current system, as well 
as results from discharge experiments using a disposal depth of 
twice that used during the PPMT, are essential before quantitative 
predictions are possible on tailings spreading and settling, as 
well as on potential upward transportation by upwelling.

Potential Impact of Tailings Discharge on the Biota

The potential impact of tailings discharge may be diverse and of 
the same general nature as that discussed (pages 167 to 168), caused 
by the surface discharge during manganese nodule mining. Phytoplankton, 
zooplankton and nekton may be affected with varying severity, depending 
on the mode and depth of disposal.

Additional problems will arise, if tailings are transported 
by surface currents or by upwelling into the Saudi-Arabian or the 
Sudanese coastal environments. The hermatypic corals and other 
biota of the coral reef community are well known to be very suscep-



173.

tible to increased turbidity and sedimentation.

Because the natural resources of the coastal environment are 
of special importance for the human communities near the Red Sea,
the protection of these resources will play an important role in 
the decision making process on how to manage the disposal of the
tailings. The specific risk for the coral reef environment was 
discussed elsewhere (KARB et a 1., 1977) and is beyond the scope
of this paper, which is restricted to the open oceanic environment.

Considering the tailing characteristics listed in Table 111 
and results of toxicological experiments (KARBE et_ a_l. , 1980), 
it is recommended that disposal be conducted in a manner to keep
significant amounts of the liquid and solid tailing components,
including toxic materials, from the coastal and the biologically 
productive epipelagic and mesopelagic zones. This means that the 
material should be disposed of through subsurface discharge at
a depth to be carefully determined.

Criteria to be Considered for Choosing the Discharge Point (Depth 
of Discharge)

In the case of the Red Sea, Atlantis II Deep mining project, decisions 
on the feasibility of mining must be based on the answers of the 
following questions:

i. How can any impact on the coastal coral reef environment be
avoided?

ii. How can the impact on the oceanic environment be minimized
to an acceptable level?

iii. How should the discharge of tailings be managed to satisfy 
(i.) and (ii.) without seriously interfering with the mining 
efficiency?

In other words: How pollution of the environment (i. and ii.)
and pollution of the deposit (iii.) can be avoided (NAWAB et_ al.,
1980).

These questions cannot be answered accurately before the results 
of additional research activities during the MESEDA 111 cruises 
(1980/81) are available.

However, some general statements are possible at this stage 
of the Red Sea mining environmental impact evaluation investigations:

No tailings should be disposed of in the epipelagic surface 
layers :
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to avoid severe effects on the primary production of the
phytoplankton through increased turbidity and altered nutrient 
concentrations;

to avoid harm to the zooplankton from the solid components
and toxic materials of the tailings by seeing to it that they 
do not reach concentrations higher than the threshold of lethal 
or sublethal levels;

to avoid the risk that tailings (nr dissolved matter released
into the water) be transported by the very strong surface
currents to the coastal coral reef environment;

to avoid the risk of long-term food chain bioaccumulation 
of toxic metals and metalloids in fish and shrimp eaten by
man.

No tailings should be disposed of into the mesopelagic (upper 
bathypelagic) layers;

to avoid harmful effects on the zooplankton and micro-nekton,
which make long diurnal vertical migrations from the bathypelagic 
to the epipelagic layer;

to avoid the risk of food chain bioaccumulation of metals 
and metalloids and upward transportation via the biota.

No tailings should be disposed of at sites and depths where
specific hydrographic conditions may lead to long-term accumulation 
of tailings in intermediate water layers.

No tailings should be disposed of at sites and depths where
specific hydrographic conditions may lead to upward transportation 
of the solid or dissolved constituents by upwelling.

No tailings should be disposed of at sites from which the 
mass of solid tailing material will settle back to the deposit 
to be mined out.

The impact on the overall environment presumably would be 
minimum, if the tailings were deposited in a morphologically restricted 
deep near the mining area. This possibility has been considered, 
but high costs and technical risk of this disposal method make 
it impracticable (LANGE et_ al., 1980).

The alternative procedure would be to scatter the material 
in the deeper bathypelagic zone outside the mining area. Results 
of the MESEDA plankton surveys show that the deep Central Red Sea 
may be classified as a desert biologically (WEIKERT, 1979). According 
to our present knowledge, a depth of disposal below 800 m or 1,000 m 
would be satisfactory.
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6. Conclusions

A schematic summary of potential effects of manganese nodule mining 
on the physical and chemical environment and of its expected impact 
on the. biota is shown in Figure 5. More or less modified, this 
scheme may be applicable for other deep sea mining projects.

It is obvious that the most marked impact will be on the deep 
bottom communities, i.e. the benthic and demersal biota inhabiting 
the zone affected by the collector system and benthic discharges. 
However, the effects of these communities may be confined to restricted 
areas, and they may result only in low (or no) consequences for 
the overall oceanic environment.

In the upper and intermediate part of the water 
is the most productive, the main impact expected wil 
surface or subsurface plumes formed by suspended sediment 
Due to specific hydrographic conditions, settling 
be accumulated in intermediate depths (related t.o 
the thermoc1ine).

Organisms may be affected both physiologically 
Mechanisms of bioconcentration and food chain 
of potentially toxic trace metals and metalloids 
term cumulative effects.

The different kinds of potential impacts have been well estab
lished by eco-toxicologica 1 experiments, as well as by field observa
tions under conditions comparable to those encountered during deep 
sea mining. However, based on the results of observations by the 
DOMES scientists during some pilot mining activities, it may be 
concluded that effects will be less than predicted during earlier 
stages of the DOMES programme.

All conclusions concerning the risk of manganese nodules mining 
are drawn on the assumption that no metallurgical processing will 
be carried out at sea. Should processing at sea become feasible 
in the future, the discharge of tailings and chemical wastes from 
extraction processes would probably be far more hazardous than 
the described effects of mining manganese nodules alone. The mining 
project in the Central Red Sea may be viewed as a case in which 
mining is combined with first steps of processing at sea.

AMOS et al. (1977) concluded that disturbances caused by deep 
sea mining of manganese nodules are small compared to natural, 
large-scale processes of ocean circulation and sediment redistribution 
by turbidity currents.

The conditions found in semienclosed environments, such as 
the Red Sea, will be different than those encountered in the open

and behaviourally.
bio-amplification 
may produce long-

column, which 
1 result from 
ary materials, 
material may 
the depth of
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ocean. However, our knowledge is still 
accurate predictions on a quantitative 
cumulative effects.

insufficient to allow any 
basis concerning long-term

In view of the variety of ocean mining projects which may 
be expected in the near future, it must be pointed out that offshore 
mining will, in every case, include the risk of a strong environmental 
impact. Each mining project should be evaluated carefully to determine 
how it will affect the specific hydrographic and biological-oceano
graphic conditions in the mining area, to calculate the risk for 
the living resources which are to be protected for the benefit 
of present and future generations.
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8. Summary

A prerequisite for making predictions about the impact of deep 
sea mining on the environment and on the living resources in the 
mining area and the adjacent, regions, are baseline studies of the 
undisturbed environment. A checklist of subjects to be considered 
in those studies is provided.

Mining operations may result in direct effects on the environment 
as well as in indirect effects as consequences of alterations in 
the physical and chemical conditions.

In the case of manganese nodule mining, the deep benthic community 
will be destroyed at the mine site. The mining area will be repopulated 
from unaffected sites. However, this may take a long time.

Material discharged from the mining ship will have manifold 
effects on phytoplankton, zooplankton and fish, including those 
of economic importance. The severity of such effects will depend 
on the efficiency of initial mixing and subsequent turbulent diffusion 
and settling rates.

Specific problems may arise if material is accumulated in
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Intermediate depths due to special hydrographic conditions preventing 
settling into the bathypelagic zone, or if material is transported 
into coastal environments by surface currents or by coastal upwelling.

Disposal of tailings from metallurgical concentration or ex
traction at sea will be more hazardous than mining alone.

In the open sea, effects are considered to be small compared 
to the natural, large-scale processes of ocean circulation and 
sediment redistribution by turbidity currents. The conditions will 
be different in semienclosed environments, such as the Red Sea.

Each mining project requires a separate evaluation of its 
environmental impact, taking into consideration the local hydrographic 
and environmental conditions, the mining methods used, and the 
characteristics of the material to be disposed of.

QUESTIONS
1. What are the direct effects on the Sea Floor and Water Column as a 

result of nodule mining? How are these calculated?
2. How will filter-feeding organisms and deposit-feeding organisms 

be effected by the collector?
3. What will be the effect of particulate material contained in the 

discharge from mining ships?
4. Describe the harmful effects of dumping the tailings that result 

from the mining of metalliferous muds from the Central Red Sea?

5. Are the results of studies on the environmental impact of mining 
metalliferous muds in the Red Sea relevant to deep sea mining? 
Explain.
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FISCAL CONSIDERATIONS

INTRODUCTION
1.

The implementation of the common heritage of mankind* can only take 
place if exploitation of the seabed beyond the limits of national 
jurisdiction is to proceed under reasonable commercial terms and 
under no other constraints than those dictated by economic considera
tions. Indeed, it is a view widely held that the "laissez-faire" 
approach to seabed exploitation can bring about in a much shorter 
time the concretization of the common heritage and its consequential 
beneficial spin-offs for developing countries.

Such an approach would, however, fail to pay sufficient attention 
to the serious political problems that the Law of the Sea Conference 
faces with regard to unfettered seabed exploitation. Any approach 
that is likely to prove generally acceptable must take into account 
these political considerations while at the same time recognize 
the need to devise a system that would not discourage seabed mining 
altogether.

Seabed mining is a new field of human activity and, although 
some guidance as regards contracts can be sought from similar contracts 
for mining on land, it is nonetheless important to appreciate that 
seabed mining should be treated differently. The Seabed Authority 
can be regarded as a State having control over resources which are 
sought by others. This notion of control is borrowed from the 1967 
General Assembly's Resolution on Permanent Sovereignty of States 
over their Resources. Unlike a State which can change its laws and 
regulations on exploitation either of hard minerals or of oii at 
any time, the Authority will be restricted in the exercise of its 
powers by the provisions of the future Treaty. It will have to follow 
Treaty articles and general guidelines laid down in the Convention, 
and experience in the international field shows that it is virtually 
impossible to review the terms of treaties of a universal character.

* This chapter assumes, on the part of the reader, a fair knowledge 
of the concept of the "Common Heritage of Mankind" as it has been 
elaborated in various texts before the Third U.N. Conference on
the Law of the Sea. It also assumes the future existence of a Seabed
Authority with fairly wide powers for the management and control
of the exploitation of the manganese nodules lying within the Inter
national Area.
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One of the main tasks of the Authority will be to make sure
that the common heritage of mankind is not "raped" by greedy miners.
This objective can be achieved to a certain degree by the Authority
undertaking an analytical study of recent mining agreements concluded 
between developing countries and mining entities. It must, however, 
be remembered that these agreements are differently labelled and 
one should be careful to avoid jumping to the conclusion that the 
labels determine the nature of the contractual agreement. (Some
of the lables are: Concession agreement, service contract, work
contract, production-sharing agreement or participation agreement.) 
The proper way to study this matter would be to adopt a pragmatic 
and functional approach.

The fundamental problem facing the Authority would be to bring 
together, effectively, mineral resources, capital and technology 
in an economically favorable climate and a fairly secure political 
environment. Modern mining agreements in developing countries clearly 
show that the latter intend to control and regulate the exploitation 
of their natural resources, and that those among them (e.g., the 
OPEC countries) which have the financial means are investing in 
the development of their own resources. The traditional concession 
agreements are playing a declining role and the trend at present 
is to enter into joint venture agreements. Joint venture agreements 
seem to be politically more acceptable in the modern world as they 
involve a number of parties in the venture. The risk is spread more 
widely and so is the distribution of eventual profits. Joint venturers 
at least pay lip service to the notion that the State is the owner 
of its resources and as the owner it is the controller.

Let us briefly review the form of agreements which have been 
in traditional use and those that are emerging in modern times in 
the field of mining.

2.

CONCESSIONS

A concession is the agreement whereby mineral rights are granted 
to a mining company by the Government of a country.* At one time 
the concession used to be virtually the only form of cooperation 
between the host country and the mining company. This, however,

* In the past, most mining companies were foreign-owned, that 
is, owned by nationals of countries other than the host country.
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as countries have become increasingly aware 
of other forms of fiscal regimes which are politically and economically 
more responsive. A review of past concession agreements may demonstrate

shift towards other forms of agreement.

is no longer the 
of other forms of 
more responsive. A 
the justification for the

During the past 100 years, many U.S.A. and European companies 
have acquired substantial production rights in respect of the 
petroleum, mineral and timber resources of the Third World. 
The traditional contractual framework in the extractive sector 
was the concession. Under the concession, the transnational 
corporation (TNCs) made a direct equity investment for Lhe 
purpose of exploiting a particular natural resource. In many 
cases, the concession amounted to a virtual assumption of sove
reignty by TNCs over the host country's natural resources - 
an example of the old international economic order. It excluded 
the host Government from participating in the ownership, control 
and operation of the undertaking. The TNC was given exclusive, 
extensive and plenary rights to exploit the particular natural 
resource and was in effe^y assured ownership of that resource 
at the point of extraction.-'

It appears that concessions were granted for extremely 
long periods ranging from 50 to 99 years. Concessions have resulted, 
in many instances, in blatant economic exploitation, especially 
as the TNCs were granted plenary rights to exploit all minerals 
found in the consession areas. It need hardly be said that these 
areas covered very large expanses of territory where the TNC was 
effectively the sovereign power.

What really shocks the modern observer is the ridiculous considera
tion that was paid by the TNC to the host Government. In some cases 
the TNCs paid a nominal rent of as little as £ 150 tor a whole conces
sion plus a few bottles of rum. There was no royalty or any other 
form of production sharing. The host Government did receive income 
tax payments and also a small percentage of the declared profits 
of the mining companies. In addition the Government was in no position 
to police the agreement, to supervise the accounts and to control 
all downstream operations to which higher profits could be transferred.

1/ Assante, "Restructuring Transnational Mineral Agreements," Amorican 
Journal of International Law, vol. 73, 1979, p.338.
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In many cases the 
socio-economic structure 
attention was paid to t 
areas were forever Lost 
more aware of the need 
unnecessarily and, where 
taken to remedy the damage

TNCs did 
of the ar 
he protec 
in this 
not to 

this is i

virtually nothing to improve the 
eas in which they operated. Little 
tion of the environment and whole 
way. Nowadays Governments are mucii 
disrupt the environmental balance 
nevitable, special care is normally

The Seabed Authority has to be 
tiates an agreement with the TNCs 
of the past ought not to be repeat 
answer the test of reasonableness at a 
The common heritage of mankind shou 
common heritage of a few beneficiari.es

exitremely caut ious when it nego-
for seabed mining. The mistakes
ed and the fiscal regame has to
11 times and in all c i rcumstanc es.
Id not be a 1 lowed to become the

ROYALTIES—^

Before World War II, it was believed that the royalty, as a stable 
source of income, was adequate to compensate the host country for 
the depletion of its natural resources.

The royalty is looked upon by the host Government as a risk
free form of payment as it is based on output and is a particularly
easy type of levy to administer. To collect a tax based on units 
of output, the State need only have a physical count of the volume 
of production or shipments made by the concessionaries. Royalties 
may also be assessed on the quantity or gross value of the minerals
sold or shipped. If royalty is based on production, the income
would be forthcoming whether or not sales continue.

This idea of a steady income based on production of the mined 
resources has its draw-backs. The original idea of royalties —  
i.e., delivery of a specified part of the exploited resource in 
kind —  has given way to a cash levy. This is normally calculated 
on the "f.o.b. selling price'1 and all transactions are expressed 
to be at "arm's length." But we shall come to the problem of transfer
pricing at a later stage.

Royalty rates differ widely and the current practice is to 
assess the royalty on the value of processed metals, i.e., in the 
most basic form in which they are traded normally. This is the approach

2~/ "Mining Agreements in Developing Countries," Journal of World 
Trade Law, pp.135-173.
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which the Chairman 
in his paper on the

of Negotiating Group 2, Ambassador 
financial terms of contracts.—

Koh, has adopted

Royalties, however, do not respond adequately to the ups and 
downs of the commodity markets and eventually to the profits or 
costs to the investor. They fail to catch a significant part of 
the growing profits of the investor in times of high profitability. 
The only merit they have is to assure stability of income to the 
host country during the currency of the contract. In most of the 
new agreements, royalties are combined with other taxation measures.

4.

TAXATION

shown that the market
t ion of prices can br
while it can also
which are producers

dented prosperity, while it can also cause irreparable damage to
of metals have started to 

move away from the system of royalty payments and have adopted the 
taxation method. Taxation has since played the primary role in the 
apportionment of benefits from mining between the host country 
and the mining company. Taxation is very often (Indonesia) coupled 
with a low royalty. Taxation results in a significant increase 
in the burden on the administrative capacity of host Governments. 
To assess income tax, Governments must be able to verify the sale 
prices of the resource and the calculations of deductions for expenses 
that are charged against gross income.

A tax system determines in very simple terms the question of who 
gets what and in what proportion. The allocation of benefits among 
the various parties, namely, the host State, the contractor, and 
sometimes the State of the contractor, reflects to a large extent 
the financial risks taken by the contractor. What is important for 
the host State in divising a tax regime is not so much the rates 
of tax as the supervision and monitoring of the system for the determin
ation of gross revenue, the calculation of depreciation, amortization 
and depletion allowances, the deductions to be allowed for payments 
to affiliated companies for the supply of goods and services and 
for interest on debt. This is crucial because the host Government 
can only tax that amount which is left after all deductions. Deductions

3/ In Jamaica, the royalty on aluminium is calculated on the average 
price for downstream products. The Production Levy Act, 1974. Alu
minium ingots.
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have given rise to a multitude of ambiguities and misunderstandings
and the Governments in developing countries sometimes lack the capa
bility (in manpower) to police complex Lax provisions. Smith and 
Wells point out in their book, Negot iat ini; Third World Mineral Agree
ments , that in one case the inability of one Government to administer 
complicated tax clauses of an agreement cost that Government at
least 35 percent of what seemed to be due under the terms of the 
agreement. The need to supervise the agreement is the sine qua non 
condition for the host Government to maximize its income under a 
tax regime. In the absence of such supervision, or with the inability 
of the host Government to give to itself the administrative and 
expert capability to do so, the tax burden of the contractor will 
be greatly reduced. Host Governments must ensure that the tax provisions 
they agree to are such that they can be administered at minimum 
costs.

Tax systems can be devised in such a way that they are very 
simple to administer. The systems thaL countries have developed 
are naturally tied to the profitability of the project over time. 
A mineral agreement should not be looked upon as a once-for-ever 
"deal," but it is more like a continuing relationship between the
host country and the mining company which needs constant adaptation 
to changing circumstances. There is a clear need for regular monitoring 
of the agreement and the market conditions to make the tax system 
very sensitive.

A tax system must therefore aim at adjusting the mineral agreement 
in the framework of the national economic and social development 
of the host country. It is common knowledge that a mining project 
does have considerable impact on the social climate and ecological 
balance of the hosL State.

Both Governments of host countries and international institutions 
financing mineral-related development projects have increasingly 
insisted on including in mining agreements clauses not onLy 
involving the foreign investor in the development of the regional 
infrastructure, but also in the protection of ecological, health, 
social â id cultural values that might be impaired by the mining 
process.—

The mining 
industries. It 
such steps in 
investor the me

industry creates employment and a var 
is therefore normal for the host 

its financial arrangements to secure 
ans to cater for the infrastructure of

iety of auxiliary 
country to take 
from the foreign 
these industries

4/ World Bank, Environmental. Health and Human Ecologic Considerations 
in Economic Development Projects, 1974.
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and to foster a healthy environment for the population that the 
mining project is bound to attract. The involvement of the foreign 
investor is crucial especially in times of shut-down of the mine. 
These considerations are of recent origin and they demonstrate the 
anxiety of countries which do not want uncontrolled exploitation 
of their natural resources. These considerations. however, have 
an impact on the tax regime applicable to the mining project and, 
in some cases, on the fintincing of the project itself.— These conside
rations undoubtedly affect the profitability of the undertaking: 
e.g., environmental standards can be very costly to implement and 
to comply with.

Taxation today has become the main device for the sharing of 
income generated by mining. Although the rates of tax were fairly 
low in the past, it would be very difficult at present to find a 
producer country that does not have a tax rate of at least 50 percent 
for every mining project .^^Ghana has renegotiated its mining agreements, 
and under existing agreements mining companies pay a royalty of 
6 percent in addition to mineral duty, which varies with the profita
bility of the undertaking, and an income tax at the rate of 50 percent.

It is fairly common for countries to impose taxes at different 
rates which may depend on the profitability of the project or on 
time-related triggers. In 1967 the original Bougainville agreement 
looked reasonable enough in the context of those times, and also
in view of the uncertainties of a low-grade copper deposit, difficult 
terrain and unstable world metal prices. In 1973 the situation was 
radically different; the prices were high, the costs of production 
were low, and the financial returns amounted to profits of over 
100 percent. In these circumstances renegotiation of the agreement 
became inevitable. In Papua, New Guinea the Bougainville agreement 
was renegotiated and the spirit of the new agreement is that taxes 
are paid at a relatively low rate when profits are relatively low, 
but at a much higher rate when profits are high. This is the notion 
of a surtax or supertax which is to be found in many national tax 
laws.

5/ For example, no lending institution will 
if the terms of the host country do not guarantee 
on investment for the mining company.

provide financing 
an adequate return

6 / Zambia has a tax rate of about 73 percent for copper mines.
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To ensure chat all the parties involved in a mining venture 
are treated equitably from the tax point of view, it is important 
that the tax regime is not over-burdensome and that it allows the 
investor a fair return on his investment. There is no sense in devising 
a very tight regime for tax because this would prevent investment 
altogether. The tax system is, of course, only one of the many 
considerations that an investor will analyze before deciding whether 
or not to go ahead wiLh his planned investment.

The political risks that may exist in a particular country 
play a significant role in tax planning, as the investor will seek, 
in a politically unstable country, to reduce to an absolute minimum 
the period during which his investment is at risk. Some of the elements 
that should go into the planning of a tax regime are the following: 
Definition of gross income, deductions, depreciation, dealings with 
companies within a pyramidal corporate structure, the debt-equity 
ratio, a survey of arm's length transactions, and transfer pricing.

Countries in dire need of capital for development may give 
numerous incentives to investors and may even give tax holidays
for a certain period of time. Others may put absolute limits on 
payable taxes, or give special allowances, such as deductions for 
investment expenses, or more frequently, accelerated depreciation. 
Some countries give generous incentives for local processing —
thus procuring employment and increased export earnings for the
host country. Indonesia is a case in point.

One factor which countries have to be particularly careful
about is the debt-equity ratio. There is no single formula for a
debt—equity ratio, and every country follows its own pattern. The
volume of debt financing in any project affects the income of the 
investor that is subject to taxation. As all interest payments are
deductible as financial charges, it follows that the taxable income 
is considerably reduced if interest payments are very high. The
terms of the financing agreement between the investor and the lending 
institution are concluded without the consent or the intervention 
of the host country. If the investor and the funding body happen
to belong to the same corporate family, then the host country has 
to ensure that the agreement is at least comparable with others
in other parts of the world. The host' country can in its legislation 
specify the limits on debt-equity ratio.

Another problem which the host country may face when it looks 
at the income tax return of the investor is the payment that the
investor has made to other bodies for the use of patents and other 
forms of intellectual property. The host country will have to investi
gate all such payments with a view to ascertaining whether they
in fact compare with similar payments in other sectors and whether
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they are the result of arm's length transactions. In the area of 
seabed mining this problem assumes a critical importance because 
the technology for seabed mining is new and highly specialized. 
It is virtually a monopolistic market and the potential miners are 
the ones that are developing the technology. The risk of intracorporate 
deals is very real in such circumstances.

The amount of income that a State obtains from mining activities 
depends to a large extent upon the control it exercises or is able 
to exercise over:

External payments of the TNG such as repatriating 
purchases of materials abroad and transfer pricing;

dividends,

the capital structure of the company;

access to local capital, re-investment of profits and takeovers.

Control over these activities requires a fairly detailed examina
tion of accounts and a close monitoring of all phases of the transaction 
in which unacceptable practices are suspected. To plug this lacuna 
a Swiss firm, Société Générale de Surveillance, provides inspection 
services under contract to several developing country Governments 
that lack the expertise to verify the quality of imports supplied 
by foreign suppliers. This company also investigates all contracts 
that may be the result of affiliated company transactions.

All this goes to show that the Authority will have a very difficult 
task in planning its income and taxing policies. All the odds seem 
to be tilted against it and, unlike a sovereign State which has 
no constraints as regards the exploitation of its resources, the 
Authority has to comply with the production limitation provisions 
embodied in the text of the future Treaty.- These production policies 
are bound to affect the fiscal considerations to be determined by 
the Authority.

Let us now 
that an investor 
we shall see how

have a brief look at some of the considerations 
in the Area will certainly be interested in and 
his decision to invest or not to invest can mean 

either the success or the failure of the common heritage of mankind. 
A potential investor is in a strong position because, presumably, 
he will have the finance and the technology needed for seabed mining.

7/ Article 151 of Rev.l. The negotiations on this aspect of the
Treaty are far from concluded. At the end of the day, existing Art. 
151 may be completely altered. In any event, it is desirable that 
the future Treaty does contain some production limitations so as 
to safeguard land-based deposits in developing producer countries.
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5.
INVESTMENT APPRAISAL

The bargaining position of investors interested in investing in 
a country whose bargaining powers are iimited determines to a large 
degree the fiscal considerations which apply to a particular project. 
Irrespective of any special bargaining advantages, any investor 
has to carry out an appraisal before he makes his decision to invest. 
We shall look at some of the considerations that are important to 
the final decision to invest or not to invest.

Investment appraisal can be carried out by a number of techniques 
which, because of inherent characteristics and assumptions, may 
yield very different results when attempting to evaluate or choose 
between projects. Two of the mosi important ones, which have been 
developed by economists like Mishan, who has contributed greatly 
to the sophisticated development of Cost Benefit Analysis, will 
be discussed.

There are two aspects to any exercise of investment appraisal. 
There is first the need to identify all costs and all benefits associ
ated with a project, so that the net benefits from it may be calculated. 
This means that all the effects have to be identified. As will be 
seen later, this is not an easy task, especially because external 
effects, which are of utmost importance in social accounting, often 
are not considered by the investment analyst who looks at the profits 
which the project is likely to yield to the firm, i.e., social and 
private benefits do not always coincide.

The second aspect of appraisal arises from the fact that the 
scarce resources of a firm may be available for only a limited 
number of projects, so that a judicious choice has to be made between 
alternatives. The method of appraisal used must therefore not only 
reveal the order of magnitude of benefits to be obtained from one 
project, but must also give the analyst the means of ranking the 
projects. a

3/ Article 153(1) of ICNT, Rev. 1.
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The techniques to be discussed are the Net Present Value, or 
the NPV method, and the Internal Rate of Return, or the IRR method.
Net Present Value
The NPV is a concept which arises because economists have tried 
to accommodate in the appraisal methods the relative valuation given 
by individuals, and therefore by society, to income today and income
in the future. This is often referred to as the time value of money.
Disregarding any uncertainty in the future, one unit of income today 
is generally considered to have a greater value than one unit of 
income in a year's time. Another way of putting this is to say that 
in order to forego consumption today, an individual will require 
compensation for the sacrifice in the form of somewhat larger consump
tion in the future. Thus 100 units today may be worth the same to 
an individual as 115 units in one year's time. Alternatively, 115 
units in one year's time is worth 15 percent less in terms of today's 
consumption. It is therefore necessary to discount any future benefits 
arising out of an investment at a particular rate, which reflects 
society's or an individual's rate of time preference, depending 
on whether we are considering the benefits from the point of view 
of society, a private enterprise, or an individual. The difficulty 
with this approach is that one has first to decide upon the discount 
rate to use. This method, while providing an economic evaluation 
of a project, will not always rank competing projects in order of 
economic preference. Additionally, a high discount rate may rule 
out a project whose benefits accrue only after a long initial period 
of investment, while that project might be a worthwhile one if 
given an opportunity to develop. This is so because the higher our 
preference for consumption today, the less will we value income 
and consumption in future Lime periods. It is therefore essential
to have a discount rate which gives the correct relative valuation
to the stream of incomes which accrue to 
investment.

project after the initial

Is it possible to have at least an indication of what that
discount rate should be? One component of it will certainly be the 
rate of Lime preference (r), because any investment will arise only 
if someone somewhere has been willing to forego consumption for 
a reward in the future (which means that the rate of interest on 
borrowing reflects at least partly the subjective rate of time pre
ference of the lender). But the discount rate should also reflect
the opportunity cost of the investment. If the investment for the 
project has been obtained by sacrificing another project in some
other sector, the expected yield from the sacrificed project (s) 
will be the appropriate discount rate. In general, any funds which
might have been used in another income yielding project will have 
an opportunity cost which is equal to the foregone project. Therefore, 
the accepted project will be economically justified only if che
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yield from it is greater than the expected yield from the foregone 
project. Thus, suppose that a sum has been raised bv a Government 
from the private sector to finance one of its own projects. Suppose 
further that the private sector has sacrificed a project which would 
have yielded a benefit of s percent of the initial investment.
Then the discount rate must be js percent. The procedure to calculate 
the economic viability of the Government project from the point
of view of society would be as follows:

Calculate all the benefits which will accrue to the project 
over the years. Discount the benefits at a discount rate ŝ equal
to the expected yield from the foregone private project. If the 
discounted benefits are greater than the costs (or total investment), 
then it can be said that the Government project should be undertaken.

There are, however, problems relating to this procedure.

A private investor will generally choose a project which has 
quick yields, so that implicit in his choice is the social rate 
of time preference (SRTP), which gives higher relative valuation 
to incomes that accrue in the near future than to incomes in the 
more distant future. On the other hand, a Government project is
very often related to improvement of the infrastructure in order 
to increase the future productive capacity of the economy, so that 
benefits accrue in the longer term. It is therefore necessary to 
consider the alternatives with great care before a choice is made.

Internal Sate of Return

The second method of appraisal depends on what is known as the Internal 
Rate of Return (IRR).

The IRR is not related to the Discount Rate (DR) which is used 
in calculating the NPV of a project. This method assumes that DR 
which reduces the net benefits or a project to 0 is the correct 
rate of return on the investment in question. That is, if investment 
(I) in year 0 is 100, the r3te of discount which reduces all benefits 
(B) to 100, so that B - I - 0, is the correct IRR. The ranking between 
projects is then done according to their various IRR's.

Many problems are connected with both these criteria for project 
choice and ranking. As mentioned above, the two analyses may lead 
to varying results without any indication being given as to which 
results should be accepted as the correct basis for decision taking. 
It has also been suggested that once a Discount Rate has been chosen, 
one should accept, given the investment fund constraints, all projects 
whose IRR was larger than the DR. But even here, there may arise
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where the ranking does not coincide, so that 
are sufficiently constrained no Ruling exists

cases 
funds
of two or more projects one should reject.-

if
as

investment 
to which

That is why one has to mention, in conclusion to this part of 
the discussion, that when Michael Broomwhich, in his book, The Econn- 
mics of Capital Budgeting, argues thaL in (he final ana lysis judgment 
is still an essential part of decision taking, one cannot but agree 
with him. So far, the analysis I have presented disregards uncertainty 
and only considers time-preference. But judgment becomes even more 
important in the face of future uncertainty. Let us now turn to 
the ways in which one tries to cope with the problem of uncertainty.

Uncertainty 10/

The crudest way of dealing with uncertainty is that of adopting 
a cut-off period. In the case of very risky projects, the investor 
may want to recoup his capital (K) within a short period, perhaps 
3 or 4 years. Generally for public projects, the recoupment period 
is longer —  perhaps 20 to 30 years. This has already been indicated 
in the previous section on the rate of time-preference. To a large 
extent the rate of recoupment of development costs reflects the 
nature of the investment, the economic and political risks inherent 
in it, and the general economic climate.

In practice, this crude method is supplemented by one of 
other calculations:

:hree

The arbitrary adding of a certain percentage to the discount 
rate;

the downward revision of expected future-price of output, and 
upward revision of expected future-prices of inputs; and

making two estimates based on optimistic and on pessimistic 
assumptions respectively, so that, apart from likely benefits, 
one obtains both an upper limit and a lower limit to the expected 
benefits.

9/ Perhaps the most serious problem with the 1RR, however, which 
makes one accept the NPV criterion more easily, lies in the mathematical 
fact that a particular investment stream may yield two or more IRR's. 
In such a case there is, again, no indication as to which of the 
two IRR's to choose.

10/ Seabed mining is an area where, according to potential investors, 
uncertainty is the most important consideration in arriving at an 
investment decision.
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To make this system of coping with uncertai 
a procedure based on statistical computations is used: 
of all possible outcomes (net benefits) is determined, 
value of the project is obtained. The project with the 
value is then chosen.

nty more valid, 
The distribution 
and the expected 
highest expected

In situations where knowledge of the past does not allow one 
to make such calculations, the project under consideration being 
unique, it is possible to work out the "subjective probability" 
of outcomes, through weighing of "probable" outcomes. This is the 
situation that prevails with regard to the Seabed Authority. The 
fiscal regime must reflect all these factors: Otherwise there will
be no investment.

Meaning of Risk and Uncertainty

Most treatments of risk and uncertainty assume not only knowledge 
of the possible outcomes from any decision but also that the 
decision-maker has some concept of the likelihood of each such 
outcome, that is, he can assign a probability of occurrence 
to each outcome. This allows us to think of the risk and uncertain
ty associated with any particular decision in terms of the 
probability distribution of its outcomes.— '

The Average Outcome of an Uncertain Project

Possible outcome Probability of Outcome weighted by
(Net incomes) each outcome its probability

£ £
10 .10 1.00
20 .25 5.00
40 .55 22.00
80 .10 8.00

1.00 36.00

11/ M. Broomwhich, The Economics of Capital Budgeting.
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The expected value of the project is the sum of the valucs
of the possible outcomes weighted by the probability of each of
the possible outcomes occurring. Here E, the expected value, is
£36..00. Annex I works out the variance and the standard deviation
for the above example.

Whether one uses the variance or the standard deviation, it
is clear that an important share of decision taking will still depend 
on an entrepreneur's subjective or personal evaluation of the risk 
involved. As such, the situation may lend itself to gross manipulation 
in favor of one party, when several parties arc involved. The standard 
argument which has repeatedly been brought forward by the would- 
be contractors is that the risk involved in seabed mining is so 
high that unless they receive special incentives from the Authority, 
they will not be willing to invest in the seabed mining sector at 
all.

If the taxation system is flexible enough to take into account
"good" years and "bad" years for the contractor, a large share of 
the uncertainty will be borne by the Authority and not by the contrac
tor. This reduction in risk should reflect itself in the calculations 
of the project's outcomes, for there are then likely to be very
small divergences in net profits (after tax) for the contractor 
from year to year. The one real variable that would be left to cope 
with would be the prices of the processed metals —  equipment, plant 
and technical knowledge will be in place for presumably the life 
of the project, and labor costs are likely to be a small portion
of the total cost. Since it is proposed that production from nodules 
be limited, supply from this source will not, presumably, cause
a drastic fall in metal prices. On the ocher hand, there is the 
danger that an increase in demand may, by virtue of the agreement 
on production levels, remain unsatisfied, thus causing metal prices 
to rise substantially, and resulting in a physical shortage of metal. 
This would mean that:

The contractor is practically assured to have a minimum price, 
and to benefit from higher profits therefrom;

the Authority will make extra income from the increased tax 
receipts in times of high profitability;

there will be smaller risks of depletion of the resources, 
which developing countries may be able to exploit later on;

disequilibrium in industrial sectors of all countries which 
make use of the processed metals.

This last possibility does mean that the Law ot the Sea Conference
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will stil 1 have to consider Che proposal of produci ion l imit a t i o n
seriously before a conclusion is arrived at. But it is also clear
that the riskiness of seabed min ing may not be as high as it is
assumed to be at present.

Social Benefits Versus Private Benefits

There is a very important divergence between risk for the individual 
and risk for society as a whole. More clearly than anywhere, this 
results from the study of the statistical probabilities of risk.
The statistical "Law of Large Numbers" ensures that as risk is spread
over a larger number of people, the degree of risk approaches 0,
so that a project which is not appealing to an individual firm may
be so to Government, and to society as a whole.

There may be no convergence between the benefits considered 
by the public sector and those considered by the private investor. 
The investor wants to make prof its, whereas Government is looking 
for benefits, often of a different nature, such as creation of employ
ment, transfer of technical know-how, more balanced regional develop
ment, and there are other possible aims for a Government project 
which may conflict with the profit maximization aims of the private 
firm or investor.

Let us suppose that a firm invests in a project which fails
to make profits in the course of the cut-off period. The investor 
has made a loss, winds up, and sells the plant to someone else.
Now the original investor has made a loss, but it is just possible
that the new owner manages the plant better and does make a profit.
But this is quite irrelevant to society, if society as a whole is
benefiting from the goods or services produced by the plant, and/or
if a number of people working aL the plant would otherwise be out 
of a job. The productive capacity of the economy has increased, 
in spite of the losses made by the individual who first invested.
This implies that there are benefits from investment which improve
the welfare of society enough to offset the particular setbacks 
suffered by an individual.

Now when we apply the above aims and conflicts to the contractor
who wishes to go into seabed mining and to the Authority which not
only has to ensure that there is a fair distribution of mine sites
between countries and over time, but also a fair distribution of 
the income of each project between the contractor and the Authority, 
one realizes the formidable task which the negotiators of ^j^cal
arrangements between the Authority and the contractors are facing.— '
12/ Of course, the distribution will be among 3 parties: The Authority, 
the contractor, and the home State. But for the sake of simplicity, 
we discuss only a 2-side distribution.
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What this amounts to is that the constraints under which the various 
parties are working are not only strong, but conflicting.

6 .

INVESTMENT IN THE AREA

There is every reason to believe that it is in the interests of 
the world at large that seabed mining takes place as early as possible. 
Although, at present, the need for the minerals which will be mined 
from the Area is not so pressing, it is inevitable that demand and 
consumption of these minerals will increase in the future and this 
increase could not be met by production on land by the opening up 
of new mines.

It is also in the interest of the world at large that this pioneer
ing industry and its accompanying highly sophisticated technology 
be encouraged. Progress in science and technology is a "good" per 
se,' and it is still better if the results are equitably shared world
wide .

Seabed mining has tremendous potential for the improvement 
of the lives of many people in the poorest of the developing countries, 
but it also has within it the potential for dealing a near-death 
blow to the economies of the Land-based producers. It is in this 
climate tjjît fhe Authority will negotiate the financial terms of 
contracts.—

The aim of the Authority is to maximize benefits for itself 
as the guardian of the common heritage of mankind. What the Authority
in fact has is large amounts of manganese nodules lying on the ocean
floor which have a potential value. They are, however, of no significant 
value until they are brought to the surface.

Negotiations on financial arrangements at UNCLOG III have very 
clearly shown that the potential mining States are bargaining hard 
with the Group of 77 to get a deal which would be more favorable
to the miner than to the common heritage. Reasonable negotiators 
may differ on this issue but it is clear to this writer that the 
"salami method" of negotiations, whereby the industrialized countries
seek more concessions with each Session, is the favorite method 
of negotiating.

13/ text of the ICNT, Rev.l, Annex II, Art. 12 spells out in
great detail the provisions that relate to Lhe financial terms of 
contracts, whether this is a wise course to follow or not only time 
will tell. It is this writer's view that it would have been preferable
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It is 
heritage o 
All States 
a living 
a healthy 
to it that

unfortunate that this is so because it makes the common 
f mankind appear as the concern of only the Group of 77.
should make a serious effort to make the common heritage 

reality. It is in the interests of one and all to have 
Seabed Authority. Every effort ought to be made to see 
the Authority is not crippled right from the outset.

7.

RISKS OF SEABED MINING

One of the main reasons advanced bv the
for the need to soften the financial terms
is that seabed mining, being a new venture
and , theirefore , needs special protection.

industrialized countries 
of contracts for miners 
entails too many risks

Assuming that these risks exist, one 
is much sense in protecting ^ao infant indust 
which may never be reviewed.—  We should be 
into the Treaty terms which are likely to be 
who will come after the first pioneers.

may ask whether there 
ry by Treaty provisions 
cautious in not writing 
too favorable to miners

Any investor has to take risks and he knows that there is an 
element of speculation in any decision he takes. He knows the economic 
principle to the effect that there can be no accumulation without 
speculation. By investing in the International Area the investor 
is taking calculated risks. Whatever risks he assumes with regard 
to the technology for mining the nodules are definitely offset by 
the complete absence of political risks. Investing in the Seabed 
Authority in reality means absolute security of tenure, absolute 
protection from any risks of nationalization, and no need to provide 
infrastructure, as an investor would have to provide were he investing 
in a sovereign State. If these advantages are monetized, it becomes 
apparent that an investor who decides to go into seabed mining under 
the aegis of the Seabed Authority, will enjoy considerable reduction 
in financial risk.

to leave 
Authority 
prevailing 
principles

the text of the Treaty sufficiently 
to negotiate financial terms in the l 
at the time of negotiation. It is 
and details at the outset.

vague to enable the 
ight of circumstances 
not wise to freeze

14/ Notwithstanding the Review clause, Art. 153 of the ICNT.
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Principles Governing Financial Terms of Contracts

Annex II, ArticLe 12, of the LCNT, Rev.i, sets out a series of objec
tives which would guide the Authority when it adopts rules and regula
tions concerning the financial terms of contracts between itself 
(Authority) and other entities and uLso when it negotiates the financial 
terms of contracts. The salient features of these objectives are:

i. to
of

ensure optimum revenues lor the Authority from 
commercial exploitation;

the proceeds

ii. to
and

attract investments and technology to the 
exploitation of the Area;

exploration

iii. to ensure equality of financial treatment and 
financial obligations on all States/entities

comparable 
that obtain

contracts ;

to provide incentives to 
joint, arrangements with 
tries, to stimulate the 
the personnel of the 
and

those contractors willing to undertake 
the Enterprise and developing coun
transfer of technology and to train 
Authority and developing countries;

to enable the Enterprise effectively to engage in seabed 
mining at the earliest possible time.

A cursory perusal of these objectives shows that some of them 
are conflicting. How these conflicts will be resolved in the future
is as yet a matter of conjecture, but it has to be borne in mind
that the duty of the Authority is to obtain the maximum return possible
from its resources which are non-renewable. The provision of incentives
has to be implemented in such a way as not to give subsidies to 
the TNCs for engaging in seabed mining.

What is interesting, however, is that the policy considerations
of the Authority reflect substantially the same considerations that
a State follows when it negotiates with an investor. Matters like
transfer of technology and the training of personnel rank very high 
with developing countries, and the Authority is empowered to provide 
incentives to a contractor who agrees to do any of these. It is

15/ The new version of Article 12 of Annex II has a new objective 
which aims at ensuring that there is no artificial flight of capital 
from land-based production to seabed mining.
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not possible to know at this stage the 
these incentives but it is inevitable that 
effect on the revenues of the Authority.

form or the substance oi 
they will have an adverse

Attributable Net Proceeds (ANP)

The Seabed Authority will be responsible lor all activities that 
are conducted in the International Area. For present purposes this 
means chat the jurisdiction of the Authority is limited to mining 
operations only. It is important, therefore, to determine what
portion of the proceeds of a fully integrated project is subject
to the taxing powers of the Authority.

A fully integrated project in the context of UNCLOS III comprizes 
all the stages of operations, i.e., mining, transport, processing,
and marketing. It is only the mining operation, however, that takes
place in the Area, and it is obvious that the Authority can impose 
taxes on the contractor only with regard to that part of his income 
which is attributable to mining. The other stages, such as transport 
and processing, take place outside the limits of the Authority's 
jurisdiction, and the Authority cannot extend its taxing powers 
to them.

The need to determine the ANP arises because the Authority
is unlikely to grant contracts for mining only. Were this to happen, 
it would undoubtedly simplify the task of the Authority in its tax 
administration. Such contracts would have been feasible if a market 
for manganese nodules existed and if it were possible to establish 
a fair and reasonable price for nodules.

There are various ways of determining the ANP for manganese
nodules. One way would be to apply the netback method. Another would 
be to establish the ANP in the light of the capital invested in mining 
in relation to the total capital of the project. Still another way
would be to fix, in an arbitrary manner, the percentage of the proceeds 
which are attributable to mining.

The existing provision in the ICNT, Rev.2, has combined the 
cost-ratio method with the predetermined constant ratio. The net 
result is that there is a floor of 25 percent for the ANP. It is
probable that this floor will remain unchanged and that it will 
be the tax base for a long time. The ANP is the basis for the calcula
tion of all financial charges.
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Systems of Income Allocation

The Authority will have to administer a dual 
contributions made by contractors. There is a 
as a single system. It has proved necessary to

system for financial 
mixed system as well 
devise this machinery

because of the different economic systems prevailing in the world.

Under the mixed system, intended for market-economy countries, 
the text of Article 12 of Annex II provides for a system of financial 
payments which combines a low production charge with a share of 
profits. The production charge (or royalty) is assessed on the market 
value of the processed metals produced from the manganese nodules 
extracted from the contract area. This method of attribution has 
to be utilized because of the non-existence of any free market for 
nodules.

There are two rates of production charge with a trigger mechanism 
for the activation of the higher rate. Basically, the first rate 
applies for the first ten years which correspond to the period during 
which the development costs are recovered, and the second rate comes 
into play in the eleventh year, unless the rate of return to the 
contractor is below 15 percent.

The tax rates follow an incremental pattern as it was felt 
that a s1iding—seale system would be most responsive to the actual 
development of the contractor's economic situation. It seems reasonable 
to make a contractor pay taxes at a high rate when his profits are
high and at a low rate when his profits are low.

The objection that has been made against this system is that 
it renders the income of the Authority very unstable. In effect 
it means that flexibility for the contractor places the Authority 
in a precarious situation in which the fluctuations in the income 
of the contractor can cripple all the activities of the Authority. 
This system is likely to stay as there is inherent in the market- 
economy the philosophy that there can be no profits without the
sharing of risks. (There is some stability of income to the Authority 
in the form of a production charge which is payable irrespective
of the profitability of the contractor's operations.)

The single system, i.e., payment of production charge alone, 
attempts to meet the constraints of the economies of the countries 
of the Socialist group. Article 12 caters for the special needs 
of the centra 1 ly—planned economy countries by equalizing the payments 
made under the mixed system with those of the single system.

Any contractor, however, may opt for either system, and the 
latest development in this area is that the contractor may choose,
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at the end of
As long as the
rea 1 terms ( and
in the choice of

12 months, under which system he wishes to opera 
Authority obtains the same financial resources 
not in money terms), there is no special difficu 
systems.

te.
in
lty

Debt-Equity Ratio

In order to ensure that the Authority maximizes its revenue from 
contracts, it is important that the debt-equity ratio is kept within 
manageable limits. Article 12 provides for a debt-equity ratio of 
1:1, and it is generally agreed that such a ratio represents a fair 
compromise in a normal business context.

It is important to limit the debt-equity ratio to 1:1 because 
it prevents the contractor from siphoning away, as interest payments, 
what would reasonably form part of his contributions to the Authority. 
This compromise is also incredibly important because it forestalls 
criticism on the lines that the Authority should not unnecessarily 
subsidize the seabed miner.

As interest payments are deduct 
costs of the contractor, the text of 
terms that the Authority will also 
ail the circumstances and having regard 
the rates of interest are reasonable, 
if intelligently used, can ensure that 
are protected.

ible as part of the operating 
Article 12 spells out in clear 
allow interest payments if, in 
to existing commercial practice, 
This is a valuable power which, 
the interests of the Authority

The Enterprise

Some people hold the view that the Enterprise, which is the operational 
arm of the Authority, ought not to be subject to the same fiscal 
regime as other contractors, whereas others hold the contrary view. 
The Chairman of Negotiating Group 2, Ambassador T. Koh, has dealt 
with this problem at length.

Whatever the philosophical problems, It is obvious that the 
Enterprise is a competitor in seabed mining and, as such, it has 
to be run on sound commercial principles and obey the dictates 
of the market place. The Enterprise must, however, be given the 
chance to reach the level of the other contractors, as regards access 
to technology and finance, before if is brought into the taxable 
category. It is because the Enterprise is under the impact of too
many disadvantages in its initial phases that this writer supports 
the idea of a tax holiday for the Enterprise.
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8.

CONCLUSIONS

The fiscal, 
with other 
designed to

regime which Article 12 of Annex 
relevant provisions in the Treaty

II sets out (together 
and the Annexes) is

ensure that capital and technology are attracted to
seabed mining. It also attempts to ensure that the common heritage
of mankind 
Authority.

will be utilized to generate maximum revenues to the

There are fears that seabed mining will not, in fact, produce- 
significant income to the Authority as the uses to which the metals 
derived from the nodules can be put are limited. This may be the 
case, but this writer would prefer to believe that, with an abundance 
of minerals, new uses will be found and seabed mining will become
a very profitable business proposition.

It is normal that the many uncertainties that still exist with 
regard to seabed mining blur its profitability projections. The 
fiscal regime which the UNCLOS III has worked out reflects largely 
these uncertainties, fears, and preoccupations, while retaining 
at the same time the prospect of being a feasible regime. It is
flexible enough to meet the challenges, favorable or otherwise, 
of the future. It guarantees a fair return to the investor on his 
investment, it promotes a healthy development of new vistas in techno
logy and the marine environment and, above all, it enables both 
the contractors and the Enterprise to conduct seabed mining in an 
effective manner.

Seabed mining has the merit and the potential of contributing 
in a significant way to the realization of the new international 
economic order. It can signal the end of the old international economic 
order with all its inequities. It is to be hoped that seabed mining 
will herald the new international social and economic justice which 
we all cherish.
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QUESTIONS

1. What factors must a host State consider when devising a system of 
taxation?

2. Explain the disadvantages of a) concessions, b) royalties, c) tax
ation.

3. How will the fiscal considerations of The Authority differ from 
those of a sovereign State?

4. Identify the two aspects of investment appraisal.

5. How is NPV calculated?

6. Explain: Cut off period, Law of Large Numbers, uncertainty, ANP, 
expected value, debt-equity of ratio.

7. Seabed mining has potential for the improvement of lives in 
developing countries and has the capability of near-destruction of 
land-based producers. Discuss.

8. List the advantages to an investor in The Seabed Authority.
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METAL MARKETS: 

TRADE AND ECONOMICS

INTRODUCTION

1.

Manganese nodules from the seabed are expected to provide additional 
supplies of nickel, copper, cobalt, and possibly manganese. These 
future supplies will be fed into the global metal markets, where 
the interaction between demand and supply will determine prices 
for the respective metals. A basic understanding of the structure 
and functions of metal markets is essential for a proper understanding 
of the possible future of nodule mining. In this regard, it is essen
tial to examine the structure of demand and supply, market organization 
including pricing arrangements for the metals concerned, and even 
more important, to extend the discussion to the future conditions 
in each market.

This chapter will not explicitly treat the problem of estimating 
future production volumes from nodules. The development of these 
resources will be governed by the international regime being negotiated 
in the Third United Nations Conference on the Law of the Sea. The pro
visions regarding the regime, particularly those regarding production 
policy, will be an important determinant of the volume of future 
metal production from nodules.

CURRENT MARKET SITUATION

This section will discuss various aspects 
for four metals, nickel, copper, cobalt, 
the structure of demand will be 
its major uses and substitutes, 
be identified, and international 
be touched upon.

of the current markets 
and manganese. First, 

described for each metal, including 
Then, the sources of supply will 
trade and pricing mechanisms will

Nickel: Major Uses

Nickel is used essentially as an agent in various ferrous and non- 
ferrous metal alloys to impart strength, toughness, and resistance 
to heat and corrosion, although a considerable amount of nickel 
is also used as pure metal in electroplating. Stainless st.eel, the 
nickel content of which ranges from 4 to 22 percent, represents 
about 40 percent of the total intermediate use of nickel in market
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economies. The other major applications of nickel include electro
plating (16 percent), high-nickel superalloys (12 percent), and 
structural alloy steels (10 percent).-'

Stainless steels are used as sheet metals in the chemical 
industry, consumer durables and in vehicle construction. More than 
haLf of electroplating applications are in the automobile industry. 
High nickel superalloys (about 55 percent nickel) are used in high 
temperature environments in chemical and petroleum industries, indust
rial furnaces, and in the aviation industry. The major end-uses 
of structural alloy steels include oil and gas pipelines, aircraft 
and vehicle construction and building. It is estimated that about 
two—thirds of the total nickel consumption is used for capital goods 
for the chemical, petroleum, construction, pipeline and aviation 
industries, and one-third for consumer durables, such as automobiles 
and household appliances and utensils.—'

Although substitutes for nickel exist in almost all its uses, 
many of them are either technically inferior or more expensive than 
nickel. In stainless steel and other alloys, nickel can be replaced 
by chromium, molybdenum, vanadium, columbium, and cobalt. Nickel
bearing corrosion-resistant materials can be replaced by carbon 
steel clad with titanium and plastics.

Since nickel is used primarily in capital goods, its demand 
fluctuates in accordance with the business cycle. The fluctuation 
has ofcen been accentuated in times of wars, because nickel is also 
vital for military equipment. World consumption grew at an average 
annual rate of 3.2 percent during the 1965-75 period. Growing nickel 
consumption characterized the end-use sectors with modern technologies, 
such as aerospace, aeronautics, nuclear, desalination, pollution 
control, and marine.

The consumption of nickel is heavily concentrated in industrial
ized regions, such as the United States, the USSR, Japan, and western 
Europe. The share of developing countries in nickel consumption 
is still minimal (see Table l).

1/ Hesse, G.C. and M.S. Martin, Nickel Industry Study. Toronto: 
Canavest House, 1975. Data refer to the shares in 1974.

2/ United Nations, Prospects for the Development of the Raw Materials 
Base for the Nickel Industry and the Demand for Nickel over the
Next 10-15 years, E/C.7/102 (30 March 1979), p.7.
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Sources of Supply

Two types of nickel ore are common in 1;ind-based deposit s: sulphides
and oxides (or laterites) . Most known oxide depo:»its occur near
the surface and are usua lly mined by open-pit methods, wh ile virtually
all of the s igni f icant suiphide deposit. s are mined by unde rground
methods. Suilphide ores are located in Canada., the USSR, Finland,
Ausltra 1ia, and Southern Africa, and these ores often conitain copper.
Oxide ores generally occur in tropical and sulatropica 1 regions and
may contain cobalt in addition to nickel.

Each type of ore requires a different type of processing techno
logy. Sulphide ores are amenable to concentration by flotation. 
Typical concentrates contain between 10 to 15 percent nickel, as 
well as other byproducts such as copper and cobalt. Oxide ores, 
on the contrary, cannot be concentrated and have to be treated by 
either pyrometallurgical (smelting) or hydrometallurgical (leaching) 
processes. It is generally more costly to process oxide ores because 
the whole ore must be treated, so that costs for extractive metallurgy 
are higher. Sulphide ores have been the major source of nickel 
production for many years because of their relatively high nickel 
concent and lower processing costs.

In the early 1950s, Canada produced over two-thirds of the 
total primary nickel, while the remainder was divided among the 
USSR (about 20 percent), New Caledonia (under 6 percent) and Cuba 
(about 4 percent). Since then, various countries have become producers: 
Greece, Finland, and Australia in the 1960s; the Dominican Republic, 
Indonesia, the Philippines, Botswana and Guatemala in the 1970s. 
The result has been the decline of the Canadian share to about 30 
percent at present (see Table 1). Since about 70 percent of all 
economically recoverable nickel reserves are thought to be in laterite 
ores located chiefly in developing countries, it is expected that 
the share of developing countries in future land-based supplies 
will increase.

Nickel scrap also represents an importan 
copper, nickel in scrap is primarily recoverec 
and stainless steels. Although data on 
is insufficient, industry sources indicate 
might account for 20 to 30 percent of the 
ries .—

the
that
fee

supply source, 
in the form of 
consumption of 
on an average, 
to mills and

Un1 ike 
a 1loys 
scrap 
scrap 
found-

3/Ibid., p. 14.
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T a b l e  1: M i n e  P r o d u c t i o n  and C o n s u m p t i o n  of Ni c k e l ,  1977

MINE PRODUCTION CONSUMPTION

Produc ing 
countries

Thousand metric 
tons of metal 
content

Percentage
share

Consuming
countries

Thousand metric 
tons of metal 
content

Pe rcentage 
share

1. Canada 235.4 30.3 1. USA 146.0 22.5

2. USSR 135.0 17.4 2. USSR 125.0 19.3

3. New
Caledonia 115.5 14.8 3. Japan 97.3 15.0

4. Australia 85.7 11.0 4 • F.R. ot 
Germany 54.2 3.4

5. Philippines 36.3 4.7 5. F ranc e 35.8 5.5

6. Cuba 36.5 4.7 6 . Un i ted 
Kingdom 30.5 4.7

Others 133.1 17.1 Others 159.9 24.6

World Total 778.0 100.0 World Total 643.7 100.0

of which 
developing . 
countries— 260.5 33.5

of which 
deve loping, 
countries— 39.2 6.0

!_/ Including Cuba

Source: Metallgesellschaft A.G. Metal Statistics, 1967-1977
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Internacional Trade and Pricing Arrangements

in semi-processed 
(including ferro-

Nickel is internationally traded in the form of ore, 
form (concentrates and matte), and in refined form 
nickel). Nickel ore and semi-processed nickel are either shipped
between mining and processing facilities of the same ,cpmpany, but 
in different countries, or between different companies.— The basic 
pattern of refined nickel trade can be described as shipments from 
the refineries in Canada, Norway, the United Kingdom and New Caledonia 
to the major industrialized market economy countries. Countries 
with centrally planned economies have been traditionally self-suf
ficient as a group. Cuban nickel is exported to other countries 
within this group.

With respect to pricing, INCO, Ltd. acted, until recently, 
as a price leader. Its published producer prices served as the founda- 

the industry pricetion for 
and huge 
its role 
Early in 
5). The

structure. In 1977, when lagging demand 
inventories forced widespread discounting, INCO relinquished 
as price leader. Public price quotes were discontinued. 
1979, published list prices

pricing mechanism of nickel 
of nickel trading 
is Loo early to

altered by the start 
in 1979, although it 
of nickel.

were reinstated (see Table 
may have been significantly 
on the London Metal Exchange 
evaluate its impact on prices

Copper: Major Uses

Copper is widely used because of its many desirable properties, 
such as high electrical and heat conductivity, high resistance to 
corrosion, and the ease with which it is fabricated and joined. 
The largest use of copper (approximately half of total consumption) 
is in the electrical and electronic products sector, for power and 
telecommunications cables, wiring, and in motors and generators. 
The corrosion resistant property of copper and its alloys results 
in various uses in the construction industry, such as roofing and 
plumbing. Its use in the electrical and construction industries 
together is estimated to account for 60 to 70 percent of total copper 
consumption in the major consuming countries in the market economies. 
Copper is also widely used in the transportation sector (automobiles, 
shipbuilding, and railways) and in the non-electrical industrial 
equipment sector for diversified applications.

4/ Ibid. Examples of the first type of trade are exports of matte 
from Canada to the United Kingdom (INCO) and shipments by SLN from 
New Caledonia to France. Independent transactions primarily take 
place between Japanese smelters and New Caledonia, Indonesia, and 
Australia.
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Despite its wide variety of attractive properties, copper faces 
considerable competition from aluminium, plastics, stainless steel 
and other materials. Among the alternative materials, aluminium 
is the most attractive substitute for copper. The greatest replacement 
of copper by aluminium has taken place in overhead power lines, 
where aluminium's weight advantage is a consideration.

In addition to substitution by aluminium, the use of copper 
may decline in the telecommunications field as new systems of trans
mission are developed, such as optical fibers. Among heat exchange 
applications, aluminium has been making inroads in automobile radiators 
and heat exchangers in household refrigeration and automobile air 
conditioners. Copper holds a predominant position in desalination 
units and marine uses.

The consumption of copper is also sensitive to economic activity. 
Its relatively rapid growth in the postwar period is largely attributed 
to a striking increase in Japanese consumption and strong demand 
for electricity. The statistics, however, indicate the deceleration 
in the growth rate of world consumption since the early 1960s.

Major consumers are predominantly industrialized countries, 
while the share of developing countries in copper consumption gradually 
increased to about 10 percent in 1977 (see Table 2).

Sources of Supply and International Trade

Copper-bearing minerals of commercial importance are sulph 
oxide ores. Copper from sulphide ores passes through several 
of production: mining, concentration, smelting, and refining,
is traded, domestically or internationally, in three basic 
concentrates, blister copper, and refined copper.

i d e  o r  
s t a g e s  
C o p p e r  
f o r ms  :

The copper content of 
40 percent. Blister copper 
being smelted, it contains 
present in blister copper 
by a fire process, electrolys

concentrates ranges 
is an intermediate 
over 98 percent of 
necessitate refining 

is or electrowinning.

f ro m a b o u t  20 t o  
p r o d u c t ,  and  a f t e r  
c o p p e r .  I m p u r i t i e s  

, p e r f o r m e d  e i t h e r

The United States has been the largest copper producing country 
since the late 19th century. In 1977 , about one-sixth of the world 
mine production of copper originated from the United States, followed 
by the USSR (14 percent), Chile (13 percent), Canada (10 percent), 
and Zambia (8 percent). (See Table 2.)

The geographic distribution of blister and refined copper product
ion follow somewhat different patterns. The most important changes 
have been in smelting and refining production in Japan and Western
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Europe, particularly the Federal Republic of Germany, Belgium, and 
Italy.

The gaps between production capacities at each stage have to 
be met in part by international trade. Japan is the largest importer 
of copper concentrates from Asia and Oceania (the Philippines and 
Papua New Guinea in particular) and from Canada. Basically, Japanese 
smelters and refineries process imported concentrates for domestic 
industrial use. In Western Europe, a significant amount of refined 
copper is imported, mainly from Africa and South America, to meet 
the excess demand from semi-fabricators over European refining capaci
ties. The centrally planned economies as a group are virtually self- 
sufficient .

Secondary copper forms a very important component of total 
supply of the metal. Copper recovered from scrap constitutes about 
50 percent of total consumption in market economies.- The high con
centration of copper in the scrap, to a large extent, has contributed 
to the high rate of recovery. Secondary copper can be a substitute 
for primary metal if the former is refined to the same degree. A 
considerable amount of scrap is traded internationally, most of 
which is between industrialized market economy countries.

Pricing Mechanism

Most transactions of refined copper in the market economies are 
made directly between refineries and semi-fabricators on a contractual 
basis. It is estimated that 10 to 20 percent of refined copper is 
sold on auction markets like the London Metal Exchange (LME) and 
the New York Commodity Exchange (COMEX). The importance of the LME 
is far more pronounced than the fraction of copper traded on the 
LME may suggest, because most of the contracts for direct sales 
outside North America are based upon the LME price. Traditionally, 
major copper producers govern the pricing system in North America. 
Such producer prices tend to fluctuate less than the LME prices 
(see Table 5).

Cobalt: Major Uses

Essential properties of cobalt include heat resistance, high strength, 
wear resistance and superior magnetic properties. In metallic form, 
cobalt is principally used in permanent magnets and various alloys.

5y United Nations, Recycling and Substitution, E/C.7/101 (11 April
1979), p. 11. _



T a b l e  2: Min e  P r o d u c t i o n  and C o n s u m p t i o n  o£ C o p p e r ,  1Q 7 7

MINE PRODUCTION CONSUMPTION

Producing
countries

Thousand 
tons of 
content

metric 
meta 1 Pe rcentage 

sha re
Consuming 
count ries

Thousand metric 
tons oi metal 
content

Pe rcent age 
sha re

1. USA 1364.4 17.0 1 . USA 1979.9 22.0

2. USSR 1140.0 14.2 2. USSR 1290.0 14.3

3. Chile 1056.2 13.2 3. Japan 1127.1 12.5

4. Canada 780.6 9.7 F.R. of
Germany 724.9 8.0

5. Zambia 656.0 8.2 U.K. 5L2.0 5.7

6. Zaire 481.6 6.0 6. China 330.0 3.7

Others 2550.3 31.7 Others 3042.6 33.8

World Total 8029.1 100.0 World Total 9006.5 100.0

of which 
deve loping 
countries— 3536.2 44.0

1

of which 
develop in^, 
countries— 969.2 10.8

1/ Including China

Source: Meta 1lgese1lschaft A.G. Metal Statistics, 1967-1477.
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Cobalt is an essential component in permanent magnets that cannot 
easily be replaced without a loss of magnetic properties. Cobalt 
is used in high temperature super-alloys. 3oth cobalt-base (35 to 
65 percent of cobalt content) and nickel-base (1 to 20 percent of 
cobalt) super-alloys are widely used in aircraft engines and industrial 
turbines. Cobalt is used in cutting and drilling tools as cemented 
carbides which generally contain 10 to 15 percent of cobalt. In 
addition, cobalt is used, in the form of oxides and organic compounds, 
in paints and ceramics as decolorizers, dyes, driers, pigments and 
oxidizers.

In some uses, nickel and cobalt can be interchangeable. However, 
cobalt appears to be technically preferable to nickel in most uses, 
judging from the fact that nickel is not generally used as a substitute 
for cobalt although the latter is far more expensive than the former.-^ 
Currently, efforts are geared to reducing the use of cobalt per 
unit of alloys, rather than replacing cobalt. With respect to permanent 
magnets, ceramic magnets are a potential threat to cobalt, although 
they have a weight disadvantage. No satisfactory substitutes are 
available at present to replace cobalt in iLs use as cemented carbides.

Cobalt is mainly consumed in industrialized countries, but 
insufficient data are available on consumption patterns. Traditionally, 
the United States-^has accounted for 35 to 45 percent of the total 
world consumption.—

Sources of Supply

Cobalt is usually obtained as a byproduct of nickel or copper mining. 
Consequently, the amount of copper and nickel production ultimately 
sets an upper limit on the level- of cobalt produced. For this reason, 
the supply of cobalt is relatively inelastic.

Zaire is the leading producer of cobalt, accounting for 36 
percent of the world mine production in 19-77, followed by New Caledonia 
(14 percent), Australia (12 percent), Zambia (8 percent), and the 
USSR (6 percent). The top five countries produced about three quarters 
of the world supplies (see Table 3). Production of refined cobalt 
was estimated to be: Zaire (57 percent), USSR, Zambia, Japan (8 
percent each), and France (5 percent).-' Belgium does not publish 
production figures but is mainly a processor of refined cobalt.

6/ u.s. Bureau of Mines, Mineral Commodity Profiles,, Cuba 11 , Octuber
1979 » p* 14.

7/ Ibid ., p. 11.

8/ Ibid . , p. 5.
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Cobalt is recycled to a 
n i c k e l / Significant sources 
super-alloys generated during 
in jet engines and industrial 
is largely dissipated.

much lesser extent than copper and 
of purchased scrap are cobalt-bearing 
fabrication, and super-alloy components 
turbines. Cobalt in other applications

Pricing arrangements and International Trade

Producer prices are generally set by S0ZAC0M (Société Zairoise de 
Commercialisation), the official marketing agency for Zairian cobalt. 
Between 1973 and 1978, average annual prices of cobalt increased 
from $3.00 to $11.53 per pound, at an average rate of 30 percent 
per year. Particularly in 1978, the changes in posted producer prices 
were drastic and frequent, from $6.35/lb. in February 1978 to $20.00/'lb. 
in October 1978 (see Table 5). Since May, 1978, independent dealers 
have been trading in a free market. The 1978 price increases resuited 
from production cutbacks in Zaire because of the political turmoil 
in Shaba Province, which coincided with strong demand for cobalt 
in industrialized countries.

Some producers of refined cobalt import concentrates to produce 
cobalt. Japan imports ores and concentrates mainly from Australia 
and the Philippines. Most of the cobalt mined in Morocco is exported 
to France, which also refines ores from New Caledonia. In addition 
to its own mine production, thjp^USSR is believed to produce cobalt 
from imported ores from Cuba.— 'Little information on international 
trade of the refined metal is available except for the United States. 
The major sources of the United States importunate Zaire (42 percent), 
Belgium (23 percent), and Zambia (7 percent).—

9/ U.S. Department of Commerce, Cobalt. Cooper, Nickel, and Manganese: 
Future Supply and Demand and Implications tor Deep Seabed Mining, 
p.36. It is estimated that less than 3 percent of cobalt consumption 
in the United States was supplied from purchased scrap in 1977.

10/ U.S. Bureau of Mines, Mineral Commodity Profiles, Cuba 11 , p. 4.

U./ Ibid., p. 12. The figures are the average over the period 1974- 
77.
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Table 3: Mine Production of Cobalt, 1977

Producing countries
Thousand metric tons of 
metal content Percentage share

1. Zaire 10.5 35.5
2. New Calidonia 4.2 14.2
3. Australia 3.4 11.5
4. Zambia 2.3 7.8
5. USSR 1.8 6.1
6. Morocco 1.6 5.6
Others 5.8 19.5

World Total 29.6 100.0
of which
developing countries 19.8 66.9

Source: U.S. Bureau of Mines, Commodity Data Summary, 1970.
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Manganese: Major Uses

is in the production of 
addition, it imparts, 
hardness to steels. The

steel, 
as un 
s tee I

The first and foremost use of manganese 
as a desulphurizer and deoxidizer. In 
alloying agent, strength, toughness, and 
industry uses manganese mostly in the form of ferromanganese or silico- 
manganese. The most important use of manganese is in dry cell batteries.

No satisfactory substitutes for manganese in steel production 
are presently known. Titanium, zirconium and molybdenum are some of 
the possible substitutes. However, they cannot individually provide 
the wide variecy of properties that characterize manganese and are 
much more expensive.

Little information on world-wide manganese consumption is available. 
However, since most manganese is used in the production of steel, 
the geographic distribution of consumption can be derived, as a crude 
estimate, from that of the steel production.

Sources of Supply

The major producers are limited to a few countries. The top tour producers 
accounted for 77 percent of the world's manganese production in 1977; 
the largest producer is the USSR (34 percent), followed by South Africa 
(24 percent), Gabon (11 percent), and Australia (7 percent). India 
and Brazil together contribute about half of the remainder (see Table 
4). The manganese ores are located chiefly in the tropical, subtropical 
and warmer temperate zones.

Oxides represent the most important type of manganese ore. The 
U.S. Bureau of Mines, for its domestic statistics, has used the term 
"manganese ore" for those ores with 35 percent or more manganese content. 
Recently, however, the average mined grade has gradually declined 
to between 25 and 30 percent in some producing countries.

Traditionally, the manganese ferroalloy plants have been located 
in Japan, Norway, and ocher industrialized European countries. Some 
of the large ore producers, namely, the Republic of South Africa, 
India, and Australia, have become vertically integrated from mine 
to end-use, and export manganese ferroalloys.

Little information is available on the secondary supply of manganese. 
The only potential sources of secondary manganese are the high-manganese 
alloys and some stainless steels, but the role of secondary manganese 
as an additional source of supply appears to be very limited, at least, 
in the foreseeable future.
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Table 4: Mine Production of Manganese, 1977

Producing countries
Thousand metric cons of 
metal content Percentage share

l. USSR 2,975 34.3
2. Republic of South Africa 2,079 23.9
3. Gabon 925 10.7
4. Australia 662 7.6
5. India 620 7.1
6. 3razil 431 5.0
Others 992 11.4

World total 8,684 100.0

of which
developing countries 2,756 31.7

1J Including China.

Source. U.S. Bureau of Mines, Mineral Commodity Profiles, Manganese, July 1979.
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Trade and Pricing Mechanism

The principal forms of end products are 
manganese. Ferromanganese contains 75 
depending on the varying contents of 
high-silicon ferromanganese, contains 65

ferromanganese and silico- 
to 85 percent manganese, 
carbon. Si 1 icomanganese, a 
to 68 percent manganese.

The various grades of ferromanganese are produced either directly 
by the steel companies for their use, by independent ferroalloy 
producers in consuming contries, or by vertically integrated ore 
producing companies.

Basically, international trade in manganese ore has taken 
place principally from developing countries (notably Gabon, Zaire 
and Brazil) and the Republic of South Africa to the industrialized 
countries, namely, Japan, Western Europe, and the U.S.A. Major 
ferromanganese exporting countries, on the other hand, are concentrated 
in the developed market economies such as France, Norway, and the 
Republic of South Africa. Some countries, notably India and Brazil, 
impose restrictions on exports of manganese ore in order to conserve 
manganese for their own steel industries.

Manganese ore prices are negotiated on the basis of, inter 
alia, chemical composition, physical characteristics and freight 
rates. Published quotations merely indicate the general condition 
of the market.

Average annual prices of manganese ore in real terms have 
steadily declined since 1957, when the development of large, new, 
high-grade deposits started. The real price, however, started rising 
in 1974 through^^76, resulting from strong demand and the increase 
in energy costs.—

o.

FUTURE MARKET

Since metals from seabed sources will enter the market in future, it is 
important to obtain an idea of what the future market for the relevant 
metals will look like. In this Section, we will attempt to give 
some indications about demand, supply, price and structure in the 
markets for nickel, copper, cobalt, and manganese in the coming 
years up to the end of the century.

12/ U.S. Bureau of Mines, Mineral Commodity Profiles, Manganese, 
p.14. The prices are for ore containing 46 to 48 percent manganese 
in the United States, based on constant 1977 dollars.
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Table 5: Annual Average Prices of Nickel, 
Copper, Cobalt, and Manganese

Nicke1—  ̂
$/lb

Copper
2 /LME— j US producers 

«/lb i/ib
1j

3/Cobalt-' 
$/lb

Manganese— 
$/metric ton

1966 .79 69.4 36.2 1.65 74.81967 .88 51.1 38.2 1.85 65.91968 .95 56.3 41.9 1.85 59.01969 1.05 66.5 47.6 1.89 49.21970 1.29 64.2 58.1 2.20 53.11971 1.33 49.1 51.4 2.20 59.01972 1.40 48.6 51.3 2.45 59.01973 1.53 80.8 59.4 3.00 64.01974 1.74 93.4 77.0 4.46 88.61975 2.07 56.0 64.5 3.98 135.81976 2.25.. 63.6 68.8 4.44 142.71977 2.40— 59.3 65.8 5.58 145.61978 2.09

1

61.9 65.5 11.53 137.8

y  Prices for electrolytic cathodes in the United States.

21 LME, cash wire bars, spot prices.

3/ Weighted averages based on African Metals Corp. price list. 

y  Metal content, for ore containing 46 to 48 percent manganese. 

5/ January to July.

Sources: Nickel, Metals Week; Copper, UNCTAD, Monthly Commodity Price Bulletin;
Cobalt and Manganese, u.S.Bureau of Mines, Mineral Commodity Profiles, 
Cobalt and Manganese.
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Demand in the Future

Demand up to the end o£ the century can only be estimated, since 
data are not complete and predictive methods are limited in their 
ability to portray the future. Common practice is to make projections 
about future demand on the basis of past demand patterns. The pro
jections, thus, vary according to the interpretation given to the 
past patterns and the judgments made regarding the degree of applica
bility of the past experiences to the future.

Demand for the metals in the future has been under scrutiny 
by economists, scientists and other researchers as well as by the 
users and sellers of the metals. Broadly speaking, there are two 
predictive methods —  one is to extrapolate the past time-trend 
of demand to the future, and the other is to estimate demand as 
resulting from the influences of determining factors.

In extrapolating the time-trend, a period of recent past is 
chosen, the growth of demand in that period is calculated and, 
assuming that whatever underlying factors were behind the past
experience will also repeat themselves in the future, the calculated 
growth rate is applied to future demand. The major problem with 
this approach is that past experience varies in the different past 
time periods and thus, depending on the time period chosen, the 
future extrapolations will also be different. Besides, the underlying 
factors in the future may be quite different from those in the 
past. For example, nickel consumption experienced a relatively 
slow rate of growth from the end of World War II to the mia-50s, 
followed by a period of rapid growth from the mid-50s to the late
60s, which in turn was followed by a slower growth associated with
wider fluctuations. In fact, the most recent years show little or 
no growth at all. If the flat pattern were the normal time path 
and the steep period from the mid-50s to the late 60s the unusual
one, then a simple projection will yieid a consumption figure 
for the year 2000 significantly lower than one based on the entire
post-World War II period. Similarly, the growth of world copper 
consumption in the post-World War II period has also been uneven. 
The growth rate between 1951 and 1975 was 4.3 percent while that 
between 1966 and 1975 was 3.5 percent.

The approach involving determining factors: (a) first identifies 
important factors that have influence on metal demand; (b) then
measures the extent of influence these factors had on demand in 
the past; (c) then obtains future values of the determining factors;
and (d) finally, on che assumption that the determining Factors
operate as they had in the past, future demand is estimated.
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Several determining factors for metal demand can be identified. 
As described in Section I, these metals are mainly used as raw 
material for end-products. So the demand for these metals is dependent 
on the demand for the end-products. In the absence of data about 
end-use, the demand for metals can be considered to be dependent 
on over-all industrial production, or since the metals in question 
are mainly used in producing capital goods, an index of production 
in the capital goods sector can be taken as a determining factor. 
As income levels rise, consumption of metals rises too. Thus, gross 
national product (GNP) or per capita GNP can be thought of as a 
determining factor. Finally, price of the metals and price of their 
substitutes have an influence on metal demand. Other things remaining 
the same, it is expected that a higher price of 
lead to lower consumption, and a lower price of 
will encourage consumption of the substitutes at 
the metals.

the metals will 
the substitutes 
the expense of

Whatever the determining factors selected to estimate demand 
for metals, future values of these factors have to be obtained.
Usually, these values are obtained by extrapolating the time-trend 
of past values, or by making some assumptions regarding the behavior 
of these factors in the future. it. should be kept in mind that
the values will vary according to the procedure of obtaining them.

Finally, judgment has to be made regarding the extent of influence 
of these factors on future metal demand. They may not have the 
same influence in the future as in the past. For example, there 
has been a noticeable decline over time in the intensity of use
of copper per dollar of GNP in certain countries. If this decline 
persists in the future, the extent of influence of GNP on future
copper demand has to be adjusted correspondingly. Any new uses
of the metal in question or any technological change involving
the use of the metal, will have impact on the intensity of use
per unit of end-product.

In general, future demand for the metals will be determined 
by economic, technological, social and political factors. Some 
of Lhese factors are difficult to predict jnd to quantify.

Demand for metals on a global scale is usually estimated 
by dividing the world into country groups. By introducing variations 
in a basic set of assumptions, the estimators usually provide "high,” 
"medium," and "low" estimates, or a sensitivity analysis around
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a base estimate. In order to give an idea about the orders of magnitude 
of future demand for nickel, copper, cobalt, and manganese, estimates 
from two sources are presented below. The United States Bureau 
of Mines estimates future U.S. demand for metals as basically related 
to demand for end-uses with some consideration given to the effects 
of technical and other factors which impact demand growth; non- 
US demand is determined, in part, by expected end-use demand and, 
in part, , by expectations about che relationship of demand growth 
in the rest of the world to that expected for the U.S. It provides 
"low," "probable," and "high" estimates for 1985 and 2000 for all
four metals —  nickel, copper, cobalt, and manganese —  based on
different assumptions.

The UN-sponsored study by Wassily Lecntief entitled The Future 
of the World Economy uses an input/output model as a predictive
device which basically takes into account the direct end-use of 
the metals in various sectors, as well as the indirect end-use of
the metals as raw materials to one sector, which in turn provides
raw materials to another sector. It divides the world into 15 regions 
and estimates of demand for nickel and copper are made at 10-year 
intervals from 1970 to 2000 (the following table presents the estimates 
for the year 2000 only). It provides estimates for several future 
scenarios —  one of them assumes that the growth rates of gross
domestic product (GNP) per capita in the developing countries will 
be such as to reduce the gap between the developed and developing
countries from 12:1 ( 1970) to 7:1 by the year 2000. Another one
assumes economic growth more along the lines of "business as usual," 
i.e., the global growth pattern in the future will be more or less 
similar to the current pattern.

Table 6a

Estimates of World Metal Demand in 1985 and 2000:

U.S. Bureau of Mines 

(Thousand metric tons)

1975
Actual Low

198 5
Probable

Nicke 1 610 840 940
Copper 6,455 9,125 10,120
Cobalt 34 40 45
Manganese 9,305 12,550 13,060

2000
High Low Probable High

985 1,170 1,545 1,725
11,210 13,335 17,685 22,310

48 53 73 87
14,280 18,140 20,045 25,035
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Table* 6b

Estimates of Average Growth Kates of World Metal Demand, 1975-2000

(Derived from Table 6a)
U.S. Bureau of Mines

(Percentages )

Low Probable High

Nicke 1 2.2 3.4 3.8
Copper 2.6 3.7 4.7
Cobalt 1.8 3.2 4.0
Manganese 2.5 2.9 3.8

Source: U.S. Bureau of Mines, Mineral Commod it
various issues.

1 *■> 7 9 ,

Table 7

Estimates of World Metal Demand in 2000:

Leoniief Study 

(Thousand metric tons)

2000

Developed/Developing gap reduced Business as usual

Nickel 2,835 2,135
Copper 31,300 23,600

Source: Leontief, Wassily, et al., The Future of the World_Economv
New York: Oxford University Press, 1977.

Based on an examination of pasi consumption patterns 
the various estimates of future demand, analysts conclude 
appears reasonable to assume that world-wide demand tor
copper, cobalt, and manganese will grow more slowly than
past.

and of 
that it 
nickel, 
in the
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Supply in the Future

A picture o£ the future supply situation tor nickel, copper, cobalt 
and manganese can be obtained from three types of information: 
plans for expansion of the existing mines and plans for development
of new mines, estimates of world-wide reserves of these minerals, 
and estimates of world-wide resources of the minerals.

The world resources of a mineral consist of all deposits,
whether discovered or not, that may be exploited now or in the 
foreseeable future. Resources can be classified according to the 
degree of geological assurance regarding the existence and size 
of individual deposits and according to their economic character. 
From the geological point of view, a deposit which is known to 
exist, either from direct measurement or by inference from nearby
known deposits, is classified as "identified." A deposit postulated 
to exist in either areas of known potential or in undiscovered 
areas is classified as "undiscovered." From the economic point 
of view, a deposit which can be mined at a profit using existing
and predictable future technology is classified as "economic,"
otherwise it is classified as "sub-economic." The resources of
the mineral that are both "identified" and "economic" comprise 
the reserves. The estimates of reserves and resouces can vary according 
to the judgment made by the estimator regarding the geological 
and economic characters of the reserves. For example, the size
of world manganese reserves was recently a point of disagreement
between the published estimates of the United States Bureau of 
Mines Geological Survey and a representative of the U.S. Steel 
Corporation. According to the latter, the world manganese reserves 
are one-third of those estimated by the former, it should be kept 
in mind that the reserve and resource estimates are not static. 
Reserves are increased as new technology reduces the costs of product
ion or when metal prices rise faster than costs of production in 
a stable fashion. Again, reserves are also increased as exploration 
makes it possible to classify previously undiscovered deposits 
to identified deposits.

Expansion and new mine development requires about five or 
six years. So, for the near future, new supplies will be coming 
from the mines for which construction is already in progress. There 
is public information available about these, and supply of metals 
in the near future can be fairly accurately predicted. In the view 
of the analysts who regularly monitor expansion and development 
activities, supply of the metals in the near future will be able 
to meet demand. If anything, there is the possibility that demand 
in the near future will fall short of supply capacity, an issue 
which we will discuss later.
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In the medium-term future, t 
will be developed are the areas 
exploration for new deposits is 
or more years. Thus, areas with 
likely to be exploited. Reserve 
us an idea about the future supply s

he most likely areas where mines 
that have reported reserves. The 
a long process, often taking ten 
known reserves are the ones most 
estimates, therefore, can give 

ituation in the medium-term.

In the distant future, the estimates of reserves should be 
supplemented by the rest of the resources to indicate possible 
areas of mineral development. Thus, in order to obtain an idea 
of the long-run supply situation, resource estimates should be 
examined.

A comparison 
hand, and cumulative 
in Table 6), on the 
are sufficient to 
and manganese. This

of land-based reserves and resources, on one 
demand to the year 2000 (based on demand estimates 
other, indicates that world reserves and resources 
meet world demand for nickel, copper, cobalt 
can be seen in the following table:

Table 3

Adequacy of World Reserves and Resources 

of Metals to Meet Cumulative Demand up to Year 2000

Ratio of Reserves to Cumulati 
Demand up to year 2000

Low Medium Hi.£h.
Nicke 1 230% 204% 152%
Copper 173% 146% 126%
Cobalt 144% 122% 107%
Manga

nese 183% 173% 150%

Ratio of Resources (Other than
Reserves) to Cumulative Demand

up to year 2000
Low Medium Hi£h

438% 388% 3 59%
434% 368% 318%
268% 223% 200%
532% 503% 436%

Source: Office of Ocean Resources and Scientific Policy Co-ordination, United 
States Department of Commerce. Cobalt, Copper, Nickel and Manganese: 
future Supply and Demand and Implications for Deep Seabed Mining.

Prices in the Future

Price forecasts are usually arrived at through j„ exercise involving 
the balance of future demand and supply and/or assuming a process 
for price formation. In order to obtain estimates of future prices
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from a demand/supply exercise iL is necessary to postulate a relation
ship between the reserves and resources discussed previously and 
price, i.e., to indicate at what price those reserves and resources 
will be converted to supply in the market. Price forecasts, thus, 
vary according to the assumptions on price formation.

Predictive devices used in estimating future demand and supply 
do not capture the volatile year-to-year swings in metal markets 
and at best take account of the cycles in a rough fashion. In general, 
demand changes have triggered the year-to-year and cyclical swings, 
and supply has followed by adjusting quantity or price. For metals 
where there is a price leader and dominant producer, as in the 
case of nickel, a quantity adjustment through production cutbacks 
or inventory build-up when demand falls is more common than a price 
adjustment. In other cases, particularly in the case of copper, 
price adjustments are the response to demand changes.

Year-to-year or cyclical variations in prices in these latter 
cases are not reflected in price forecasts. Forecasts are useful, 
however, in helping to determine medium- and long-term average 
prices which can be used for project planning. A mining project 
may be shown to be feasible at a given average metal price, although 
the actual price may show considerable annual and cyclical swings.

There are many sets of price forecasts for nickel, copper, 
cobalt, and manganese, including the ones generated in-house by 
mining companies. The forecasts for prices of nickel, copper, and 
cobalt in the year 2000, resulting from the demand/supply exercise 
by the United States Bureau of Mines, are given below:

Table 9
Price Forecasts for Nickel, Copper, and Cobalt in 2000 

U.S. Bureau of Mines 
(1975 constant dollars)

1975
Price per lb.

2000
Price per lb. As % of 1975 prices

Nickel $2.20 
Copper $0.64 
Cobalt $4.00

$2.25
$ 1 .00
54.00

112%
156%
100%

A different set of assumptions behind the demand and supply 
estimates can yield different forecasts, and this can be seen in 
the following table representing the price forecasts for nickel 
and copper in the year 2000 in two alternative cases in the Leontief
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study. (Alternative 2 is based on conservative estimates of reserves 
as compared to Alternative 1.)

Table 10

Price Forecasts for Nickel and Copper in 2000

(Leontief Study)

(1970 constant dollars)

2000 prices as percentage of 1970 prices

Alternative l Alternative 2

Nickel 400 7» 700“!,
Copper 124% 2847.

Market Structure in the Future

Developed market economies and centrally planned economies will 
continue to be the major consumers of the metals in the future, 
although the share of a small group of leading developing countries 
in world consumption is expected to gain in importance. Unless 
there is a major shift in the international economic order, developing 
countries, in general, will account for a relatively small part 
of world consumption.

Future production presents a different picture. In nickel, 
three-fourths of world production in 1975 came from three countries 
—  Canada, Australia, and New Caledonia. This fraction will decline 
in the future because an examination of the current mineral development 
plans and the estimates of production capacity in the near future 
shows a trend toward developing countries —  Indonesia, the Philip
pines, Botswana, Greece and Central and South American countries, 
of which Guatemala and the Dominican Republic take leading positions. 
The geographical distribution of nickel reserves, from which future 
supply will come, also points to the same trend (see Table 11).

The United States is the largest producer of copper. But the 
distribution of new production capacity being developed shows that 
the proportion of non-U.S. production is likely to increase in 
the near future, in large part because of the higher costs of U.S. 
production relative to the costs of non-U.S. mines
costs result from a variety of 
ore grade, higher labor costs, 
standards in the U.S. Although 
expected to continue to make a 
supply of copper, the major part of

factors, including 
and more stringent 
several developing 
large contribution

These higher 
lower average 
environmental 
countries are 
to the world

the increase in non—U.S. production
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will be taken up by other developed 
The distribution of copper reserves 
towards developing countries vis-a- 
and centrally planned economies as 
of current production (see Table 11).

and centrally 
does not point 
vis developed 
compared to

planned countries, 
to a major shift 
market economies 
the distribution

In cobalt, the current high level of concentration of production 
in developing countries, accounted for mainly by Zaire and Zambia, 
is expected to continue in the future. Since only 7 percent of
ore reserves are in developed market economies, as opposed to 72 
percent in developing countries (see Table 6), the share of the 
latter in world cobalt production in the future may even increase.

Current production of manganese is concentrated primarily 
in six countries —  the USSR, South Africa, Australia, Brazil, 
Gabon, and India. An examination of the trends in the development 
of manganese mines shows that the USSR and South Africa will remain 
the largest and the second largest producers respectively. Although 
developing countries account for only 7 percent of manganese reserves, 
as opposed to 43 percent for developed market economies (see Table 
11), the increasing degree of difficulty in exploiting the reserves 
in the latter is expected to lead to an increase in the future 
share of developing countries in manganese production, excluding 
South Africa. This increase will be mainly contributed by Gabon 
and a few other African countries.

The degree of competition among producers will remain at a 
more or less equal level, in the future as at present, except for 
the nickel market. In recent years, the dominance of the largest 
producer, Canada, has been eroded owing to the introduction of 
new suppliers. This is expected to lead to a more competitive market, 
although there is doubt that this will be reflected in price competi
tion.

Seabed Mining

Through its 
influence the

effects on the supply situation, seabed mining may
future metal market. In the absence of any commercial 

seabed mining at present, costs of product.ion are extremely difficult 
to determine. As has been pointed out in another chapter, estimates
of costs of production vary widely depending on the assumptions
on which they are based. Thus it remains rather an uncertain exercise 
to forecast at what prices the mineral deposits on the seabed will
be converted to supply in the future market and what relationship
these prices will have with those required tor converting competitive 
land-based deposits to supply.

If we postulate that as demand increases, higher cost deposits 
will be exploited, it may happen that the cost of seabed mining
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Table ll

Geographical Distribution of Mine Production and Ore Reserves 
Nickel, Copper, Cobalt and Manganese 

(Percentages)

Nickel Copper Coba 11 Manganese

mine ore mine ore mine ore mine ore
production reserves production reserves production reserves production reserves

Developing
Countries 34 61 38 59 67 72 27 7

Deve loped
market
economies 42 23 41 27 21 7 30 43

|

Centra 1 ly
planned economies 23 16 21 14 12 21 43 50

Source: United Nations Department of International Economic and Social Affairs. Seabed Mineral
Resource Development; Recent Activities of the international Consortia. Forthcoming,
U.S. Bureau of Mines, Mineral Commodity Profiles, Copper.

will be prohibitively high even with the projected growth in demand 
by the year 2000. This seems to be the conclusion of the Leontief 
study mentioned earlier. Thus, Leontief does not foresee nodule 
mining as being a major source of metals before 2000. On the other 
hand, based on different assumptions about the relationship between 
the prices at which seabed and land-based mineral deposits will 
be converted to supply, some analysts have included seabed production 
in exercises regarding future demand and supply. The impact of 
seabed production will depend on various factors, including, among 
others, the size of each seabed mining operation, the number of 
operations, and the starting year of operations. Based on particular 
sets of assumptions regarding these factors, analysts conclude
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that the impact ot seabed mining on 
manganese may be substantial and the 
may be significant, while the impact 
be minimal.

the markets tor cobalt and 
impact on the nickel market 
on the copper market will

4.

MARKET CONSIDERATIONS AND INVESTMENT DECISIONS

While the preceding section shows Lhat in a global context, future 
demand and supply of nickel, copper, cobalt, and manganese are 
expected to be in balance, in general, from the point of view of 
the mining industry and individual mining companies, various other 
factors, the influences of which are not usually captured in the 
future supply/demand exercises, enter into consideration with regard 
to mineral development.

Industry and Company Considerations

The current view of the mining industry is dominated by the short
term prospects. In recent years, the nickel industry has experienced 
a low race of growth of consumption and substantial fluctuations 
in year-to-year consumption. There have been production cutbacks 
and/or increases in inventory, and at times, prices have gone below 
production costs for some operations. Although very recently both 
consumption and price increased, these gains appear rather tentative. 
These recent experiences introduce uncertainty in the industry 
investment climate.

The copper industry had a similar experience including 
consumption and low prices. UnLike the nickel industry which 
a comparatively more stable evolution of prices and produc 
due to the influence of a dominant producer which acted as a p 
leader, the copper industry, being composed of many more produc 
has been plagued with "boom or bust cycles." Recent low consump 
along with the existence of the "boom or bust" phenomenon 
to uncertainties in the minds of prospective investors.

low 
had 
t ion 
rice 
ers, 
t ion 
lead

The cobalt 
disturbances due 
shot up in the 
entering into new

industry has recently 
to political factors 

recent past, investors 
ventures.

experienced severe supply 
and although prices have 
are rather cautious about

The longer term 
as we have mentioned 
may be lower than in 
future, because the

prospects tor the metals are good, although, 
in the preceding section, the rates of growth 
the past. Copper may face a somewhat uncertain 
current trend of substitution by aluminium
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to the extent that a nickel or
a billion to one billion dollars
investors may have to wait for
a return of or on capita 1. A

in some electrical end-uses may continue, and there are possibilities 
that opticaL fibres may replace copper in electrical uses.

Capital requirements for mineral development are very high,
i copper mine may require from halt 
to bring into operation. In addition, 
six or seven years before receiving 
large investment requirement along 

with a long lead time deter investment.

As we have seen earlier, developing countries may gain in
importance as producers in the future market. However, attraction 
of capital to developing countries is not usually a smooth process.

Persistent high inflation, possibilities of increasing labor
costs and labor strife, chronic energy shortages —  all these factors 
enter into the mineral industry's considerat. ions.

Social and political factors play important roles in the industry 
outlook. These factors may range from encouragements in the form 
of subsidies based on objectives such as security of supply, self- 
sufficiency, increase in national income and employment, and improve
ment of balance of payments; discouragements such as nationalization, 
interruption of supply lines, embargoes, allocation mechanisms 
such as quotas and import restrictions, environmental control, 
etc.

Finally, from the company point of view, additional 
enter into the investment decision-making process. These 
improvements in competitive position within its segment 
industry, geographical diversification and diversification 
deposits of different geological and economic characteristics,et

factors 
ine lude 
of the 
among 

c.

SUMMARY

Manganese nodules from seabed sources are expected to provide supplies 
of nickel, copper, cobalt, and possibly manganese in future metal 
markets. The markets for each of these metals are discussed in 
this Chapter in terms of demand, supply, prices, pricing mechanism, 
market structure, and trading patterns.

Section 2 deals with the past experience and current situation 
in these markets. The demand tor these metals being basically a 
derived demand, major uses ot these metals as raw materials in 
various industrial activities are described; possible substitutes 
for each of the metals are indicated. The present supplying countries 
and the current patterns of trade are identified.
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Section 3 attempts to present a picture of the markets for 
these metals in the coming years. Future demand and supply can 
only be estimated, since data are not complete and predictive methods 
are limited in their ability to portray the future. A brief description 
of the genehal estimation procedures is followed by a sample of 
estimates intended to provide an idea of orders of magnitude. 
Possible future sources of supply, including seabed sources, are 
discussed.

While Sections 2 and 3 concentrate on the global aspects of 
the metal market, Section 4 looks at the metal market from the 
mining industry's point ol view. The factors which are likely to 
enter into the industry's view of the future market are discussed.
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QUESTIONS

l. You arc asked to give a prognosis for the copper market 
over the next ten years. You should discuss trends in demand and 
supply, and particularly what will happen to price over the period. 
How did you generate your estimates? What factors are crucial in 
your estimation?

2. Given an outline of how you would determine the needs of 
your country for nickel, copper, cobalt, and manganese in the 
next two decades; discuss what kinds of data you would need for 
your determination.

3. What role do you foresee for your country in the future 
markets for nickel, copper, cobalt, and manganese? Discuss briefly 
the factors which may influence that role.

4. Suppose the metals recovered from nodules enter the markets. 
What impacts do you foresee on prices, quantities, and on producers' 
revenues?

5. If you are a prospective seabed miner, what factors would 
you take into consideration before making your decision to enter 
the market? Are there any non-market factors which would influence 
your decision?
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SEABED MINING: 

FINANCIAL CONSIDERATIONS

I .

INTRODUCTION

Commercial seabed mining has not 
that commencement in the future 
geological, technological, legal, 
of the Manual deal

taken place yet, and it is believed 
is dependent on a combination of

3___ , and economic factors. Other chapters
with these factors, as well as with the general 

economic outlook and metal market conditions. In this chapter we 
will concentrate on the financial considerations involved in individual
seabed mining projects. How much will — 1— 1 — --- —  *   ’
How much will it earn? What 
are the factors determining

a seabed mining project cost? 
amount of profit can be expected? What 
costs, revenues, and profits? We will 

address ourselves to these kinds of questions in this chapter.

While seabed mining will be governed by the international regime 
being negotiated in the Third United Nations Conference on the Law 
of the Sea, it goes without saying that, in the final analysis, 
the financial aspects, as well as other aspects, will be determined 
by the interaction between the provisions of this regime and geological, 
technological, and economic factors. In order to facilitate an under
standing of these inter-related processes, an abstraction has been 
made in this chapter.

2.

ESTIMATION

are no actual data 
profits of seabed

In the absence of a commercial operation, there 
available with regard to costs, revenues, and 
mining; whatever figures we have are estimates. Estimates vary according 
to different assumptions and different values assumed in determining 
costs, revenues, and profits. Two of the major areas 
assumptions may apply are the requirements and the 
a new, untested technology and the prices of inputs and outputs 
in the future. To date a number of estimates have been made by different 
authors, the major ones being Moncrieff and Smale-Adams, Wright, 
Tinsley, Shaw, the Massachusetts Institute of Technology (MIT) group 
and the Aachen University-Batte1lo Institute group. Apart from the 
different assumptions about technology and future prices, these 
estimates were made in different vears and thus vary also according

where varying 
performance of
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to the base year currency unit they are expressed in. The MIT exercise 
is noteworthy in that it arrives at the estimates tor the aggregated 
costs, revenues and profits starting lrom a disaggregated leveL. 
It also presents a range of estimates based on variations in assumptions 
and in the values of underlying factors. This range is built around 
a particular case which is called the "baseline case."

In the following sections we will try to present a single set 
of figures following the MIT "baseline case" to highlight the important 
elements in the financial estimates. These .ire also intended to 
give an idea of the orders ol magnitude of financial variables. 
For the sake of clarity, the accounting method and the concepts 
will be explained in simple terms to capture the essential issues. 
Later, we will try to give an idea of the variations in the estimates 
according to the variations in the assumptions.

3 .

FRAMEWORK

Most of the consortia (groups of companies) that are interested 
in seabed mining are expected to have integrated oper.it ions. That 
is, they will not just mine manganese nodules and sell them fat 
present, there is no market for manganese nodules as such, and whether 
a market will be developed in the future is an open question), but 
they will mine and transport the noduLes to a processing plant (most 
likely to be built on shore), process them and produce processed 
metals, that is, nickel, copper, cobalt, and perhaps manganese, and 
sell these processed metals on the existing international metal
markets. Thus seabed mining will consist of three components or 
sectors: mining, transportation, and processing, integrated in one
operation.

To set up the whole operation, miners will need ships for
mining and transportation, land and buildings tor the processing
plant, and machinery and equipment tor each sector. Thus, the mining 
sector will require a mining platform or ship, nodule collection 
and lifting devices, pipes and pipe-handling equipment, a power
plant to provide power to machinery, etc. The transportation sector
will require one or more ships to carry the nodules and slurry-handling 
equipment. The processing sector will require processing equipment,
land and buildings for the processing plant, facilities and equipment 
to provide utilities and to dispose of waste. All these costs of 
setting up the operation are capital costs. In general, capital
costs are those which are incurred at one Lime but yield their return 
aL a later time. Thus there can be capital costs oven after the
setting up of the operation, for example, for buying new equipment
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for the purpose of replacement or expansion. At the moment, we will 
concentrate on the total capital costs for setting up the operation, 
combining all three sectors, before production starts.

Before the operation is set up, the miner has to select a mine 
site and has to have requisite mining and processing technology. 
The costs of prospecting and exploration to define a mine site and
the costs of research and development to develop technology are 
added to capital costs to estimate investment or development costs. 
Development costs are thus ail the costs that are required to develop 
a mining project so that production can take place.

When production starts, costs are incurred for running the
project. These are costs of labor, material, power, etc., incurred 
annually, in each of the three sectors —  mining, transportation,
and processing; these are called running costs or operating costs.

On the earning side, gross revenues or gross proceeds of a 
miner each year will be the proceeds from the sale of the processed 
metals in that year.

Before discussing profits from the project, we will distinguish 
among several concepts of profit. Gross profits are determined by 
deducting the annual operating costs and the marketing and general 
expenses from the annual gross revenues. These gross profits are 
then divided between the miner, the providers of capital (repayment
of debts and interest payments), and the taxing authorities, national
and international.

The money for the development costs in a mining project, or
for that matter in any commercial venture, is raised basically from
two sources —  from the funds of the miner or the shareholder of
the mining company and/or Lrom money lenders. The capital costs are 
thus financed by "own"funds, L.e., equity, and borrowed funds, i.e.,
debt, and the ratio in which development costs are divided between 
these two funds is called the debt-equity ratio. In general, the 
availability of funds in the hands of the mining company and those
at the disposal of the lending institutions are major determinants
of this ratio. Additionally, the more profitable and the less risky 
the project and the better the past performance or standing of the
mining company, the higher is the borrowing capacity of the mining 
company. But the servicing ot debts, i.e., repayment of debts and 
interest charges, may impose a heavy burden on the mining company 
when the debt-equity ratio is very high. Besides, lenders may consider 
the risk to be too high if they put in a very big amount for one
project. So it is not desirable, often not possible, to increase
the debt-equity ratio of a project beyond a certain point.
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Gross profits, after debt servicing and taxes, have two components, 
namely, the recoupment of the miner's own capital and net profits. 
Recoupment of the total development costs (financed by the miner 
and the lender) is usually done according to a schedule set up by 
the authorities (depreciation allowance schedule). Repayment of the 
lenders' capital has already been considered (interest payments). 
When recoupment of the miner’s own capital is taken into account,
the residual amount is the net profit, net revenue, or net income.
These are the returns on the miner's own capital. (For simplification, 
we assume that there is no working capital, depletion allowance, 
loss carried forward or investment credit.)

The profitability of seabed mining can be looked at from the
point of view of the project j s  a whole, combining the incomes of 
the miner, the lenders, and the taxing authorities: In this case,
gross profits after depreciation are the relevant amounts. But if 
we consider the miner or the mining company only and its own capital, 
net profits are the relevant amounts.

It can be seen Lhat after-tax project profitability can differ 
substantially from the miner's profitability depending on the interest 
charges. If two groups of investors invest in the project —  the 
mining company and the lending institution, the interest charges 
of the lending institutions are usually agreed to beforehand, irrespect
ive of the ex post facto profitability of the project. If the project 
yields a rate of return higher than the rate of interest, the rate 
of return on the miner's investment will include that excess. For 
example, let us assume that $200 is invested in the project, $100 
by the mining company, $100 by the lending institutions. The lending 
institutions charge an interest of 10 percent. If the project earns 
$225, both the mining company and the lenders get their money back
and the project has a rate of return of 12.5 percent.i/ Out of these
project returns of $25, the lenders are paid $10 as interest and 
$15 go to the mining company. These $15 are the income resulting 
from its $100 investment; the mining company, thus, has a rate of
return of 15 percent. This is known as the "gearing" or "leverage" 
effect of debt financing. It also has Lhe reverse effect when the 
project rate of return is less than the interest rate.

The conventional measure of the miner’s profits is the rate
of return on investment. From a project, a miner recoups his investment
and earns an income or return equivalent to an interest on his invest
ment. The rate of return is calculated by dividing net profits by

y  For a discussion on the Internal Rate of Return, see also Anil 
Gayan, "Fiscal Considerations," in this Manual.
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pre-production development expenses.

A major problem with this measure is that it does not take 
into account the timing of the development costs and the incomes 
from the project. The implied assumption is that $100 spent as develop
ment costs in the 5th year before production starts has the same 
value as $100 in the year before production. Moreover, the incomes 
after production starts also are different in different years. Thus 
the rate of return varies every year, and it is difficult to obtain 
a general idea of che over-all profitability of the project. An 
example will make this clearer. $100 invested in 1980 in two projects, 
A and B, yield returns in 1981 and 1982 as follows:

Project A Project 3

Recurn Repayment ' Return Repayment

1981 $10 —  $5 $50
1982 $10 $100 $11 $50

Just looking at the annual rate of return of 10 percent in 
1981 and 10 percent in 1982 in Project A, and 5 percent and 22 percent 
respectively in Project B, we cannot say which project is more profit
able.

A different approach is to consider the "time-value” of money 
and utilize the discounted cash flow concept of profitability. In 
this approach, we consider all the money flows to the miner or the 
mining company every year (cash inflow) and all the money flows
out from the miner or the mining company (cash outflow). Net cash 
flow is the difference between cash inflow and cash outflow. A positive 
net cash flow indicates a net cash inflow. Conversely, a negative 
net cash flow indicates a net cash outflow. In the following example 
the net cash flows for two projects are shown.

Project A Project B

Cash Flow Cash Flow

1980 -$100 -$100
1981 + $ 10 +$ 55
1982 + $110 + $ 61

Net Cash Flow +$20 +$ 16
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For a mining company, gross proceeds represent. Che cash inflow. 
Pre-production development costs, operating costs, marketing and 
general expenses, loan repayment and interest charges, and tax payments 
represent the cash outflow. IE any capital costs are incurred after 
production starts, these will also be cash outflow in the year they 
are incurred. Recoupment of the mining company's capital from gross 
proceeds thus is already included in cash flow since gross proceeds 
have been considered as cash inflow; recoupment of capital, thus, 
does not enter into cash flow separately. If we calculate from net 
income, then depreciation is added to it and debt repayment is sub
tracted from it to obtain net cash flow. Thus, net cash inflow which 
measures all the money coming to the miner after ail the expenses 
have been paid, is different from net income. It is also obvious 
that during the pre-production period, when the capital costs are 
being incurred and there are no gross proceeeds, the net cash flow 
will be negative.

The basic idea behind the discounting of cash flow is to take 
into account the fact that a dollar this year is worth more than 
a dollar next year, because the dollar this year can be used for 
consumption and people value present consumption more than future 
consumption, or because the dollar this year can earn investment 
income during the year. Conversely, a dollar next year is worth 
less than a dollar this year. Note that we are not talking about 
inflation here but are simply concerned with the preference for 
present use of money and its earning power from investment.

If, in any year, more money goes out from the miner than comes 
in, the deficit is not available to him for his use this year or 
for earning income during the year. Thus, if in the next year he 
wishes to recoup the deficit, he will do that by adding an extra 
amount over the amount of the deficit itself. Likewise, if in
any year the miner has more money coming to him chan goes out, the 
excess is available for his use this year or for earning income 
during the year. Thus next year this amount of excess appreciates.

This time value of money implies that if we are to consider 
the profitability of a project over its lifetime, the net cash inflows 
and outflows have to be augmented by a factor every year up to the 
end of the project and then the addition of these augmented amounts 
are to be compared to each other. The augmentation is done by the 
familiar compound interest rate method. Conversely, if we know the 
yearly cash inflows and cash outflows during the lifetime of the 
project, the same exercise can be done by discounting the future 
flows and bringing them to the initial year; in other words, we 
compare the present values of the net cash inflows and the net cash 
outflows occurring during the lifetime of the project.
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Let us take Project A as an example. We start with an assumed 
rate, say, 8 percent. Then, at that rate we discount all the cash 
inflows and cash outflows back to 1980 and compare the discounted 
value of cash outflows with the discounted value of cash inflows.
The miner gets $10 in 1981. What are these $10 worth in 1980, at 
8 percent rate of discount? In other words, what amount invested 
in 1980 at 8 percent rate of interest will give $10 in 1981? The 
answer is $10+1.08 = $9.26. The miner gets $110 in 1982. These are 
worth $100+1.08 = $101.85 in 1981 and $101.85 in 1981 are worth
$101.85+1.08 = $94.31 in 1980.

So if we discount the miner's inflows at 3 percent, they are 
equal to $9.26 + $94.31 = $103.57 in 1980. His outflow in 1980 is 
$100. This does not have to be discounted because it pertains to 
the present year. Thus, the present value of outflows ($100) is 
less than the present value of his cash inflows ($103.57). This
means that the project is earning more than 8 percent. We then 
assume a higher interest rate, say 9 percent, and repeat the calcula
tions as above. If we repeat the process for 10 percent, we will 
find that at a 10 percent rate, the discounted cash inflows are 
exactly equal to cash outflows. So the series of cash flows in Project 
A implies a compound rate of interest of 10 percent. This rate
is called Discounted Cash Flow - Rate of Return (DCF-ROR), or the 
project's Internal Rate of Return (IROR) - it is the rate of interest 
which makes the sum of the discounted cash inflows equal to the
sum of the discounted cash outflows. The procedure is the same when 
the series is a longer one and/or includes net cash inflows and 
net cash outflows in different years.

The DCF-ROR of a project tells us that the rate of interest 
the dollars spent on a project in different years could have earned 
is equal to the rate of interest the dollars earned in the project
yield. This, then, is a measure of the project's profitability.
It takes into account the timing of the incomes and the expenditures; 
the series of incomes and expenditures of the whole project are 
reflected in a single rate of return. The DCF-ROR of Project A can 
then be compared to the DCF-ROR of Projects B, C, D, etc. Thus projects 
can be ranked in order of investment desirability or return on invested 
capital. (Incidentally,- in our example, if we calculate the DCF- 
ROR for Project B, we will find that it is more profitable than 
Project A). Mining companies compare the DCF-ROR when selecting 
from several mining projects to invest in. In addition, the DCF- • 
R0R of a project can be compared with the opportunity cost of capital, 
i.e., the rate of interest capital could earn in the next best 
available alternative for investment. If the DCF-ROR of a project 
is less than the opportunity cost of capital, investment in that 
project is highly unlikely.
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DEVELOPMENT COSTS

Assuming a "baseline" seabed mining project ot 3 million dry metric 
tons of nodules per year for three metals, namely, nickel, copper 
and cobalt, the following situation will arise:

If the capacity is more or less than 3 million dry metric tons, 
capital costs and gross revenues will be higher or lower than in 
the "baseline case" respectively; but the capital costs at different 
scales may not be proportionately different, since there may be 
economies of scale in seabed mining, and the cost per unit of product 
may vary with larger or smaller capacities. In general, if there 
is an optimum scale of operation, unit costs are higher both at 
sub-optimal and above-optimal capacities.

In addition to the three metals, if manganese is produced, 
capital costs and gross revenues will be higher than in the "baseline 
case." The effect of manganese production on operating costs are 
assumed to be minimal.

As has been mentioned earlier, estimated figures for costs and 
revenues will be taken from the MIT "baseline case." The estimates 
are expressed in 1976 dollars.

Capital costs in the mining sector are sensitive to the number 
of mining ships used, the costs of the mining ship(s), the technical 
requirements of the pipe-handling system, and the lift system.

Although most of the consortia are planning in terms of one 
mining ship, occasional breakdowns and delay in on-sea repairs 
may necessitate a stand-by mining ship. In addition, more than one 
mining ship may be involved in production.

For example one mining system using a Continuous Line Bucket 
(CLB) makes use of two ships during operations.

The cost of the mining ship may differ depending on the country 
it is constructed in. For example, there has been some discussion 
that the U.S. seabed miners will use ships constructed in the U.S. 
where the cost of production is higher than in other ship-building 
countries.

The technical requirements ot the lift system are dependent 
on the ore-body and the mining environment characteristics —  the 
average abundance and size of the nodules, the bottom topography 
in the mine site, etc.
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In the MIT "baseline case," it was assumed that oru> lining 
ship, acquired at the world market price, will house a hydraulic 
lift system and that the lift system and the handling system will 
have certain technical characteristics; the estimated capii3* costs 
in the mining sector are $9ó m.

Capital costs in the transportation sector vary according to 
the required capacity of the ships and the availability of requisite 
port facilities, among other things. On the basis of reasonable 
assumptions regarding these parameters, the capital costs in the 
transportation sector are estimated as $55 m.

Capital costs in the processing sector will depend on the pro
cessing technology selected, the development of utility facilities, 
the costs of the site and building construction and the establishment 
of waste disposal facilities. Again, on the basis of reasonable 
assumptions, the capital costs of a processing plant on the West
Coast of the USA are estimated at $342 m. As mentioned earlier, 
if manganese is processed, there may be an additional capital cost 
of $80 m. For a processing plant with 1 million dry metric tons 
capacity, Tinsley estimated capital costs to be $120 m.

The treatment of prospecting and exploration (P + E) costs
and research and development (R D) costs as development costs 
for a particular mining project is not unambiguous. Prospecting
may identify several mine sites, and so the costs may have to be 
allocated to several mining projects. Similarly R + D of mining 
and processing technology benefit a number of projects. In some
cases, P + E and R + D costs are written off against the existing 
operations of a mining company. This accounting problem aside, according 
to the MIT "baseline case," the prospecting and exploration costs 
are estimated to be $16 m and the research and development costs 
$50 m.

o.

OPERATING COSTS

Operating costs in the mining sector will vary according to the 
collecting and lifting efficiency of the lift system, performance 
of the pipe handling system, labor and energy costs, and number of 
work days in a year, among other things. On the basis of reasonable 
assumptions about these factors and others, annual operating costs 
in the mining sector are estimated to be $21 m.

Distance of the port from the mine site and the crew costs 
are the two important factors which give rise to variations in the
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and to labor costs. While two basic processing techniques, pyro-
meta1lurgica1 and hydrometallurgical, are being developed currently, 
most of the consortia are leaning toward the latter technique. The 
hydrometallurgical technique uses comparatively more chemicals and 
less energy than the pyrometallurgica 1 technique. Labor costs vary 
substantially from country to country. On the assumption that a
hydrometallurgical technique involving reduction roasting and ammonia 
leaching will be applied, and US labor will be employed, plus a 
number of other assumptions, the operating costs in the processing 
sector are estimated as $64 m. per annum.

6.
GROSS REVENUES

The metals contained in the manganese nodules are recovered and
sold at market prices to earn gross revenues. The estimates of gross
revenues are thus dependent on metal content, recovery efficiency, 
and metal prices. There is a considerable controversy concerning 
each of these factors. Estimates of combined nickel and copper content
vary from 1.8 percent to 3.5 percent. Recovery efficiency for nickel
and copper may vary from 80 to 95 percent. There are many sets of 
price forecasts for nickel, copper, and cobalt, some as projections 
from past price movements, some as results of multi-factor sectoral 
or inter-sectoral modelling. Metal prices, particularly for copper 
where there is no price leader or dominant producer, are extremely
difficult to forecast on an annual basis. Price forecasts by projection 
or modelling do not capture the volatile swings in the metal markets. 
Where these forecasts are most useful is in helping to determine
medium and long-term average prices.

In the MIT "baseline case," the following assumptions were
made :
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Metal Metal content in nodules Recovery efficiency Price per

Nicke 1 1.5 % 9 5% $4,000
Copper 1.3% 95% $1,420
Cobalt 0.24% 60% $8,000

met rie

Thus, every
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year 3 million 
nickel (1.5% of 
11 be recovered 
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all three processe

metric tOils of nodules w i 11 contain
3 m tons) of which 42,750 (95% of
through the procès sing technique;

tons at $4,000 per ton ). Likewise,
It will 1earn $34.6 m. Gross proceeds
d metals will be $258 .2 m.

CASH FLOW AND PROFITABILITY

We have so far presented estimates of 
costs, and gross revenues of a seabed 
particular set of assumptions. These are 
table. It is important to remember that 
of magnitude; with varying assumptions, 
of estimates would be obtained.

development costs, operating 
mining project based on a 
summarized in the following 
these represent only orders 
an entirely different set

Development Annual
Costs Ope rating Costs Gross revenues

Prospecting and Exploration $ 16 m )
Research and Development $ 50 m )
Mining $ 96 m $ 21 m ) $ 258 m
Transportât ion $ 55 m $ 15 m )
Processing $342 m $ 64 m )
Total $559 m $100 m

In order to obtain estimates of cash flow of a seabed mining project,
we need estimates of marketing and general expenses, amounts of 
repayment and interest charges of borrowed capital, capital costs 
after production starts, and tax payments. Net cash flow is derived 
by subtracting the cash outflows —  operating costs, marketing and 
general expenses, interest payments and loan repayments, annual 
capital costs and taxes —  from the cash inflows —  gross revenues. 
Furthermore, we have to assume the timing of the inflows and the 
outflows so that a series of annual cash flows over the lifetime 
of the project can be presented.

: ton
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In the "baseline case," the life time of the project is 
divided into two parts —  the pre-production period extending from
the 1st year to the 5th year, and the production period extending 
from the 6th year to the 30th year. Within the pre-production period, 
prospecting costs ($2 m of the $16 m required for prospecting and
exploration) are divided equally between the first and the second 
year, exploration costs of $14 m are divided equally between the
3rd and the 4th year, research and development costs of $50 m are 
divided equally between the 1st and the 2nd year, and, finally, 
the capital costs of $493 m are divided equally between the 3rd,
4th, and 5th year. Operating costs, marketing and general expenses 
(estimated to be $8 m) occur every year during the production period. 
Interest payments, loan repayments, and annual capital costs after 
production starts take place for a period of 13 years between the 
3rd year and the 15th year. Taxes are paid every year starting from 
the 8th year till the end of the project. Cross proceeds are earned 
during the production period which starts at the 6th year.

The details of the timing are spelled out because timing is 
an important factor in determining the discounted values of the 
inflows and the outflows, and therefore, in the calculation of DCF- 
ROR. The longer the pre-production period and the heavier the capital 
costs in the earlier years, the more is the weight given to the 
outflows. By the same token, delays occurring after the expenses 
have been incurred augment the value of the outflows. It is argued
that the pre-production period for the first seabed mining ventures 
may be longer than 5 years. It is also claimed that the first ventures 
may not be able to operate at full capacity during the first few 
years of the production period and thus full gross proceeds will 
be realized at a later time, thereby reducing the weight of the 
inflows. Furthermore, if prospecting, exploration, research and 
development costs are not written off, these outflows will gain 
more weight the longer the waiting period for setting up the operation. 
Similarly, heavy debt financing and tax payments in the beginning 
of the production period will reduce the value of the not cash inflows.

Estimates of interest charges and loan repayments are dependent 
on the debt-equity ratio and the terms and conditions of the loans. 
Assuming a debt-equity ratio of 1:1, i.e., 50 percent of the capital
costs are financed by borrowed money, a particular repayment schedule 
and an interest rate of 10 percent, and a particular schedule of 
capital costs during the production period (which are assumed to 
be minimal), the loan repayment, interest charges and capital costs 
incurred after production starts are estimated for the baseline 
case as shown in column 5 of Table l.
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Terms and conditions included in the tax system determine the 
tax payments. Payments by seabed miners to the International Seabed 
Authority and the relationship of these payments with the tax payments 
to the national authorities are being negotiated at the moment. 
The figures in column 6 of Table I are presented solely for the 
purpose of illustrating the calculation of cash flow. These figures 
are taken from the MIT "baseline case;" the MIT group derived these 
figures on the basis of the existing tax and incentive structures 
of the USA. Obviously, these figures will have to be changed in 
view of the issues stated above. Furthermore, tax and incentive 
structures are different in different countries.

The discounted cash flow rate of return calculated from the 
series of cash flow given in Table 1 comes to 18.1 percent. A different 
series of cash flows derived from a different set of underlying 
assumptions will yield a different DCF-ROR. In the next section, 
we will attempt to indicate the important assumptions which, when 
varied, lead to substantial variations in DCF-ROR.

8 .
VARIATIONS

As has been mentioned throughout this chapter, the financial picture 
of seabed mining is based on estimates, and estimates vary according 
to the assumptions made in arriving at them. The figures presented 
in the preceding sections are based on a particular set of assumptions. 
It is necessary to see what the extent of the impacts are when assump
tions are varied. Through a sensitivity analysis, i.e., varying 
underlying assumptions and comparing the results, the MIT group 
tried to pinpoint the major factors causing substantial variations.

Variations in gross revenues have the largest impact on the 
rate of return, and since metal content, rate of production, and 

pricesmetal prices are 
assumptions about 
the profitability 
to be 25 percent 
by 8.6 percent. If 
DCF-ROR is raised 
be 25 percent lower 
5.4 percent and 4.3 
copper metal content 
percent, the DCF-ROR 
annually 2.5 million 
of 3 million metric tons, 
does not take place at

the major determinants of gross revenues, varying 
these factors have the most important impact on 
of seabed mining. If gross revenues are assumed 
lower than the "baseline case," DCF-ROR is reduced 
gross revenues are assumed to be 25 percent higher, 
by 6.3 percent. If nickel prices are assumed to 

or higher, DCF-ROR is reduced or increased by 
percent respectively. If the combined nickel- 
is assumed to be 2.0 percent rather than 2.8 
decreases by 7 percent. If it is assumed that 
metric tons of nodules are processed instead 

DCF-ROR is lower by 2 percent. If production 
full capacity during the first few years,
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Table I

Cash Flow in a Hypothetical Seabed Mining Project (mill ion 1476 US do ila rs )

(1) (2) (3) (4) (5J (6) (7)

Year Gross Operating costs Prospecting and interest, loan Tax Cash flow
proceeds and marketing Exploration, repayment and

and general R+D and capital capital costs
expenses costs'* in pre- in production

production period period

1 0 0 1 + 0 + 2 5 + 0 0 0 -26
2 0 0 l + 0 + 2 5 + 0 0 0 -26
3 0 0 0 + 7 + 0 + 82 8 0 -97
4 0 0 0 * 7 + 0 + 82 16 0 -105
5 0 0 0 + 0 + 0 + 82 25 0 -107
6 258 108 0 ¿40 0 110
7 258 108 0 40 0 110
3 258 108 0 40 9 101
9 253 108 0 40 19 91
10 258 103 0 40 34 76
11 258 108 0 40 46 64
12 258 108 0 40 49 61
13 258 108 0 40 51 59
14 258 108 0 40 53 37
15 258 108 0 40 55 55
16 258 108 0 0 60 90
17 258 108 0 0 60 90
18 258 108 0 0 60 90
19 258 108 0 0 60 90
20 258 108 0 0 68 82
21 258 108 0 0 68 82
22 258 108 0 0 68 82
23 258 108 0 0 68 82
24 258 108 0 0 69 81
25 258 108 0 0 69 31
26 258 108 0 0 69 81
27 258 108 0 0 69 31
28 258 108 0 0 69 81
29 258 108 0 0 69 81
30 258 108 0 0 77 73

* Debt-equity ratio is 1:1. Hence, 50 percent of capital costs of $493 m in mining, 
transportation and processing ($246 m) are provided by the mining company.
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for example, if a slow st.art.-up for the first two years allows pro
duction at 70 percent and 85 percent of capacity respectively, DCF- 
ROR is reduced by 2 percent.

The next largest impact on profitability results from the
variations in assumptions about capital costs and operating costs. 
If capital costs are assumed to be 25 percent higher than in the 
"baseline case," DCF-ROR is lowered by 3 percent. If operating costs 
are assumed to be 25 percent higher, DCF-ROR decreases again by
3 percent.

Assumptions regarding the timing of the development costs introduce 
important variability. If it is assumed that production starts two 
years after capital costs have been incurred, DCF-ROR decreases 
by 5.3 percent. If it is assumed that the operation is set up during 
the 5th, the 6th, and the 7th year, instead of during the 3rd, 4th, 
and 5th, DCF-ROR reduces by 1.1 percent. The combined impact of
these two assumptions is a reduction of 5.8 percent in the DCF-ROR.

Assumptions about the debt-equity ratio leads to important 
variations in profitability. If a debt-equity ratio of 2:1 is assumed 
instead of 1:1, DCF-ROR is raised by 1.4 percent. On the other hand, 
if it is assumed that the project is financed wholly by equity, 
DCF-ROR is reduced by 2.7 percent.

Among the components of capital costs, construction costs of
ships and costs of processing equipment introduce important variability. 
For example, if the latter is assumed to be 25 percent higher, DCF-
ROR is lowered by 1.3 percent.

Assumptions about most of the other components of capital costs 
and operating costs have relatively minor impact to the extent of 
changing DCF-ROR by 1 percent or lower.

It is important to note that this type of sensitivity analysis 
involves the change of a single parameter or assumption at a time 
—  all others being kept constant. If more than one assumption is 
different, the combined effect may be quite substantial. Additionally, 
the impact of these changes on the cash flow may be quite significant 
while that on the DCF-RCR is small. Finally, there may be some factor 
changes which have not been evaluated.

So far we have concentrated on variations centering on a "baseline 
case." Estimates made by different authors may also give an idea 
of the order of magnitudes involved in any evaluation. Obviously, 
each of these sets of estimates involve a different set of assumptions. 
The following table summarizes the cost estimates made by various 
authors as mentioned earlier:
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Moncrieff/Smale Adams Wright Tinsley* Shaw
(1974) (1976) ( 1977) ( 1977)

Prospecting, Exploration $105 m 
Research & Development

$125 m $ 80 m $ 90 m

Capital costs in mining $440 m 
Transportation and processing

$565 m $ 166 m $511 m

Operating costs in mining $135 m 
Transportation and processing

$165 m $ 79 m $200 m

* Capacity of L m dry metric tons of nodules.

Additionally, based on the data available to them, the Aachen 
University - Battelle Institute group estimates capital costs and 
operating costs to be higher than the MIT "baseline case" by 75. to 
100 percent. For the first seabed mining ventures by the existing 
consortia, the MIT applies a diiforent set of assumptions and estimates 
development costs and operating costs to be 50 to 75 percent higher.

9.

THE ENTERPRISE

The preceding pages may give some idea about the order of magnitude 
of the potential costs, revenues and profits of a seabed mining 
project. It will be interesting to see how these financial considera
tions are dealt with in the negotiations in the Law of the Sea Confer
ence with regard to the operations of the Enterprise, the operational 
arm of the International Seabed Authority. The following is a summary 
of the results of the negotiations up to the present time regarding 
the financing of the development costs of the first mining project 
of the Enterprise.

One of the implicit understandings in the Conference is that 
the States will guarantee the necessary development costs for the 
first operation of the Enterprise. Development costs can be met 
by "own" funds, i.e., funds at the disposal of the Enterprise, and 
by borrowed funds, i.e., loans taken from commercial or similar 
sources.

States will provide "own" funds for the Enterprise. One group 
argued that the Enterprise can obtain all the funds it needs by 
borrowing. Thus "own" funds can be minimum. Another group contended 
that the ability to borrow from commercial sources depends on the 
extent of "own" funds, and besides, the more loans the Enterprise 
makes, the higher will be the costs of servicing those loans; this
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group would like a high amount, of "own" funds. As a compromise, the 
Chairman of the Negotiating Group dealing with this issue proposed 
a 50:50 division between "own" funds and borrowed funds (1:1 debt- 
equity ratio).

The "own" funds will be contributed by the States in accordance 
with the UN scale of assessment as interest-free loans, to be paid 
back by the Enterprise at a later time.

In order to help the 
the investment funds from 
debt guarantees (guarantees 
if the Enterprise is unable 
scale of assessment.

Enterprise to raise the other half of 
commercial sources, States will provide 
that the States will pay back the loans 

to), again in accordance with the UN

10 .

CONCLUSION

White financial considerations are major factors in the commencement 
and development of seabed mining, no precise figures of costs, revenues, 
and profits are available. It is expected that with time, technological 
and geological parameters will be more clearly defined. Exploitation 
of seabed resources will, of course, have to take into consideration 
not only the direct financial costs and benefits, but aiso the indirect 
and long-term costs and benefits, both from the private and tbe 
social (including national and international) points of view. Private 
companies, in addition to evaluating costs and revenues, will be 
interested in the possibility of long-term market position, diversi
fication of mining operations, diversification of investment and 
pioneering of technology development, for example. The social benefits 
in terms of a new source of metal supply, transfer of technology, 
and international cooperation, to mention a few, will also be important 
factors.
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SUMMARY

Since commercial seabed mining has not taken place yet, the economic 
aspects of a seabed mining project are portrayed by estimates. Estimates 
vary according to the assumptions and the values assigned to the 
factors determining the financial variables.

Financial variables, namely capital costs, operating costs,
gross revenue, net revenues, cash flow, etc., are explained in
simple terms and the framework within which financial variables 
are considered by the seabed mining companies is described in a 
stylized fashion.

In order to give an idea about the order of magnitudes of the 
financial variables, and to highlignt the important factors that 
determine financial variables, estimated figures based on a particular 
set of assumptions are presented. These estimated figures are taken 
from the published figures for a hypothetical "baseline case" of 
a seabed mining project, prepared by a group of independent academic 
researchers at the Massachussetts Institute of Technology (MIT), 
Cambridge, Mass., USA.

The factors that can introduce major variations in the estimates 
are pinpointed and some idea of the extent of variations, as well 
as estimates by other authors,is given.

A brief summary of the current state of negotiations in the 
Law of the Sea Conference concerning the method of financing a seabed 
mining project of the Enterprise concludes the chaoter.



QUESTIONS

There seems to be a considerable variation in the estimates 
of the financial variables of a seabed mining project- Under 
these circumstances, now will investment decisions be made?

Is the future exploitation of seabed resources entirely dependent 
on financial considerations? Briefly discuss all other pertinent 
issues.

3. Given the estimates of capital costs 
how, in your view, will the money 
prospective seabed miners?

of a seabed mining project, 
be actually raised by the

U' What are the significances of the concept "cash flow"?
would the cash flow of the mining company and the cash fl(

How

of the project differ? What are the 
ference?

significances of this dif-

5. What measures 
have the best 
the impacts of 
may pursue.

would you suggest so that the Enterprise will 
possible financial performance. Briefly discuss 
these measures on other objectives the Enterprise
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WORKERS IN DEEP-SEA MINING 

AND

THE INTERNATIONAL LABOUR ORGANISATION (ILO)

INTRODUCTION

The purpose of this chapter is not to give a full and comprehensive 
illustration of ILO principles and standards; it is merely to give 
an idea as to how the workers invoLved in seabed mining can use
the International Labour Organisation, its activities and structure 
to promote their conditions, safety, and health.

There are, basically, two categories of workers: those working
in off-shore installations and those working on the ships which
are at the service of the installations. The latter are seafarers
in all circumstances and, as such, the international maritime Conven
tions and Recommendations adopted by the ILO during the sixty years
of its existence are fully applicable to them. The former are still
in an in-between situation: in certain cases they are considered
as seafarers, in others they are considered as industrial workers.
The unions in industrialized countries have not yet arrived at an 
agreement on this question, but the trend seems to be that those 
workers who are employed on mobile platforms and who are active,
at least for some part of their time, in navigational casks, are
considered as seafarers; the others —  those employed in fixed platforms 
and installations and those employed in mobile platforms working 
on tasks not having a maritime character —  are considered as industrial 
workers.

The distinction may have more than an academic relevance, since 
maritime Conventions and Recommendations are applicable, generally 
speaking, only to seafarers, while industrial workers are covered 
by the general instruments of the ILO which are often less favorable 
to workers than the maritime instruments.

This introduction does not give any definite indication of
the type of instruments applicable, at least to a section of the
persons working in this field. The following considerations relate
to both the categories mentioned above, namely seafarers and industrial 
workers. While it is true that the workers employed in off-shore
installations enjoy considerable advantages as far as leave is concerned 
(although there is no general rule in this respect, the contracts
in force generally contain provisions for frequent shore leave),
life on board these installations is particularly hard. For long 
periods of time these workers are separated from all types of social 
life; they are isolated in a hostile environment; the only exchanges 
they have are with their fellow workers, and there is no possibility
to change environment. In a way the kind of life they live during
their working period is very similar to that of seafarers engaged
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that when dealing with 
course of the present

for this reason 
mining in the

be made between seafarers and industrial 
workers although, as mentioned before, different international provi
sions may apply to the two categories.

on ocean-going ships. It is 
workers engaged in deep-sea 
chapter, no distinction will

HISTORY OF THE ILO

review of the 
structure and 
1919 to bring 
united action

Before dealing with international standards, a brief 
origin of the International Labour Organisation, its 
its activities is in order. The ILO was established in 
governments, employers and trade unions together for 
in the cause of social justice and higher living standards everywhere. 
It is an intergovernmental agency, but has the fundamental character
istic of being tripartite in structure. In fact its meetings, committees 
and conferences are attended not only by Government delegates, but
also by delegates representing employers and workers. Because of 
this tripartite structure, the ILO is more deeply affected than 
the other institutions by the serious conflicts which divide the 
world of today. It is not only political differences between nations 
which appear in meetings of the International Labour Organisation, 
but also differences between the social categories. This is why
agreements are more difficult to reach in the International Labour
Organisation than in other organisations, and why agreements reached 
here have a more important bearing and a greater impact.

At the end of World War I. statesmen attending the Versailles
Peace Conference considered that by advancing the cause of social 
justice they could contribute to the establishment of universal
and lasting peace. This was the principle which inspired the drafting 
of the Constitution of the International Labour Organisation which, 
with certain amendments, still remains the charter under which the
ILO works. The most important addition to the Constitution accrued
from a document known as the "Declaration of Philadelphia." Drafted
at the 1944 Session of the International Labour Conference held in 
that city, this Declaration gives the Organisation a more dynamic 
concept. It proclaims the right of all human beings "to pursue both 
their material well-being and their spiritual development in conditions 
of freedom and dignity, in economic security and equal opportunity." 
The ILO's motto —  "poverty anywhere constitutes a danger to prosperity 
everywhere" —  is taken from this document.

The International Labour Organisation was the only League of 
Nations body to survive the chaos of Lhe Second World War. In 1945, 
it became the first specialized agency associated with the United 
Nations. It has, ever since, been recognized within the United Nations
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family as having special responsibility for social and 
The number of member countries at present is 134.

1abor quest ions.

INTERNATIONAL LABOUR CODE

The main task assigned to the ILO at the outset was that of improving 
the conditions of life and work by building up a comprehensive code 
of law and practice. The Organisation’s founders felt —  and experience 
has shown them to be right —  that standards laid down through the 
joint efforts of governments, management, and labor would be realistic, 
solid and universally applicable. This standard-setting function 
is one that the International Labour Organisation still performs 
with conspicuous success. The number of international labor instruments 
adopted by the International Labour Conference since 1919 has now 
reached 312 (151 Conventions and 161 Recommendations). A Convention 
is a legal instrument, regulating some aspect of labor administration, 
social welfare, or human rights; it is conceived as a model for 
national legislation. A Recommendation is similar to a Convention 
except that it is not subject to ratification. Both define standards 
and constitute guides to national action, but, in addition, a Convention 
creates binding obligations by virtue of its ratification by member 
States. The ILO to date registered 4,641 ratificationsof its Conventions.

The range of matters covered by ILO Conventions is vast: from 
hours of work to radiation protection; from survivors' insurance 
to fishermen's articles of agreement; from migration for employment 
to holidays with pay. Particular interest is given to the Conventions 
for the protection of basic human rights: these are concerned with
freedom of association and collective bargaining, abolition of forced 
labor, and the elimination of discrimination in employment.

The International Labour 
on the way Governments are ca 
ratified Conventions. Permanent 
and cases of dereliction are made

Organisation keeps 
crying out their 
machinery exists 
part of the public

a vigilant eye 
obligations under 
for this purpose 

record.

Taken together, the Conventions and Recommendations form the 
International Labour Code. The standards embodied in the Code represent 
a common pool of accumulated experience available to countries 3t 
all stages of development. As it now stands, the Code is an internation
al corpus juris of social justice. It has been, and will remain, 
one of the main formative influences on the development of social 
legislation throughout the world.
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STRUCTURE AND FUNCTIONS OF THE ILO

The structure of the ILO is based on three fundamental organs: the 
International Labour Conference, the Governing Body, and the Inter
national Labour Office. The Conference is the general assembly of 
the member States of the Organisation. It meets at least once every 
year and is composed of national delegations, each including two 
Government delegates, one Employers' and Workers' delegate and a 
number of experts and advisers. It is the Conference which adopts the 
international instruments which lay down international minimum standards 
in connection with conditions of work and Life.

The Governing Body determines the lines of action of the Organi
sation by fixing, for example, the agenda of the Conference and directing 
the work of the International Labour Office. It is composed of 28 
Government members, 14 Employer and 14 Worker members and meets 
three or four times per year.

The International Labour Office is the permanent secretariat 
of the Organisation. It is, at the same time, the organ charged with 
Lhe execution of the decisions of the Conference and the Governing 
Body, the documentation center, and the workshop where the ideas 
and projects to be submitted to the different organs of the Organisation 
are first elaborated.

What are the methods used by the International Labour Office 
to fulfil the obligations which the Constitution assigns to it in 
the labor field? The ILO carries out its activities in three different 
directions: standard-setting, study and discussions of problems, 
and technical cooperation. These three terms require some explanation. 
Standard-setting is the activity relating to the adoption of inter
national instruments. This has already been mentioned. The "study 
and discussion of problems” means that activity which consists of 
studying certain specific problems and finding solutions which are 
communicated to the parties concerned, although no obligation exists 
for them to apply these solutions. There are many such activities: 
documentation and research work, publications, replies to requests 
for information, inquiries, surveys, regional conferences, industrial 
committees and other tripartite meetings, committees of experts, 
etc. Finally, the third type of ILO act ivity is technical cooperation.

Considering the principles which have always inspired its action, 
the ILO could not stand aside from the great challenge of underdevelop
ment in the world. It has, therefore, joined with the other organi
zations of the United Nations family in a concerted attack on hunger 
and poverty. Even in pre-war days, the ILO had sent advisory missions
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co help Governments with specific labor or social problems. But large- 
scale operational programmes are a post-war development. Rapid ex
pansion in this area began with the inception of the United Nations 
Expanded Programme of Technical Assistance in 1950, and this trend 
received further impetus with the establishment of the United Nations 
Special Fund in 1959. The ILO also provides an increasing amount 
of technical assistance under its own regular budget.

Many of the ILO's technical cooperation projects are in the 
field of training. This is not surprising, for the basic problem
in many of the developing countries lies in the disparity between 
a great abundance of manpower and an acute shortage of modern skills. 
The ILO also provides assistance in such fields as management develop
ment and productivity, cooperatives and smail industry, social security, 
vocational rehabilitation, occupational safety and health, workers' 
education, labor-management relations and labor conditions and administ
ration. Within the Second Development Decade the ILO has put emphasis 
on the World Employment Programme, which is designed to assist Govern
ments to make the best use of the human resources available and
to increase employment opportunities, especially in developing coun
tries.

5.

MARITIME ACTIVITIES

When the first International Labour Conference was held in Washington 
in 1919 and a Convention was adopted to limit industrial labor to 
eight hours per day, the problem arose as to whether this Convention 
should also apply to seafarers. Different opinions were expressed 
by various delegates, and the Workers' delegates stated that conditions 
of work of seafarers were so different from those of all other workers 
that it would be impracticable to apply to them an instrument intended 
for shore workers. They proposed, therefore, that a special organisation 
be established, independent from the ILO and designed to deal with 
problems of seafarers. This proposal was discussed at length and 
finally the decision was reached that no special organisation should 
be set up, but that a special department within the International
Labour Office should be created, having responsibility for conditions 
of work of seafarers. It was also decided that special maritime 
sessions of the Conference should be convened to deal with seafarers' 
problems and that a bipartite commission, the Joint Maritime Commission, 
should be charged with the responsibility of selecting the problems 
to be submitted to the maritime sessions of the Conference and of 
carrying out a first discussion of those problems.
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One may ask why maritime questions ar-e dealt with by the ILO
in such a special way: There are several reasons. First ot all there 
are no frontiers to maritime navigation; every sea in the world 
is open to international commercial shipping. The only way to meet 
competition is to offer good transport services at reasonable cost. 
It is not surprising then that the ILO should have been, from the
start of its activitv, concerned with international standards for 
men in the merchant marine. Another reason which led the ILO to
deal with seafaring problems in a special way was the unfavorable
working conditions of seafarers at the beginning of ILO activity 
in this field in 1920. It is true that the conditions of employment 
were not bad everywhere and certainly not in the most advanced maritime 
countries. Nevertheless it is also true that in many countries, 
in the first quarter of the century, seafarers entered into agreements 
about which they knew nothing; the selection for engagement was 
carried out by intermediaries whom the seafarers had to pay; young 
persons were allowed to work on board ships and often suffered hardships; 
hours of work were very long, up to hours or more per week; wages 
were low; no welfare facilities existed either aboard ship or ashore; 
food and accommodation were often of very poor quality; seafarers
were sometimes signed off in a foreign port, without money and they
were not entitled to repatriation. This situation required quick 
and drastic improvement. It is not claimed that the improvements 
which actually took place immediately after World War I were due 
only to ILO action. However, it is necessary to explain why the ILO
felt that there was an urgent need to take some measures to improve
the situation and that ILO activities strongly contributed to this 
improvement.

What has the ILO done in this sphere and what means has it
employed? As already stated, the organs which deal with seafarers
are separate from those dealing with other workers. The two main
organs for maritime problems arc the maritime sessions of the Inter
national Labour Conference and the Joint Maritime Commission. Details
concerning these special bodies are the following. The Joint Maritime 
Commission is a bipartite body composed of 18 Shipowner members
and 18 Seafarer members, plus a representative from the Employers' 
side of the ILO Governing 3ody and one from the Workers" side. The
Chairman is the Chairman of the Governing Body. The Commission has
held 22 sessions, and the next will take place this year in October. 
Its main task is to consider the maritime programme of the ILO in
detail and make suggestions as to how this programme is to be im
plemented .

After having been selected and preliminarily discussed by the 
Joint Maritime Commission, the questions connected with conditions
of seafarers are then submitted to the Governing Body. Maritime 
sessions of the Conference are usually held at intervals of 10 to



269.

12 years and adopt international instruments which are applicable 
specifically to seafarers. In the course of its eight maritime sessions 
(and of two ordinary sessions, in 1923 and 1949, when maritime questions 
were exceptionally considered), the Conference has adopted 32 Con
ventions and 25 Recommendations covering many aspects of conditions 
of employment of seafarers. They include social security, welfare, 
certificates of competency, food and catering, accommodation on board, 
minimum age, medical examination, repatriation, vocational training 
and many others.

Details of the many international instruments which form the 
so-called International Seafarers' Code are beyond the scope of
this chapter. However, there is a recent instrument which will be 
described in greater detail. This is Convention No. 147 concerning 
Minimum Standards in Merchant Ships, adopted at the 1976 Maritime 
Session of the International Labour Conference. This Convention 
contains provisions aimed at ensuring that social conditions and 
safety of crews in merchant vessels are up to the standards generally 
accepted in traditional maritime countries and incorporated in a 
number of international Conventions and Recommendations. The idea 
of adopting a Convention on this question arose many years ago, 
when it was realized that on board many ships flying the so-called 
"flags of convenience," conditions were not in conformity with accepted 
standards, from the point of view both of safety and of conditions 
of employment. During the discussions leading to the adoption of 
the Convention, it was decided that this problem concerned not only 
ships flying flags of convenience, but also ships flying the flags 
of traditional maritime countries so that, while many vessels sailing 
under flags of convenience were in good safety and labor conditions, 
under other flags there were vessels in sub-standard condition. 
This is why this Convention now concerns all ships which are sub
standard.

According to Convention 147, every ratifying country undertakes 
to have laws or regulations laying down for its ships,safety standards, 
including standards of competency, hours of work and manning so
as to ensure the safety of life on board ships, appropriate social 
security measures, and shipboard conditions of employment and shipboard 
living arrangements. The provisions of these laws or regulations 
shall be substantially equivalent to the Conventions mentioned in 
the Appendix to Convention 147 (we shall see later what these Con
ventions are). Convention 147 also contains provisions aimed at 
ensuring that the laws or regulations mentioned above are effectively 
implemented, in certain cases, by appropriate control measures to 
be agreed upon between shipowners' and seafarers' organisations.

An important provision of the Convention is Article 4, which 
lays down that "if a Member which has ratified the Convention and
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of its business 
obtains evidence 
this Convention, 
report addressed

in whose port a ship caiLs in the normal course 
or for operational reasons, receives a compLaint or 
that the ship does not conform to the standards of 
after it has come into force, it may prepare a 
to the Government of the country in which the ship is registered, 
with a copy to the Director-General of the International Labour 
Office, and take measures necessary to rectify any conditions on 
board which are clearly hazardous to safety or health.” This provision 
constitutes a breakthrough as regards the traditional maritime inter
national law: it gives the State of the port a power to verify that 
a vessel which calls at the port, no matter what flag it flies, 
is in conformity with labour and safety standards generally accepted. 
This Convention requires, for entry into force, ratification by 
ten countries with a total share in world shipping gross tonnage 
of 25 percent. At the present time seven countries have ratified, 
with a total tonnage of 22 percent of the total world tonnage. It 
is expected that the Convention will enter into force in the near 
future.

The following is a list of Conventions included in the Appendix 
to Convention 147:

Minimum Age Convention, 1973 (No. 138), or Minimum Age (Sea) Convention 
(Revised), 1936 (No. 58), or Minimum Age (Sea) Convention, 
1920 (No.7);

Shipowners' Liability (Sick and Injured Seamen) Convention, 1936 
(No. 55), or Sickness Insurance (Sea) Convention, 1936 (No.56), 
or Medical Care and Sickness Benefits Convention, 1969 (No. 
130);

Medical Examination (Seafarers) Convention, 1946 (No. 73);

Prevention of Accidents (Seafarers) Convention, 1970 (No. 134) (Articles 
4 and 7);

Accommodation of Crews Convention (Revised), 1949 (No. 92);

Food and Catering (Ships' Crews) Convention, 1946 (No. 68) (Article
3);

Officers' Competency Certificates Convention, 1936 (No. 53) (Ar
ticles 3 and 4);

Seamen's A r t i c l e s  oL Agreement Convention, 1926 (No. 23);

Freedom of Association and Protection of the Right to Organise Con
vention, 1948 (No. 37);
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Right to Organise and Collective Bargaining Convention, 1949 (No.98).

These Conventions, taken together, constitute a set of minimum 
standards in connection with conditions of life and work on board 
ship, including social securicy provisions, the competency of officers 
and prevention of accidents. It is to be hoped that, when the Convention 
is in force, the number of ships which are in sub-standard condition 
will sharply diminish.

6.
CONCLUSION

The present chapter deals only with the present situation of the 
ILO's standard-setting activities in the maritime field. It leaves 
aside all standards which are not maritime standards but apply to
all workers and therefore to those workers indicated at the beginning 
of this chapter as industrial workers. It aiso leaves aside aLl 
the prospectes which may exist for future iLO activity in the field 
of training, which could become an important component of the over
all training provided to the workers and administrations of deep- 
sea mining in developing countries.

No mention was made either of the possible establishment of 
international standards in the specific field of deep-sea mining; 
these could be safety and health standards, standards relating to 
conditions of employment which should include hours of work, holidays, 
repatriation, minimum age, medical examination, accommodation and 
all those other standards which should constitute a set of norms
applicable to the special category of workers in deep-sea mining. 
These standards are still being studied in the ILO, and so tar no
definite conclusion has been reached as to the desirability of adopting 
special standards for these workers or to apply to them the existing 
standards, maritime or general.

It is hoped, nevertheless, taking into account the limited 
scope of this chapter, that it provides some information which may
be useful in the day-to-day work environment.
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QUESTIONS

1. ILO Conventions and Recommendations 
instruments. Fields covered. Application 
to deep-sea mining personnel.

Fields covered. Maritime 
of maritime instruments

2 .
app 1 ied

Procedure to verify 
(Article 22 of the ILO

that a ratified 
Const itution).

Convention is actually

3. Are international labor instruments of the ILO applicable 
to vessels and installations belonging to the A.uthority (not flying 
any national flag)? Possible amendments to the present consolidated 
text to introduce this concept.

4. What areas of employment of 
industrial workers on the other side are 
labor legislation?

seafarers on 
not covered by

one side and 
internat iona1

5. Discussion on 
to participants.

Conventions and Recommendations available

3. The 
governmenta1 
to be learned

ILO
and
for

is an organisation combining in a 
nongovernmental activities. Is 

the International Seabed Authority?

unique way 
there any

inter
lesson

6. Are there other aspects of the ILO Constitution (structure, 
functioning —  in particular, standard-setting, verification, enforce
ment) that might offer useful precedents for the functioning of 
the International Seabed Authority?

7. How could coordination and cooperation be improved between 
the ILO maritime institutions and other bodies within the U.N. family 
of organisations concerned with shipping (IMCO, UNCTAD)? Between 
the bodies concerned with shipping and those concerned with other 
marine activities?
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A MINI-CASE IN ECONOMIC FEASIBILITY

THE SETTING

For centuries 
ultimate and 
mankind could

the oceans ot the world have been regarded as the 
inexhaustible reservoir of natural resources to which 
turn in times of need. To date the land and shallow 

water areas have been able to supply most ot our needs and, in spite 
of gloomy forecasts by various individuals and groups, including 
Malthus and the Club of Rome, it appears quite capable of being 
able to do so for some time to come —  always assuming its ability 
to provide is not abused. Unfortunately, due to various reasons, 
man seems to be unable and/or unwilling to cooperate with his fellow 
man and consequently the tapping of this reservoir seems to raise 
more problems than it eventually may solve.

The position we find ourselves in today is one in which the
users of mineral products, the developed and industrialized nations,
are finding themselves more and more dependent on other nations 
for their supply of raw materials and consequently for their economic 
well-being and survival. On the other hand, the mineral producing 
countries, especially the countries in the developing world who
rely heavily on the export of minerals to provide the necessary 
economic development, find the value of their products tied to the
fluctuating economies of the consumer countries. If man were a logical 
and rational being, this situation would encourage cooperation - 
- exchange of technical expertise, participation of developing countries 
in international economic decision-making, and diversification of 
their industries. This is not the case, however, and each nation 
or group is attempting to protect itself and its .assets without 
regard for the consequences.

THE ACTORS

The main actors in this arena ot mineral supply and demand are:

The tree-market economy industrialized nations, with mineral 
processing and manufacturing facilities, who require access 
to large quantities of raw and semi-processed mineral products 
to maintain their industries. For various reasons, including 
natural endowment, labor costs and stage of economic develop
ment, these nations generally have few primary sources
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of minerals of (.heir own. The extent to which these nations 
find themselves dependent on other countries and on political 
events for their supply of raw materials, was dramatically 
illustrated during the 1973 oil embargo. The effect of
this has been that they are seeking alternative sources
of supply. The deep sea floor is one of the few remaining 
frontiers not under national jurisdiction, and it was to
be expected that the industrialized nations should turn 
to this source to secure their vitally needed supplies.
The deep sea floor and its resources, however, have been 
declared by the United Nations to be a Common Heritage 
of Mankind, and the industrialized nations can get these 
resources only through international cooperation and on 
the basis of fair sharing.

The Third-World countries, who for various reasons have 
not yet developed an industrial base and who have therefore 
only their basic natural resources to rely on to generate
the required revenue and attract the necessary skills and 
capital needed to proceed towards the goal of industriali
zation. Most of them rely heavily on one or two mineral 
products for this purpose. In the past, the people of these 
countries had little involvement in the decision-making 
processes in the exploitation of their countries' resources. 
Having gained independence, they now find themselves in 
the frustrating position of being in complete political 
control of an industry which many of them are unable to
run without substantial outside assistance and whose product 
is valued according to demand from outside consumers.
They are now seeking to complement their political sovereignty 
with economic sovereignty. Conflicting interests between 
industrialized and developing countries thus are disrupting 
the market system to the detriment of both consumers and
producers.

The prospect of ocean mining is seen to represent a real 
threat to the economies of these countries, to their
ability to develop an industrial base and to raise the 
general standards of living of the people.

iii. The developed mineral producing countries, including Australia, 
Canada, South Africa, and the United States. The United 
States, although the foremost producer of minerals in the 
world, really belongs to category (i), namely, the industrial
ized countries, in i hat it is a net importer of minerals 
and relies heavily on the import of strategic minerals 
to satisfy its industrial needs. The remaining countries 
all have advanced in the industrial development stage but
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still rely heavily on the export ot mineral products, either in 
the raw or processed state, to balance their international 
trading accounts. They produce a variety of mineral commodities 
and are therefore not wholly dependent on the fortunes 
of one or two minerals. Additionally, the contribution 
of mineral revenues to their GNP is relatively small, usually 
less than 10 percent.

The prospect of ocean mining would certainly have an effect 
on the demand for their land-based mineral products. Canada's 
nickel and copper production growth would be constrained 
as would be South Africa's production ot manganese. However, 
all these countries have substantial coast lines pLus the 
technical skills which would place them in a position to 
participate in and to benef it f rom, or at least not be mortally 
affected by, the new supply source.

iv. The bloc of centrally planned economy countries is relatively 
self-sufficient in most mineral commodities if looked at 
as a single economic and industrial entity. Instability 
in the sources of the West's mineral supplies and along 
the supply routes would place the Soviet Union in a powerful 
bargaining position economically, politically and strategi
cally. The prospect of deep-sea mining, while vulnerable 
to sabotage during hostilities, would tend to strengthen 
the West's position in terms of security of supply in that 
it would no longer be threatened by political acts of nationa
lization and expropriation by national governments.

3 .
THE SHIFTING FORCES

The major forces at work in the "debate" on the exploitation of 
the resources of the oceans are the following:

i. Political, Legal and Strategic Forces

In today's world no nation is willing to tolerate a position 
of dependence on another for its economic progress and 
well-being, or to be dependent on long supply Lines which 
could easiLy be disrupted in times of political instability 
or during hostilities. The development, of technology capable 
of providing alternative supply sources lor strategic raw 
materials and mineral commodities goes a long way toward 
ensuring security of supply.
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It is claimed that technology is currently available tor 
exploitation of ocean manganese nodules. These nodules would 
in the first instance be "mined" for their nickel, copper, 
and cobalt contents, and perhaps for manganese and other 
minerals at a later time. One of the factors holding up this 
development is the Lack of security of tenure over deposits 
which is necessary for most undertakings to be able to raise 
the necessary risk capital.

The ownership of coastal waters and the resources of the 
underlying seabeds is generally accepted as belonging to
the adjoining States, although some dispute still remains 
as to the extent of the areas involved. However, all States 
agree that there is some region beyond the limits of coastal 
State jurisdiction, for which rights over resources are not 
possessed by individual States and which are the common heritage 
of mankind.

As far as ocean mining is concerned, the real issue revolves 
around the type of body or regime that should exercise control 
over international resources, and the type and extent of 
this control. Opinions vary, from those of the United States, 
Japan, and the European Economic Community, who would favor 
the establishment of an International Seabed Authority entitled 
only to register licenses for operations, to those of the 
Group of 77 of developing countries (now over 100) who would 
reserve for the Authority the sole right to decide the amount, 
timing, location, and organization of mining in the International 
Area, and financial and administrative control over such mining 
ventures. These two stances illustrate the concerns of each 
group, namely, the security of supply and the protection 
of the value of land-based natural resources respectively.

To date progress has been made tow 
on many of the issues involved, 
agreement and dispute still ex 
that the interests of most States 
able and timely Treaty, and tha 
might delay exploitation with 
appears that agreement may still 
is that this will encourage 
technology to undertake seabei 
could result in further delay: 
and throw the resources of th 
technically most advanced and 
their claims.

rd the attainment of agreement 
However, vital areas of dis- 
st. While it is recognized 
would be served by an accept- 
failure to reach an accord 

its consequent benefits, it 
be some way of f.. The fear 

ountries with the developed 
mining unilaterally. This 
of international agreement 
sea open to the countries 

militarily able to protect
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ii. Economic Forces

The economics of nodule mining, given chat. technology is 
available to mine and recover the minerals contained in nodules 
at a profit, is clouded m  uncertainty as no actual projects 
are in operation from which realistic data can be obtained. 
Thus cost and revenue estimates are a combination of educated 
guesses and figures obtained from similar tvpe of operations
-  dredging, diamond mining off the South West African coast, 
etc. Additionally, the profitability of such an undertaking 
is expected to depend on a number of factors, including the

- scale of operations
- ability of markets to absorb the products
- availability of resources, especially capital and equipment
- density of nodule accumulation
- grade of nodules
- surface and composition of the seabed
- mineral recoveries
- method of mining
- mining environment and efficiency

In fact, the ability to mine nodules at depth with existing 
technology, economically has not yet been satisfactorily demon
strated. Thus the prototype mining-at-sea scheduled for 1977, 
1978 and 1979 had three major objectives:

a) to demonstrate the technical and economic feasibility
of lifting nodules 5000 meters to the surface at production 
tonnage rates;

b) to verify the ability of sea floor collecting devices
to gather nodules from extremely oozy and variable
terrain; and

to obtain large tonnages of representative nodules 
for evaluation in pilot processing plants.

Ocean mining feasibility studies have been undertaken by a number 
of people in an attempt to determine with existing technology:

a) whether nodule mining is economically feasible:

b) minimum requiremen!s of a deposit in terms ul area
and grade, tonnage and density of nodules; and

c) isolate are;is of the seabed that could be profitably
mined in the near future.
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Results have so far varied widely but in areas which initially 
appear to offer the best prospects of a successful venture, 
rates of return (discounted and after tax) typically vary 
between 5 and 15 percent for extraction of copper, nickel, 
and cobalt, and between 10 and 18 percent if manganese is 
also extracted.

A typical deep-sea mine site is considered to be characterized
by: if
- nodule grade averages

- production capability of 3 million wet tons or 2 million 
dry tons of nodules per year

- mine life of 25 years as a minimum
- average nodule abundance of 10 kg per square meter
- cut-off grade of 2 percent combined Ni-Cu-Co and an average 

Cu-Ni content of 2.25 - 2.4 percent

recoveries of 90 percent for all metals

- mining efficiency of 25 percent

The estimated number of potential mine sites in the North 
Pacific belt with these characteristics vary between 10 a ^  
460. More detailed calculations using Monte Carlo-type methods - 
have indicated 5 sites with a 95 percent probability and 
30 sites with a probability of 50 percent.

iii. Protection for existing and potential land-based resources

The impact of nodules as a new source of supply for copper, 
nickel, cobalt and manganese has been evaluated in terms 
of its effects on land-based resources. Again, all the relevant 
estimates are in doubt, including the timing and quantity 
of initial production. However, figures that have been estimated 
for 1985 are as follows:

Metal Percentage Supplied by Nodules in 1985

Nickel 9.7 to 18.0 percent

1.37. Ni 
1.07, Cu 
1.27. Co 

28.07. Mn

Copper
Cobalt
Manganese

0.8 to 1.3 percent 
50.0 to 61.0 percent
5.6 Io 7.8 percent
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The above indicates that only cobalt production from land- 
based mines would be greatly affected, which would have a 
potentially severe impact on Zaire's economy. However, the 
possibility of substituting cobalt for nickel in many areas 
is being investigated, and, if feasible, will modify this 
impact. Inaccuracies in forecasting, uncertainties about 
mineral demand by the industrialized nations in 1985 as well 
as about the requirements of the developing and least developed 
nations, questions of timing, costs, and capacities of deep- 
sea mining, etc. will render it extremely difficult to devise 
a realistic production limitation formula at this time. The 
ICNT is considering alternative means to protect land-based 
producers, e.g., by fitiancial compensation for their estimated 
losses. Measures to meet such problems must be taken if and 
when they occur.

4. An Approach to Economic Evaluation ot Seabed Mining

The large number of criteria of both economic and technical importance 
that must be evaluated and the uncertainties and wide range of estimates 
put forward for each, make it essential that an evaluation technique 
capable of taking these variations into consideration is available.
The technique^ of Monte Carlo simulation and risk analysis were used 
by Lampietti— to determine the profitability characteristics of 
seabed mining. Input variables were associated with probabilities 
selected by judgment from published literature or calculations. The 
variables used together with their respective ranges and expected 
values were as follows:

Nodule abundance: 10,000 to 80,000 dry tons of nodules 
per nautical square mile; average 36,000 
tons

Mining head efficiency: 0 (system failure) to 1207», assuming 
a 20-hour day

Mining system efficiency: 0 (no production for year) to 1207«, assuming 
a 300-day operating year

Grade of copper: 0.5 to 2.57»; average 1.27»

Grade of nickel: 0.7 5 to 2.7 57,; average 1.5%

Price of copper: 35 to 125 cents per pound

Price of nickel: 80 to 200 cents per pound

Recovery: 50 to 1007»
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Capical investment

mining: $24 to
transport : $5 to
processing: $50 to
R&D: $5 ro

$80 mi L1 ion ; average $40 million 
$15 million
$150 million; average $90 million 
$50 million

Operating costs

mining (fixed): 
mining (variable): 
transport (fixed): 
transport (variable): 
processing (fixed): 
processing (variable):

$2.92 to $11 million 
$2 to $4 per short ton 
$0.73 to $1.82 million 
$2.5 to $5 per short ton 
$1.09 to $3.27 million 
$10 tO $20 per short ton

Life of capital equipment 
(for depreciation)

mining: 10 years
transport : 20 years
processing: 20 years

The duration of the investment period was assumed to be 4 years
and includes costs for R&D and exploration incurred prior lo the
first year. Mining production and revenues were assumed to begin
in the fifth year of the project and continue for 20 years.

Making use of Discounted Cash Flow techniques, the net cash
flow was calculated by sampling independently from each of the input
variables for each of the 20 years of the project life. 1000 trials 
were simulated and results summarized as follows:

Variable

Annual Production (tons/1000) 
Gross Revenue (Million $) 
Operating Costs (million $) 
Cash Flow (Million $) 
Capitalization (Million $) 
Rate of Return (%)
Years to Pay Back

Mean Std.Dev. Min. Max.

31868 5022 18648 49033
1472 293 688 2511
371 108 567 1213
416 223 -134 1196
185 29 98 269
12.6 6.5 0 42
7.8 4.3 1 20

The assumption implicit in the above results was that the techno
logy for mining and processing of the nodules was available and that 
the only factors of concern were costs, prices and reliability of
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operations and estimates. The success of deep-sea mining was to be indi
cated by a positive discounted cash flow over the project life before 
taxes, depreciation, amortization, royalties, levies or rentals. 
Thus, if gross income more than marginally exceeded all costs of: 
development, modification, replacement and operation of all systems, 
the project would be considered successful.

SUMMARY

1. From a purely economic point of view, the evaluation of deep-
sea mining as done in "An Approach..." above, under the assumptions 
and the data available, indicates that the chances of success 
appear favorable and within the limits of risk acceptable to
investors. However, since the results show cash flow before 
taxes, any government measures that would add additional cost 
burdens to the project would, in the view of the miners, seriously 
affect deep-sea mining as an attractive investment opportunity.

2. The prospect of deep-sea mining offers to the industrialized
countries a reasonable measure of security of supply. For this 
they will have to pay a reasonable price in the form of internation
al cooperation and benefit sharing.

3. The nations with actual and potential land-based mineral resources,
especially among the developing States who rely on one or two 
mineral commodities for foreign earnings and national production, 
are fearful that nodule mining will substantially reduce the 
value of and revenues from these sources. They must weigh the 
advantages of a change in the structure of internat ional organiza
tion, such as represented by the Seabed Authority, of participation 
in international economic decision making, and of technology 
transfer, against these hypothetical losses.

4. Initial estimates indicate that the impact of nodule mining,
at least for the next decade and a half, on land-based mineral
production will be relatively small, if demand continues at 
projected rates. Even in the case of cobalt, in which 30-60
percent of estimated demand in 1985 could be supplied from nodules, 
research indicates the potential for its substitution of nickel
in a number of uses would place a "nickel-base-price" under 
it.

The above indicates that the key issues of deep-sea nodule mining 
revolve around the economic teasibility of the project and around 
the direct impact that this source of metals will have on both 
the developed and the developing nations of the world. An indirect 
but vital issue is the strategic importance of nodule mining
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in the ongoing East-West and North-South confrontation and its 
effect on the balance of economic and political power.

It is difficult to see how these issues will be settled between 
nations with such diverse and conflicting objectives. However, 
the importance of reaching an acceptable accommodation is vital 
to medium and long-term progress and peaceful co-existence and 
cooperation.

Critique

The topic of deep-sea mining is currently relevant and significant 
in that its successful implementation will depend on a greater measure 
of international agreement, cooperation, sharing and accommodation 
than any industrial undertaking has ever required or had in the 
past. In this respect it will indicate to what degree, if any, mankind 
is willing to harmonize internationalism and nationalism for the 
optimum benefit of each nation.

The subject of deep-sea mining encompasses many aspects of national 
and international concern, including politics, legislation, trade, 
security, sovereignty, ownership, access rights and cooperation. 
It also requires an intimate knowledge of the factors affecting the 
practical and economic development and exploitation of the resources. 
Because of the newness of the total field there is very little "hard" 
or "soft" empirical data to which to refer. Thus, estimates used are 
figures obtained from educated guesses, pilot study operations, related 
type operations, and interpolations. They are only acceptable in 
that they provide "order of magnitude" results which can be used 
as a first order estimate of the economic feasibility of the undertaking. 
Estimates of likely errors are unknown at this stage.

The topic therefore requires a tar more thorough analysis than 
can be given in this mini-case study, and the aspects chosen for discus
sion, namely, the economic feasibility of deep-sea mining, cannot 
be taken in isolation. In addition, the data available for the analysis 
are limited in quantity, quality and reliability, and they are only 
applicable really to a single area of a single ocean. Therefore these 
data cannot be used to draw general conclusions concerning the viability 
and competitiveness of nodule mining.

The data available at present can only be used in the sequential 
decision making process to decide whether further investigation is 
warranted. To attempt to base major capital expenditure decisions 
on these preliminary data would be economic folly. Consequently, 
while some international policy decisions are required to regulate 
deep-sea mining in international waters and provide for the distribution 
of a fair share of profits, it would be counter-productive to attempt
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to legislate for situations and results that may never occur or 
which cannot be foreseen today. The foremost task would seem to devise 
new forms of cooperation to encourage the development of the technology 
so that significant tests can be carried out and results obtained 
which can form the basis for policy decisions and international legis
lation. The sooner developing countries participate in this process, 
the better. An international joint venture tor research and development, 
between the Authority and those States and consortia who wish to 
participate, might be the first order of the day.

QUESTIONS

1. What four groups of States are involved in the area of mineral 
supply and demand?

2. Explain briefly the three major forces at work, in the debate on the 
exploitation of the resources of the oceans.

3. Who should exercise control over international resources?

4. How would the economic feasibility of a deep sea mining operation 
be determined? What are the difficulties? How accurate can it be?
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THE SYSTEM OF PRODUCTION: 

A HISTORICAL ANALYSIS

1.

INTRODUCTION

The common heritage of mankind has often been depicted as an Eldorado. 
But the wealth of the abyssal seabed, embodied in the minerals contained 
in polymetallic nodules, is limited.

Certainly, important deposits are to be found in the Indian 
and the Atlantic Oceans, but the most promising sites occur in
the Pacific Ocean where the largest and richest deposits lie. A 
great deal of work has been put into the evaluation of the costs 
of exploration, exploitation, and processing of these nodules, as 
well as in the estimate of the profits from their commercialization.

The facts remain uncertain, but it is likely that there will 
be fierce competition for the relatively limited number of mine 
sites which will be economically exploitable and for which the Inter
national Authority will have to concede contracts.

The concept of the common heritage of mankind, proclaimed in
the Declaration of Principles of the General Assembly on December 
17, 1970 and applied to the mineral resources of the seabed, seems 
to have transformed an important part of the Law of the Sea. It 
opens an entirely new approach to the problems of development.

But will it be possible to realize the concept of development
by all and for the benefit of every State? Or will the common heritage, 
which is shrinking in volume under the impact of national claims, 
have to give way to traditional practices of bilateral or regional 
multilateral arrangements, or unilateral exploitation by States?

The basic elements of the dispute between industrialized countries 
and the Group of 77, concerning the role of the International Authority, 
is well known. In the view of the industrialized countries, this 
role should be, on the one hand, contractual and limited to the
granting of licenses, and, on the other hand, operations, insofar 
as the Authority itself could exploit the resources through its 
Enterprise. In the view of the Group of 77, this role should be
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fully operational and involve the exploitation of all the resources.

The industrialized countries have reached the point of accepting 
the fact that the Enterprise, the operational arm of the Authority,
should act on its own initiative, but they have always refused to
acknowledge its exclusive competence. While recognizing the right 
of the Enterprise to carry out exploration and exploitation in competi
tion with States and public or private enterprises sponsored by 
them, they fear that the Enterprise might acquire, in time, a monopol
istic position controlled by the Third World. The industrialized
countries prefer a liberal system providing for a loose licencing 
mechanism. The Soviet Union, and the socialist countries, on the
other hand, are motivated by a reluctance, in principle, against 
accepting supranational international organizations.

It should be noted that there are no fundamental differences 
of opinion among industrialized States of comparable economic levels, 
whether they have free-market or centrally planned economic systems. 
This is admitted even on the basis of marxist analysis.

The industrialized countries and their public or private enter
prises give top priority to free access to potential mine si ties 
among their goals and objectives.

Thus precise and detailed terms and conditions must be contained 
in the Convention itself. The Group of 77, furthermore, emphasizes 
that the Authority must be given wide regulatory and managerial 
responsibilities and powers, and that the Convention must not be 
considered as a Traité-cadre. According to this view, the Authority 
must have not only discretionary power but the exclusive competence 
to exploit the resources of the seabed through the Enterprise, an 
international public institution, operating under the control of 
the Authority.

Certainly, the Authority would have the possibility to make 
agreements with States and their enterprises, but these would take 
the form of service contracts under which States could assist the 
Enterprise with their technologies and know-how, but they would not 
get proper licenses conceding property rights to the extracted re
sources .

These conflicting points of view, which were already obvious 
during the negotiations of the Seabed Committee, were reinforced 
during the first operational Session of the Law of the Sea Conference 
in Caracas in 1974. From then on, the deadlock appeared insuperable.
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This was the situation at the opening of the the Third Session in 
Geneva, in the Spring of 1975.

2.

THE UPS AND DOWNS OF PARALLELISM

It was against this background that the United States and the Soviet 
Union proposed a compromise, attempting to protect free access for 
the industrialized countries and their enterprises while, at the 
same time, recognizing the Authority's right to direct exploration 
and exploitation of the Area. Following a proposal by the American 
delegation, each applicant for a contract would have to prospect 
an area twice as large as the site he intended to explore and exploit, 
and he would have to offer one of these prospected sites to the 
Authority. It would be up to the Authority to make the choice between 
the two sites.

The Authority would award a contract for one of the two sites 
and keep the other for itself. This latter site would constitute 
a "reserved area" which would be "banked" by the Authority, eventually 
to be directly exploited by the international public Enterprise 
or by developing countries. Joint ventures might be established 
both in the "reserved" and in the "nonreserved" (contractual) areas.

The Group of 77 never quite warmed up to this compromise. This 
is clearly indicated by the provisions of the Single Negotiating 
Text (ISNT) which unreservedly falls back on the draft presented 
by the 77 in Caracas.

Article 22 of the ISNT can leave no doubt. In its first paragraph 
this Article asserts that operations in the Area are directly conducted 
by the Authority.

The second paragraph gives the Authority discretionary powers 
with regard to the conclusion of agreements, which really only are 
service contracts with States, public or private enterprises.

From then on, each Session was to be determined by the dialectics 
between the exclusive competence of the Authority and the "parallel 
system," and the variations in subsequent versions of the Negotiating 
Text this gave rise to.
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Near Success of the Industrialized Countries

The industrialized countries were highly critical of this Text. 
They claimed it deprived them of all assurance of access to the 
mine sites. In fact, the ISNT conferred a threefold discretionary 
power on the Authority:

• Discretionary power in the exercise of regulatory functions 
allowing it to establish administrative procedures, rules and regula
tions. Nor was it a question of merely establishing rules of procedure: 
These regulations would determine the conditions each applicant 
would have to fulfill in order to obtain a contract.

Discretionary power in choosing between several applicants. 
Paragraph 9 of the Annex of the ISNT provided that this choice should 
be made on a "competitive basis": The authority should select the
applicant who seemed to offer the most advantageous conditions, 
especially in financial terms.

Discretionary power in choosing the type of contract to be 
concluded, whether service contract or joint venture (Article 22 
of the ISNT).

During the Spring, 1976, Session in New York, the industrialized 
countries expressed their deep concern. This gave rise, at the end 
of that Session, to the Revised Informal Single Negotiating Text 
(RISNT), in which the industrialized countries succeeded to impose 
their own views.

One of the new dispositions provided that developing countries 
could associate themselves not only with the Enterprise but also 
with industrialized countries, on the condition that they would 
derive substantial benefits from their association, for example, 
the establishment of a processing plant located on the territory 
of one of these countries (Article 22 §8, d, iii, of the RISNT).

Such associations were to apply to the "reserved" area: in
fact, the most precious advantage offered to the industrialized 
countries by the RISNT was the "banking system."

Finally, a serious attack was made on the Authority's discretionary 
powers. While the previous text declared in Article 22 that the 
Authority could conduct operations through States parties or through 
individual corporate bodies or companies, if it considered this 
to be desirable, the new draft no longer included this clause which
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enhanced the Authority's discretionary power. Instead the new draft 
established that operations in the Area would be conducted directly 
by the Authority or in association with the Authority.

This apparently favorable resuit, as far as the industrialized 
countries were concerned, could not last. In spite of the strengthened 
position it offered, furthermore, this Text still remained unacceptable 
not only to the USA and the home countries of companies belonging 
to international consortia dominated by the USA, but also to States 
such as France and the Soviet Union.

Mounting Opposition of the Developing Countries (Summer 1976)

The second part of the Fifth Session was characterized by a battle
of documents in which each Group attempted to force the other back 
to its former position.

An extremely severe text was submitted by the USA and the USSR, 
in response to a new draft by the Group of 77 which omitted any 
reference to the banking system or to assured access.

A number of attempts were made outside the Session to break 
the deadlock.

The most important of these was Henry Kissinger's initiative at 
the end of the Fifth Session. The then Secretary of State seemed 
to think that the main concern of the Group of 77, under the influence 
of their more moderate members, was to ensure that the Enterprise 
would have sufficient financial resources. Thus he did all he could
to facilitate the financing of the Enterprise and the transfer of 
technology to its advantage, to balance the assurance of access
of the industrialzed countries to the mine sites with an assurance 
of access of the developing countries to capital and technology,
in a truly "parallel system."

The financing of the Enterprise would be guaranteed by the 
developed countries, and the American Government alone would be 
responsible for 20 percent of the required funds. Kissinger also 
announced that the US was ready to accept the proposal for a revision 
of the Convention at the end of a 25 year period.

Kissinger's offers were only partially appproved by the other 
industrialzed countries who were not too much inclined to finance
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the Enterprise and to have to submit to USA monopoly in return. 
In fact, a sharp conflict began to take shape at that time, between 
certain developed countries, on the one hand, and the USA on the other, 
with regard to the need for a provision limiting the risks of monopol
istic trends.

Thus Kissinger's proposal was not entirely convincing to the 
industrialized countries, nor did it succeed in disarming the opposition 
of the 77 against the RISNT. Their ideological concern for the principle 
of the common heritage of mankind, as a basis for the building of 
a new international economic order, seemed overriding.

As the Sixth Session of the Conference opened, it seemed that 
negotiations on the system of the exploitât ion of the seabed were 
deadlocked. This posed a serious threat to the successful outcome 
of the Conference.

3.

THE RETREAT OF PARALLELISM

The Sixth Session began under the influence of Minister Jens Evensen 
of Norway whose informal negotiating group of legal experts had 
assumed an important role at the Conference. While keeping the informal 
character of his Group, Evensen assumed the responsibility for the 
preparation of texts of compromise during the intersessional period. 
Under the growing pressure of the Group of 77, successive versions 
of these compromise texts brought more and more serious transformations 
to the dispositions of the RISNT. The document that emerged at the 
end of the Seventh Session, was the Informal Composite Negotiating 
Text (ICNT). Part XI, dealing with the "Area," proposed solutions 
which were felt by the industrialized countries to be more restrictive 
than those of the RISNT.

The principle of guaranteed access, less firmly formulated in 
Evensen's compromise proposal than in the RISNT (Article 22), was 
even more feasible in the ICNT.

The operational supremacy of the Authority was re-inforced 
once more, and the Authority was given a wide margin of discretionary 
power in granting contracts.

The conclusion of contracts was to depend on the acceptance 
of certain obligations on the part of the applicants, particularly 
in the field of transfer of technology and of scientific research,
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for the benefit of the Enterprise and of developing countries. Pre
ference was to be given to applicants ready to enter into joint 
ventures with the Enterprise and/or developing countries.

The Enterprise was also to enjoy some special advantages, compared 
to outside contractors, but the financing of the Enterprise created 
serious problems.

The debate, and the proposed solutions, became ever more complex. 
For the developing countries, the financing of the Enterprise, the 
transfer of technology and the proper working of the banking system, 
were key issues. The acceptance of the "parallel system" hinged on 
a satisfactory solution of these problems. For example: Would the
Authority, under the banking system, select its own site after the 
processing stage or after exploration? The developing countries 
preferred the latter alternative, which would have charged the cost 
of exploration of the Authority’s mine site to the contractor. The
industrialized countries found this charge unbearable. But the question
of how the "equivalent commercial value" of the two mine sites could
be ascertained before exploration, remained unanswered.

The industrial countries continued to consider the guarantees 
of access, offered to them in return for financial charges and obliga
tions, too feeble.

These concerns were reinforced by those arising from the proposed 
articles on the Revision of the Convention.

The revision procedure elaborated by the Evensen group, on 
the initiative of Mexico, consisted of two steps:

a periodic review by the Authority’s Assembly, to examine the 
efficiency of the system;

j a Review Conference of States Parties, twenty years after the 
Convention came into force.

The Group of 77 favored this procedure. It implies a process 
of quasi continuous negotiations, which characterizes the building 
of the New International Economic Order as a whole. Deep-sea mining 
is a new and untried industry, with a number of unknown quantities, 
in technological as in economic terms. Current negotiations thus 
cannot benefit from previous experience. There must be an opening 
for continuous adjustment and adaptation. Legal mechanisms of amendment 
and ratification must be brought in line with the economic and techno
logical facts of life.
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The Review Articles turf her proposed that, in the absence 
of agreement, the activities in the Area would be conducted, hence
forth, by the Authority and by States only through the Enterprise, 
by means of joint ventures, and under terms and conditions established 
by the Authority. Thus the "parallel system" would disappear in 
favor of a unitary joint venture system under the control of the 
Authority.

An anti-monopoly clause, pressed particularly by France, 
was finally accepted by the USA and appears in the ICNT as Article 
150 (f).

That the real intention of the developing countries was to 
establish a unitary system was confirmed by a statement by Ambassador 
Christopher Pinto of Sri Lanka during the Eighth Session in 1979, 
in which he seriously challenged various principles considered 
as settled by the industrialized countries in 1978, particularly 
the "parallel system." The Group of 77 preferred a single system 
of joint ventures, within which the transfer of technology would 
involve not only mining technology, but processing technologies 
as well.

It is difficult to synthesize these debates. The fact is 
that in spite of progress in the negotiations and partial success, 
confrontation persevered. It also should be admitted that some 
of the proposed compromises were not very realistic.

In his report, the Chairman of the First Committee rested 
his hopes on "the willingness of the member States of the Conference 
to negotiate and try to reach, beyond the conflicting strategies, 
a harmonious vision...While trying to protect certain interests," 
he continued, "we must not lose track of the truth and of all the 
different interests involved." "There is enough space and enough 
wealth in the ocean," he concluded, "and particularly in the seabeds 
to ensure prosperity for all."

The question is: Will we succeed, in spite of the disagreements 
existing in the international community, in establishing this supra- 
State and supra-national organization?

Everyone is aware of the difficulties which make union between 
the nine member States of the European Communities so difficult. 
Yet, these nine States have less economic and social disparities 
among themselves than the one hundred fifty States which will have 
to sign and ratify the Convention on the Law of the Sea.
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Will it be possible to accomplish what has never been accompli
shed before?

Can the new international economic order, as far as the exploit
ation of the seabed is concerned, pass from the "negotiating level" 
to the "institutional level," and from dialogue to power?

In other words, will we be able to overcome the economic, 
social, and cultural differences that exist between nations and 
to establish an international Authority over the seabed that might 
become a model for international organizations of the future?
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SUM1ARY

The wealth from the exploitable minerals of the seabed is limited and 
therefore, competition for that resource will be strong. Under the 
concept of the common heritage of mankind, proclaimed in 1970 in the 
Declaration of Principles of the General Assembly, the International 
Authority would concede contracts. The industrialized States felt 
that the role of the Authority should be limited and wished free 
access to potential mine sites. The Group of 77 felt that the role of 
the Authority should be fully operational with exclusive competence 
in exploiting resources through the Enterprise. The conflicting views 
were reinforced during the first operational Session of the Law of 
the Sea Conference in Caracas, 1974 and remained at the Third Session 
in Geneva in the spring of 1975. The US and USSR proposed a compro
mise "reservable site" where each applicant would propose two sites, 
the Authority making the choice, awarding one and keeping the other 
on "reserve" to be exploited by the Enterprise or by developing 
countries. That this did not receive whole-hearted approval by the 
Group of 77 is indicated by the draft of the Single Negotiating Text 
(ISNT) wherein it was proposed that the operations in the Area were 
to be directed exclusively by the Authority. This was criticised by 
industrialized countries who expressed concern at the 1976 Session in 
New York. This Session ended with the Revised Informal Single Nego
tiating Text (RISNT) in which Industrialized countries imposed their 
views. Nonetheless, the Text remained unacceptable to the US and 
others.

By 1976, the Fifth Session was characterized by the intransigence of 
opposing views of both groups which led to attempts outside the 
Session to break the deadlock, notably that of Henry Kissinger. At 
the end of the Fifth Session, an attempt was made to ensure that the 
Enterprise would have adequate financing and transfer of technology 
for the benefit of developing countries, while industrialized
countries would have assured access to mine sites - a "parallel 
system." Under this plan the US Government alone would be responsible 
for 20% of the funds and other industrialized countries forsaw the 
possibility of a US monopoly. Kissinger’s proposal, therefore,
pleased neither group as the Group of 7? were bound by an ideological 
concern for the principle of conroon heritage of mankind as the basis 
for the New International Economic Order.

The Seventh Session produced the Informal Composite Negotiating Text 
(ICNT). The industrialized countries felt that the proposed solutions 
of ICNT dealing with the Area were more restrictive than in RISNT. 
In 1979, the Eighth Session made it clear that the real intention 
of developing countries was to establish a unitary system.

In spite of progress and partial success in the negotiations, 
confrontation has persevered.
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QUESTIONS

1. What is the relation between operators, national governments, 
and the Authority in making decisions on which areas should be exploi
ted?

2. Contracts may be for exploration only or for integrated projects, 
including exploration, exploitation processing and marketing. What 
type of contract is most advantageous for the Authority? for national 
governments? for companies?

3. Should the revenues of the Authority be used for specific purposes, 
such as research or training, or should they be given to development 
agencies, or directly to Governments?

4. If the latter, what should be the criteria on which distribution 
would be based?

5. What role should national governments play in securing compliance 
with the Authority's regulations?

5 . What will be the consequences of seabed mining in areas under 
national jurisdiction for the production control provisions of the 
Authority and for the economies of land-producers among the developing 
countries?
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SCOPE OF OPERATIONS IN THE AREA

SCOPE OF OPERATIONS IN THE AREA

I.

The Area

1. "The Area" means that area of the sea-bed and ocean floor,
and the subsoil thereof, lying beyond the limits of national juris
diction [Art. 1 (1)]. The outer limits of national jurisdiction 
over the natural prolongation seawards of the land territory of 
a State, are to be determined by the method set forth in Article 76 
of the Convention. In the determination and recording of limits 
of national jurisdiction - and thus, the limits of "The Area ,
the Commission on the Limits of the Continental Shelf will play 
a central role. The Statute of the Commission will be contained 
in an annex to the Convention.

2. "The Area" and its resources, whether living or nonliving,
are the "common heritage of mankind” (Art. 136) and are subject 
to the international regime set forth in the Convention (in general, 
Part XI), as well as to applicable rules of customary international 
law. The Convention deals in detail principally with nonliving
(mineral) resources (Art. 133), and of these mineral resources, 
concentrates heavily on a regime for the mining of polymetallic
nodules, as the resource emphasized during negotiation of the treaty. 
However, the Convention does contemplate that many provisions would 
be applicable to resources other than these nodules, and occasionally 
makes specific reference to certain regulatory devices for such 
minerals. (See for example, Article 151, paragraph 3 on the power
of the Authority to limit production of minerals other than nodules, 
from the Area.) The Convention does not establish a regime for 
living resources, although certain regulatory powers of the Authority 
in respect of living resources may be deduced from the environmental 
protection powers conferred on it. [ Arts. 145, 165 (2)(i), (1), 
and (m), Annex II, article 16 (l) (xii) and 16 (2)(f).]

Scope of Operations

3. The Convention contemplates
in the Area:

(a) Scientific research (Arts. 143, 
by the Authority, and subject 
(Arts. 143(1) and (3), 258-265;

(b) prospect ing covered by Annex II,

four categories of operations

256) not requiring prior approval 
only to very general conditions

Arts. 2,8,16(a);
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(c) exploration and/or exploitation, being the "activities in 
the "Area" contemplated in Article 1(3), which would be the 
subject of contracts, and to which the generality of the pro
visions of part XI and Annex II are directed; and

(d) transportation, processing to extract metals, marketing and 
waste disposal, further stages of operations which are excluded 
from the scope of the term "activities in the Area", since 
they will normally take place outside the Area and thus within 
a State's national jurisdiction. The latter stages of operations 
will not be the subject of plans of work, and may come within 
the regulatory competence of the Authority only when undertaken 
in projects of the Enterprise [Art. 170, Annex III, Article 
1( 1 ) ] .

4. From the foregoing it should be clear that the operations
contemplated under part XI of (he Convention are essentially those 
connected with exploration for polymetallic. nodules and systems 
for their recovery only (exploitation). A "plan of work", the central 
document containing a description of the mining project, Art. 153(3) 
and (4) will generally cover one or both of these stages and no 
other.

II.

WHO MAY APPLY TO CARRY OUT ACTIVITIES IN THE AREA?

5. Exploration for, and exploitation of, polymetallic nodules 
may only be carried out under the Convention, and in accordance 
with the international regime set forth in it. The overwhelming 
majority of States has expressed the view that ocean mining in 
the Area undertaken outside the regime of the Convention would 
be illegal. Some, but not all, of the industrialised countries 
take a different view, viz. that conformity of ocean mining activities 
with the Convention is desirable, but not essential for their legality.

6. Under the Convention, exploration and mining can only be carried 
out:

(1) by a member State or its national which has entered into one 
or other of the specified forms of relationship with the Authority 
provided for in the Convention, and

(2) by the Enterprise, the operational arm of the Authority, [Article 
153 (2)].

A prospective miner must:

(1) apply to the Authority in the manner prescribed and
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(2) if Che applicant is not a State or Enterprise, be sponsored 
by the State of which it is a national. The Authority is the 
sole entity charged into organizing and controlling sea bed 
mining. [Article 153 (1)]

The Application

7. To be eligible to carry out mining operations, the applicant
must first, show that he possesses certain qualifications, i.e. he
must meet certain "qualification standards" to be prescribed by 
the Authority [Annex II, Article 16 (1)(b)(xiv)]. These concern the
applicant's financial and technical capability, and its previous 
performance in association with the Authority, if any. (Annex II, 
Article 4 (4 )]. Qualifications will normally be verified by the 
Authority through correspondence or discussion with the applicant s 
representatives. However, where a State is the applicant , conformity 
with qualification standards may be assumed [Annex II, Article
4 (5)]. Secondly, the applicant must give certain preliminary under
takings: it. must undertake that, in the event of its being awarded
a contract, it will carry out the contractual obligations in good
faith, in particular through accepting the Authority's rights of 
control and enforcement, and transferring technology as required 
by the Convention.

8. The application must cover two mine sites of "equal estimated 
commercial value" (Annex II, Art.8). To the application would be 
annexed a "Plan of Work" applicable, with minor changes, to operations 
on either mine site. The Plan of Work would contain a detailed 
description of the operations which the applicant is to carry out 
under the contract for which he is applying. The Plan of Work would 
be expected to cover in the case of an application for mining, 
such matters as:

(1) A precise description of the area in which operations are 
to take place;

(2) data on the resource to be mined including mapping, sampling 
and density of nodules and the composition of metals in them;

(3) the technology to be used, including a general description 
of equipment and methods;

(4) undertakings and assurances regarding transfer of technology, 
including training programmes;

(5) financial obligations in accordance with Annex II, article
12;

(6) a work schedule, and statement of policies governing the conduct 
of operations;
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(7) incorporation of the Authority's rules, regulations and procedures 
(Annex II Art.16), including acceptance of regulatory and 
control systems; and

(8) a system of dispute settlement.

Sponsorship

9. An applicant which is not a State or the Enterprise, must 
be "sponsored" by a State Party to the Convention. To receive the 
sponsorship of a State Party, the applicant must be a national 
of that State Party. If the applicant:

(1) has more than one nationality or

(2) has one nationality, but is controlled by the nationals of 
another State, then there must, be joint sponsorship by the 
States concerned [Article 153(2)(b), Annex II, Article 4(2)].

10. Sponsorship involves the obligation of the sponsoring State 
to ensure that the applicant, upon receiving a contract, will carry 
out its operations under it in conformity with the Convention. 
But this obligation is not an absolute one. The sponsoring State 
cannot be called upon to accept liability for damage caused by 
the contractors' delinquent acts in every case. It is sufficient 
to avoid liability if the sponsoring State can show that it has 
taken "all necessary and appropriate measures to secure effective 
compliance...." with the relevant provisions of the Convention 
[Arts. 139(1), and 153(4)]. The reference to "appropriate measures" 
is interpreted to mean that the sponsoring State shall have "enacted 
legislation and provided tor administrative procedures which are, 
within the framework of its legal system, reasonably appropriate 
for securing compliance by persons under its jurisdiction." [Annex II, 
Art.4(3)]. Sponsoring States must also assist the Authority in 
the implementation of its own control and regulatory systems 
[Article 153(4) and (5)].

Other Obligations of the Applicant

(a) The application fee

11. An applicant must pay the Authority a fee equivalent to the
administrative cost of processing its application. This fee is 
fixed at $500,000 but is subject to review by the Council. The 
difference between this fee and the actual cost of processing the 
application, if any, will be refunded to the applicant [Annex II, 
Art.12(2)].
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(b) The "reservable" mine site

12. Paragraph 8 above refers to the requirement that the application 
cover two mine sites of "equivalent estimated commercial value." 
Only one of these can eventually become the subject of the contract 
applied for, while the other is "reservable" for operations by 
the Authority. Upon approval by the Authority of the Plan of Work, 
but not before, the Authority becomes entitled to designate which 
of the two mine sites submitted with the application is to be mined 
by the applicant under its contract, and correspondingly, to designate 
as "reserved" for its disposition, the other mine site. Submission 
of a second site which could become "reserved" in this way, amounts 
to an additional payment to the Authority equivalent to the cost 
of prospecting the site and preparing the data in respect of it. 
(Annex II, Article 8)

The State as applicant

13. Only States Parties to the Convention may apply for contracts 
to carry out activities in the Area, i.e. exploration or mining 
or both. While by Article 4(5) of Annex II, the Authority will 
assume in the case of a State applicant, the existence of certain 
qualifications (financial and technical capability) which other 
applicants might be required to prove, and the requirement of sponsor
ship is dispensed with, the other rules, regulations and procedures 
governing applications bv States, are appropriate, including the 
submission of a "reservable" site.

The Enterprise as applicant

14. At the current stage of negotiations, an application by the
Enterprise to carry out operations in areas other than those reserved 
to the Authority will be subject to the same rules and procedures 
as those of other applicants, except that

(i) the requirement of sponsorship is not applicable.
(ii) no reservable site need be submitted.
(iii) the so-called "anti-dominant clause" in paragraph 3(d) 

of Article 6 of Annex II will not. apply to it; and it 
mav be entitled to preferential treatment when a selection 
is called for among competing applications [Annex II, 
Article 7(5)].

(Other exemptions and preferences are under negotiation)

Applications for reserved sites

15. For every mine site granted by the Authority upon application



made by a prospective contractor, there will be an additional site 
of equivalent vaLue, prospected and ready for exploration and mining. 
In Che initial years of the system, these mine sites will be of
prime quality, and could be a source of substantial revenue to
the Authority if exploited. In exploiting such sites, preference 
will be given to the developing countries. The term "developing
countries" is not defined in the Convention, but may be interpreted 
as meaning all the countries which today comprise the "Group of
77". The industrialised countries and entities of their nationalities 
cannot apply for contracts in respect of reserved sites. They may 
participate in the mining of reserved sites only as joint venture
partners or contractors for the Enterprise or a developing country 
or its national which has obtained a contract [Annex 11, Article 
8 bis, paragraph (2)1.

16. The Authority is required to deal with these sites in the
manner prescribed in Article 8 bis of Annex 11:

(1) The Authority must first offer the site to the Enterprise.
If the Enterprise is equipped, either by its own funds, technology 
and personnel, or through joint ventures with partners with the
necessary capacity, or through service contracts, to contemplate 
early commencement of a mining programme, it will submit a Plan 
of Work for approval by the Authority. In selecting its partners 
or contractors, the Enterprise is free to choose the most efficient, 
or as between efficient partners, the one that offers the best
terms. It is not. confined to partners from developing countries. 
However, the Enterprise is required to offer developing countries 
and their nationals opportunities for "effective participation" 
(Annex II, Article 8 bis paragraph 2), and the procurement guidelines 
(applicable to goods and services) to be approved by the Council, 
may provide for certain preferences for developing countries. 
[Annex III, Article 11 sub-paragraphs 3(b)(ii) and 3(c)].

(2) If the Enterprise exercises its option not to commence mining 
a reserved site, any developing country or national of a developing 
country may apply for a contract to mine. Such an application must 
conform to the provisions in the Annex II regarding applications 
(e.g. Articles 4-7), but no "reservable" mine site need be submitted. 
The Enterprise cannot delay indefinitely to exercise its option 
to mine. If a developing country or its national wishes to apply, 
it may so notify the Authority. The Enterprise must exercise its 
option within a reasonable time thereafter. As in the case of mining 
by the Enterprise, a developing country or its national, which 
has obtained a contract, is free to take as a joint venture partner, 
or as a contractor, an industrialised State or one of its nationals.

308.
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III.

PROCESSING THE APPLICATION

17. An application would bo addressed to the Secretary General
of the Authority as its adminstrative head. In accordance with
routine office procedures, it would be date-st amped, registered 
and sent to the appropriate officers responsible for preparation
of the application for consideration by the Legal and Technical 
Commission. The facts upon which the application is based would
normally be verified or clarified at the official level, through 
correspondence, discussion or negotiation. It is the Commission s 
responsibility, however, to take the initial decision - and perhaps 
the most important one - approving or disapproving the application.
Applications will be considered at quarterly intervals in the order 
in which they are received.

18. If the facts upon which the application is based are verified, 
and establish the applicant’s qualifications; if it is found that 
the applicant has acted in conformity with the terms of the Convention 
in that it has given the required assurances, paid the application 
fee, presented a satisfactory reservable sire and otherwise complied 
with the prescribed rules and procedures, the Commission will recommend 
approval of the application, and it has no discretion to do otherwise. 
[Annex II, Article 6(1) - (3)]

19. However, there are (a) certain objective conditions which, 
if established will require the Commission to recommend disapproval; 
and (b) there are certain competitive situations in which an 
application which is otherwise in conformity with the Convention 
may be rejected in favour of another.

(a) Objective conditions requiring disapproval

20. Briefly stated, these conditions are:

(a) that the application relates to the whole or part of an area 
in respect of which another application is pending before 
the Authority;

(b) that mining the area to which the application relates will 
cause serious harm to a unique environment;

(c) that mining under the proposed contract would produce more 
metals than is permitted under the current production ceiling 
established under Article 151; or

(d) that too many contracts have already been awarded to nationals 
of the applicant's home State, as determined in accordance 
with Article 6(3)(d) of Annex II - the so called "anti-monopoly 
clause." [See generally Annex II, Article 6(3)]. The last
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two conditions warrant closer examination.

Production Ceiling

21. One of the essential elements of the international regime 
embodied in the Convention is the obligation undertaken by States 
to ensure that ocean mining activities do not adversely affect 
the economics of developing countries whose economies are dependent 
on export earnings from the same metals mined on their territory. 
These countries fear that metals from the seabed produced in quantity 
will depress prices and seriously affect the Level of their income.

22. In response to the expressed fears of these countries ("land 
based producers") the Convention now contains Article 151 on 
"Production Policies" which provides (1) for the periodic establishment 
of production ceilings for ocean mining in general, and nodule 
mining in particular in order to prevent a possible adverse impact 
on land-based production, and (2) for a system of compensation 
to developing countries that are land-based producers of the same 
metals, in the event that the economic impact occurs despite imposition 
of the ceiling. The production ceiling is to operate from the date 
when the earliest commercial production commences, and to remain 
in force for a period (t.he "interim period") ending 20 years thereafter 
or the end of Lhe Review Conference provided for in Article 155 
or the date of entry into force of new commodity arrangements providing 
safeguards for producers of the metals in question, as contemplated 
in paragraph 1 of Article 151, whichever is earliest. Even after 
the entry into force of protective commodity arrangements the Authority 
can still resume its own protective power to impose a production 
ceiling if the new arrangements lapse or become ineffective.

25. While thus protecting the interests of the developing countries
that are land-based producers, Article 151 also seeks to safeguard 
the interests of investors in seabed mining and of the Enterprise. 
Investors are protected by guaranteeing (1) that seabed mining 
will be allowed to produce a minimum level of metals for the market 
(the so-called "floor" as opposed to the production "ceiling"; 
60% of a 3% growth rate, provided that 100% of the nickel growth
is not exceeded); and (2) that a miner may in any year produce
metals up to the level specified in his production authorization
and even exceed that amount under certain circumstances [Article 151 
(2)(e)]. The Enterprise is assured of at least a production capability 
of 38,000 tons of nickel from any production ceiling [Article 151
(2)(c) ].

Anti-monopoly provisions

26. In response to an apprehension (largely expressed by medium 
and smaller industrialised countries of Europe) that sea-bed mining 
would become the exclusive preserve of the advanced industrialised 
countries which possess the capacity to commence mining the prime
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sices in the near future, the Convention provides a limit in terms 
of area, to the mining operations which can be conducted by or 
under the sponsorship of a State. [Annex II, Articles 6(2)(d) and 
6(4)]

(NOTE: This limit (a) is currently stated in relation States Parties
and not their nationals, and (b) does not appear to apply in the 
reserved sites. These questions are still subject to negotiation.)

(b) Competitive situations

27. The award of contracts will be recommended by the Commission
on a first-come—first-served basis subject to the objective limiting 
conditions described, including, especially, the production ceiling 
established under Article 151. Where the number of applicants for 
plans of work exceeds the number of sites that can be mined without 
breach of the production ceiling, the Commission will be called 
upon to make a choice among all qualified applicants for the preceeding 
application period. The criteria for selection of applicants are 
listed in Article 7(2) of Annex II: (a) performance, (b) early
financial benefit to the Authority, and (c) level of investment 
in prospecting and exploration. The Commission is also required 
to apply the objective standards to be set forth in the Authority's 
rules and regulations.

28. In making its recommendations in a competitive situation, 
the Commission is also required to take into account certain priorities 
conferred by the Convention. Thus the Commission will give priority:

(i) to an applicant for a plan of work for a mining operation, 
when the Authority has already approved that applicant's 
plan of work for exploration of the area concerned (Annex.II 
Article 9);

(ii) to applicants which have not been selected on prior occasions 
as the result of applying the production ceiling [Annex.II, 
Article 7(2)(3)];

(iii) to exploitation of reserved sites through the Enterprise 
or through joint ventures with developing countries or 
their nationals [Annex II, Article 7(5)].

29. Apart from such stated priorities, in making a selection 
the Commission must take into account the need to enhance the 
opportunities of all States Parties to participate in seabed mining, 
and to prevent the development of a "monopoly" of such activities 
[Annex II, Article 7 (4)].

Submission to the Council

30. The Legal and Technical Commission carries out its function
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of reviewing applications under Article 165 (2)(b) oi the Convention, 
and must make its recommendation to the Council. The Council is 
the organ of the Authority, responsible for decisions on applications 
for plans of work. In discharging this responsibi l it y, the Council 
must act expeditiously. With a view to ensuring such expeditious 
action, the Convention provides that a plan of work shall be deemed 
to have been approved unless a decision to disapprove it is taken 
within 60 days of its submission by the Legal and Techncial Commission 
[Article 162(2)(j)]-

(NOTE: This provision in the draft treaty has been criticised as
implying that the Council has less power with regard to decisions 
on plans of work than its subsidiary organ, the Commission. It 
is still subject to negotiation.)

31. Upon approval of a plan of work by the Council, it will,
in the case of a applicant other than the Enterprise, be embodied 
in a contract concluded between the applicant and the Authority. 
The Council would empower an appropriate officer to sign the contract 
on behalf of the Authority. In the case of a plan of work submitted 
by the Enterprise, the act of approval would be sufficient to build
the latter to execute its terms, given its constitutional link 
with the Authority.

32. After approval of the plan of work, and, where necessary,
conclusion of a contract with the Authority, the prospective operator 
needs to take one final step: to apply for a production authorization 
as provided for in Article 151(2). With grant of the production 
authorization, all procedures are completed, and the operator may
confidently proceed with his major investments and eventually commence 
mining.
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SUMMARY

The Convention deals mainly with the nonliving or mineral resources of 
the Area (the seabed and ocean floor beyond the limits of national 
jurisdiction) with heavy emphasis on the mining of polymetallic 
nodules. The scope of operations deals essentially with exploration and 
exploitation of nonliving resources and is examined under four main 
headings: (1) scientific research (2) prospecting (3) exploration and/ 
or exploitation (4) transportation, processing, marketing and waste 
disposal.
Application for exploration and exploitation is limited to those States 
in relationship to the Authority and to the Authority itself. 
Applicants must follow certain guidelines, i.e. meet the qualification 
standards of the Authority and undertake certain preliminary con
ditions. Applications must be accompanied by a fee ($ 500,000 - subject 
to review and refundable) and must cover two prospective mine sites of 
equal estimated commercial value in a Plan of Work. Only one site will 
be exploited by the applicant, the second will be "reservable" for 
operations by the Authority. The Enterprise, as an applicant, is 
subject to the same regulations with some exceptions, e.g. no 
"reservable" site need be submitted. As "Reserved Sites" are of equiv
alent value, they would be a source of revenue to the Authority, if 
exploited. Preference will be given to developing countries' applica
tions for operation. Sites are first offered to the Enterprise who is 
required to offer developing countries the opportunity for effective 
participation. If The Enterprise does not exercise its option to 
commence mining, any developing country or national of a developing 
country may notify The Authority of its intentions.
Applications will be addressed to the Secretary General of the 
Authority and then will be sent to the Legal and Technical Commission 
for consideration. This is done at quarterly intervals. Disapproval of 
applications is based on objective conditions, e.g. where a production 
ceiling would be exceeded, or to avoid monopoly situations, and upon 
competitive situations. Contracts will be awarded in the order in which 
they are received. Where applications exceed the number of sites, the 
Commission will choose from all qualified applicants according to 
specific criteria and priorities.
The submission of recommendations is made to the Council by the Legal 
and Technical Commission and the Council is responsible for the 
decision. The contract is then concluded between the applicant and The 
Authority. With the granting of Production Authorization, prospective 
operators may then proceed.
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QUESTIONS
1. Define: The Area, plan of work, sponsorship, "reservable" mine 

site, production ceiling.
2. What are four categories of operations in The Area that the Con

vention contemplates?
3. On what nonliving resource is emphasis placed by The Convention?

4. Who may apply to carry out mining operations in The Area?

5. As an applicant, what rules guide The Enterprise?

6. Who is eligible to mine "reserved" sites?
7. Briefly give the steps involved in processing the application.
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1. The Declaration of
Floor Beyond the Limits 
of the General Assembly 
establishment of

Principles Governing the 
of National Jurisdiction 
of the United Nations)

Seabed and Ocean 
(Resolut ion 2749 
called for the

"an international regime applying to the area and its resources 
and including appropriate international machinery to give 
effect to its provisions..." (Para.9).

Having declared the area of the seabed beyond national juris
diction to be the "common heritage of mankind," the States members 
of the United Nations called for the setting up of "international 
machinery" as an integral part of that regime. An administrative 
organization, or Authority is an essential part of the "common 
heritage" concept.

2. Article 157 of the Convention declares the Authority to be
the organization through which States Parties (which are members 
of the Authority by virtue of their adherence to the Convention) 
"organize and control activities in the Area.” Article 157 should 
also have noted that it is also the organ through which such activities 
are carried out (Article 153) since one arm of the Authority - 
the Enterprise - will actually be in the business of seabed mining. 
The powers and functions of the Authority are those which are expressly 
conferred upon it by the Convention. In addition, it. will have 
such incidental powers as are "implicit in and necessary for" the 
exercise of those powers and functions (Art. 157, paragraphs 1 
and 1 bis). While at least four types of operations related to 
seabed mining are contemplated in the Convention: (l) scientific 
research; (2) prospecting; (3) exploration and exploitation (mining) 
and (4) subsequent operational stages such as transportation, 
processing to obtain metals, and marketing, the Authority's central 
role is only in relation to the third of these, i.e. "activities 
in the Area," defined in Art.1 paragraph 3, as being "all activities 
of exploration for and exploitation of, the resources of the Area."

3. No powers are expressly provided for in relation to scientific 
research, except that the Authority may itself carry out scientific 
research, and it is given a vague power to coordinate and disseminate 
the results of such research [Articles 143(2), 256]. Only very
limited powers are conferred on the Authority in regard to prospecting, 
i.e., to receive notifications from intending prospectors, and 
secure compliance with the Authority's rules on protection of the 
marine environment and cooperation in training programmes (Annex II, 
Article 2). As to transport of minerals, processing to the metal 
stage and marketing, the Authority is empowered to carry out such
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operations (Article 170) but is given no regulatory role in relation 
to such operations carried out bv others. The reason is that the
latter operations are generally carried out on the sea (transport, 
some processing), or on the land territory of a State (processing 
to the metal stage, marketing) and are thus outside the field of
jurisdiction of the Authority, which is the seabed and ocean floor 
beyond national jurisdiction.

4. Exploration for minerals and mining (exploration and exploitation) 
being the only "activities in the Area," are the only operations 
in relation to which the Authority is to perform a regulatory function. 
Although the Convention has been negotiated against the background 
of an emerging industry for the mining of polymetallic nodules, 
containing nickel, copper, manganese and cobalt (besides many valuable 
trace elements) and is very much oriented toward nodule mining, 
it is designed to cover the whole mineral field (Article 133, 151(3) j. 
While, at the beginning of the negotiation of the Convention, the 
living resources of the Area, as part of the "common heritage of
mankind", were discussed, the definition of "resources" makes no
reference to them.

5. The Authority's central role in relation to exploration for
and exploitation of, the seabed's mineral resources is spelled 
out in Article 153. Other important functions provided for relate 
to (1) registration and publication of notifications of limits 
of national jurisdiction (Article 134); the equitable sharing of 
benefits derived from the Area [Article 140(2)J; marine scientific 
research (Article 143); transfer of technology (Article 133); 
protection of the marine environment (Article 143); protection 
of human life (Article 146); the erection, emplacement and removal 
of installations connected with activities in the Area (Article 
147); implementation of the production policies set forth in Article 
151, including (a) participation in commodity .arrangement for metals 
produced from the seabed, (b) application of production limits 
and (c) administration of a system of compensation for developing 
countries which suffer adverse effects on their export earnings 
or economies resulting from a reduction in the price of an affected 
mineral or volume of the mineral exported by them, as a result 
of seabed mining activities.

STRUCTURE

6. The Convention allocates to the organs of the Authority respon
sibility for carrying out these various functions. There are 
designated, as the "principal organs" of the Authority: the Assembly,
the Counc i 1 and the Secretariat. The re is also an organ of a unique 
character, the Enterprise, which will carry out the operational 
functions of the Authority, i.e., the Authority in its role as 
seabed miner, and is given substantial autonomy for that purpose.
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These, together with any subsidiary organs will be dealt with in 
turn. It is important to note that as between the Assembly and
the Council, the Convent ion maintains a strict separation of powers 
[Article 158(4)].

THE ASSEMBLY

7. The Assembly is the plenary organ of the Authority. It has
the power to establish the general policies of the Authority, but 
in doing so must act in conformity with the Convention ( Article
160). It can discuss any question or matter within the competence 
of the Authority, and may decide whether a particular matter which 
is not specifically entrusted to any organ, should be dealt with 
by the Assembly, or by some other organ. The Assembly meets once 
a year in regular session [Article 159(2)].

8. The Assembly is considered to be the "supreme organ" of the
Authority. However, Article 160 emphasizes that this "supremacy" 
is not because it is given any intrinsic power higher than that 
of the other organs, but because it is the organ in which all States 
Parties are represented, and "to which the other principal organs 
shall be accountable." (Art.160) The real dominance of the Assembly 
lies (a) in its ultimate control of the budget, and (b) through
its power to elect the members of the Council. A detailed list
of the powers and functions of the Assembly is set out in Article 
160, paragraph 2, in accordance with the principle of separation 
of powers established by Article 158(4). This list is intended
to be exhaustive. In order to make the list complete, it will be 
necessary to add other powers conferred on the Assembly or the 
Authority elsewhere in the Convention. These include powers in
relation to: (1) Selection of members of the Seabed Disputes Settlement 
Chamber (Annex V, Article 36); (2) assessment of contributions 
to the expenses of the Law of the Sea Tribunal (Annex V, Article 36); 
(3) requests for advisory opinions from the Seabed Disputes Settlement 
Chamber [Article 189, Annex V, Article 40(2)]; (4) payments and
contributions with respect to the exploitation of the continental 
shelf beyond 200 miles [Article 82(4)]; (5) funding of the Enterprise, 
and the related re-payment schedules (Annex HI, Article 10); 
(6) regulation of production of minerals from the Area other than 
minerals from nodules [Article 151(3)]; (7) functions specified
in Articles 143 (research), 144 (transfer of technology), 145 (pro
tection of the environment, 146 (safety of life); (8) the amendment 
procedure (final clauses not yet negotiated).

9. Decisions by the Assembly will be by majority on the basis
of one State - one vote, with decisions on questions of substance
requiring a majority of two thirds of those present and voting, 
provided such majority includes at least a majority of members
taking part in the session [Article 159(5)(6)(7) ]. The decision
making procedure provides devices tor safeguarding minority rights:
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deferment o£ a first vote on any matter for 5 days at the request 
of one-fifth of the membership [Article 158(8)]; and determent 
of action at the request of one-fourth on the membership, pending 
receipt of an advisory opinion from the Seabed Disputes Settlement 
Chamber [Article 159(10)].

10. The Assembly has the power to establish subsidiary organs
[Article 160(d)] but none are specifically provided for in the 
Convention.

THE COUNCIL

11. The Council is the executive organ of the Authority. It is
empowered to establish "specific policies" of the Authority. In 
so doing, it is required to act in conformity with the general 
policies laid down by the Assembly. A detailed list of the Council's 
powers and functions is contained in Article 162. These powers 
and functions are in general, complementary to those of the Assembly 
in that they foresee that the Council will in nearly all cases 
make recommendations to the Assembly on how the Assembly itself 
might act in the exercise of its own functions and powers. Thus, 
for example, the Council will recommend to the Assembly for adoption, 
the rules, regulations and procedures applicable to operations 
in the Area [Article 162(2)(n)], or again, recommend to the Assembly 
a system of compensation for developing countries whose economies 
are adversely affected by inputs into the metal market from seabed 
mining [Article 162(2)(m)] and [Article 151(4)]. Other powers and 
functions belong to the Council alone, such as the approval of 
plans of work [Article I62(2)(j)l, general supervision and control 
of operations [162(2)(a), (k), (i), (y) ], preparation of the budget
of the Authority [162(2)(g)]. The Council also has reporting functions 
[Art.16 2(2)(h) ], functions in regard to dispute settlement [Art. 162 
(2)(s)(t)(u)(v)] and the Authority’s rules relating to financial 
arrangements [Art.162(2)(x)].

(NOTE: other powers may be added in the course of negotiations,
complementary to those referred to in paragraph 8 of this paper.)

12. The Council is empowered to establish subsidiary organs [Art.162(2) 
(d)]. One such subsidiary organ is provided for in outline, while 
two subsidiary organs are established by the Convention itself: 
The Economic Planning Commission and the Legal and Technical 
Commission. These are dealt with below.

13. The composition and decision-making procedure of the Council 
is one of the most difficult problems before the Conference on 
the Law of the Sea, and is still subject to negotiation. The following 
aspects appear settled:
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(1) It will be a body of limited membership, as befits an executive 
organ designed to operate in a business-like and efficient 
manner. The current figure of 36 may possibly be expanded 
to ensure proper representation.

(2) Its representative character will reflect economic, (land- 
based producers, major consumers of metals, the technologically 
advanced seabed mining countries and certain categories of 
developing countries), political (socialist States and market 
economy States), and geographic or regional interests. It 
may also have to take into account the need of each group 
to have its views given a weight identical to each of the 
others.

14. The current text of Article 161 requires election by the 
Assembly to membership of the Council of first, 18 States in the 
following categories:

4 from among the eight wLth the largest investment in seabed
mining, including one socialist;

4 of the world's largest consumers of metals, including one 
socialist;

4 of the world's largest exporters of metals; and

6 States representing a variety of developing counties' interests; 

second,

18 States from five specified regions, at least one being 
from each region: Asia, Africa, Latin America, Eastern Europe
(Socialist) and West Europe and others. This election must
ensure, taking into account regional representation already
achieved in election of the first 18 States, that these regions
are equitably represented (numerically speaking) on the Council 
as a whole.

15. Decisions on matters of substance currently require a three-
fourth majority of those present and voting, provided this figure
includes a majority of States participating in the session. Decisions 
on procedure are by a simple majority. It is unlikely that decision 
by qualified majority will be adequate to protect the needs of
the participating States, and a variety of voting systems more
sensitive to the interests of important group interests will be
considered as negotiations proceed. [Art. 161(7)].

16. Conceived as an executive organ, the Council is required



321.

co meet "as often as the business of the Authority may require" 
but in any case no less frequently than three times a year. It 
is likely that the diplomatic representatives in the capital at 
which the headquarters is located will function as members of the 
Council. In time, as business develops, permanent specialised personnel 
may be appointed to these missions.

THE ECONOMIC PLANNING-COMMISSION (ART. 163-4)

17. The Economic Planning Commission is the Council's economic
adviser. As currently conceived it will have 15 members elected 
by the Council upon nomination by all States Parties to the Convention. 
The Council may increase the size of the Commission. Unlike members 
of the Council, members of the Commission are elected for their
specialist competence (due regard being paid to equitable geographical 
distribution), and will function in their individual capacity. 
Decisions are to be made by a two—thirds majority vote. Adequate 
provision has yet to be made for their remuneration, which itself 
will depend on whether the Commission is to be in permanent session
or meet periodically. The functions of the EPC are set forth in 
Article 164(2), and in general, concern:

(1) monitoring of the metal market with a view to safeguarding 
the interests of land-based metal producers, and

(2) making recommendations on remedial action, including the
establishment of a system of compensation under Article 151(4). 
The list of functions of the EPC is not, however, complete.
For example, the EPC will also be required, in consultation 
with the Legal and Technical Commission to recommend to the 
Council, rules and regulations governing incentives to be 
accorded to joint ventures [Annex II, Art. 12(14)].

THE LEGAL AND TECHNICAL COMMISSION (ARTICLES 163 AND 165)

18. The basic structure and concept of the Legal and Technical
Commission (LTC) is similar to that of the EPC. Its functions are 
set out in Article 165, and are of the highest importance from 
the operational point of view. Most important of all, is that of 
reviewing all plans of work submitted to the Authority, and making 
recommendations to the Council as to whether they should, or should 
not be approved [Article 165 (2)(b)]. Next in importance is the 
LTC's function of drawing up the great multiplicity of rules, 
regulations and procedures governing operations, for example, those 
listed in Annex II, Article 16, keeping them under review, and
recommending amendment when necessary [Article 165(2)(g) and (h)]. 
Besides these, the LTC has supervisory [Article 165 (2)(c) and
(d)J and environmental protection [Article 165(2) (e),(f),(g) ] powers.
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THE SECRETARIAT

19. The Secretariat is to be international in character, selected 
so as to secure the highest standards of efficiency, competence 
and integrity and recruited on as wide a geographic basis as possible. 
It will be headed by a Secretary General elected by the Assembly. 
The Secretary Ceneral and staff are not to seek or receive instructions 
from any source external to the Authority and must observe strict 
secrecy provisions (Articles 16b-8).

THE ENTERPRISE

20. Unique among the organs of the Authority - and indeed of
any existing intergovernmental organization - is the Enterprise, 
the operational arm of the Authority. Through the Enterprise, the 
Authority, as the administrator of the "common heritage of mankind", 
may itself engage in seabed mining on a commercial basis, with 
a view to earning revenues on behalf of all States Parties. It
is a unique legal expression of the new concept of cooperation 
and inter-dependence which is the foundation of the New International 
Economic Order.

21. Legally speaking, the Enterprise is something of a paradox.
Structurally it. is declared tc be an integral part of the Authority 
- "an organ of the Authority", no less [Article 170(1)]. And yet 
it is granted substantial autonomy in the performance of its functions, 
which are to carry out activities in the Area, i.e. exploration 
and mining operations, and also to do prospecting, transportation,
processing of minerals to the metal stage, and marketing - and
indeed any other associated activity [Art. 170(1) and (2)]. While 
the Enterprise is constitutionally firmly linked to the Authority, 
and subject to directions by the Council [Art.162(2)(i) ] , it has, 
by virtue of its Statute, contained in Annex III, powers of legal 
action normally possessed by autonomous legal entities. Thus it 
can contract, acquire property, and sue and be sued in its own
name [Annex III, Art.12(2)]. It is accorded substantial privileges 
and i mmun ities on the basis of its inter—governmental cooperative 
and social nature, but execution can be levied against it, if a
final judgment is delivered against it. [Annex III, Art.12(3)]. 
The current draft of the Statute of the Enterprise takes away the 
tax exemption accorded to the Enterprise in previous drafts, and
reflects the conventional fiscal approach which would view the 
Enterprise as simpiy another commercial venture. Negotiations are
proceeding, however, and efforts will no doubt be made to re-introduce 
the tax privileges of the Enterprise in view 0f jts unique social 
conception and goals.

22. The Enterprise is required by its Statute to engage in the
business of seabed mining [Annex HI, Article 11(1)], It is assured
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of the funds equivalent to the outlay required for a series of 
operations, from exploration through transportation to processing 
and marketing [Annex III, Article 10 (3)], as well as of its initial 
administrative expenses. Technology will be made available to it 
by other entities engaging in seabed mining pursuant to the obligations 
they undertake toward the Authority (Annex II, Article 3). The 
policies of the Enterprise will be established, within the limits 
specified by the Council, by a Governing Board of 15 members elected 
by the Assembly. The members of the Board are to be elected for 
their competence (due regard being paid to equitable geographical 
representation) and will serve in their individual capacity. They 
will not be representatives of governments, and their independence 
in the performance of their functions is guaranteed [Annex III, 
Art.5(4) and (5)]. The chief executive officer, head of the operating 
staff and legal representative of the Enterprise is to be the Director 
General. He will be elected by the Assembly on the recommendation 
of the Council upon nomination by the Governing Board. (Annex III, 
Art.6)
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SUMMARY

The function of the International Seabed Authority is to administer the 
international machinery concerned with the management of the "common 
heritage" concept of the seabed and ocean floor beyond the limits of 
national jurisdiction. It shall organize and control activities in the 
Area through powers conferred by the Convention. The Authority will 
perform regulatory functions over exploration and mining (exploration 
and exploitation) of the whole mineral field, including polymetallic 
nodules.

The Convention allocates the responsibility of functions to the organs 
of the Authority and maintains a strict separation of powers between 
the Assembly and the Council.

The International Seabed Authority

The Assembly - plenary and supreme organ
- has power to establish the general 
policy of the Authority, conferred 
by the Convention

- must act in conformity with the 
Convention

- has ultimate control of budget
- elects members of the Council

The Council - executive organ
- limited membership reflecting
economic, political and geographic 
interests

- power to establish specific policies 
in conformity with policies of the 
Assembly

- separate powers, e.g. work plan 
approval, preparation of budget

- may establish subsidiary organs
- composition and decision-making 
procedures still subject to negotia
tion

The Economic Planning
— Commission - economic advisor to The Council

The Legal and Technical
— Commission - review plans of work submitted to

The Authority
- make recommendations thereon
- draw up regulations governing 
operations

the
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- Secretary General elected by The 
Assembly

- international in character
- receives instruction solely from 
The Authority

- adheres to strict secrecy pro
visions

- operational arm of The Authority 
(may engage in seabed mining on 
commercial basis)

- subject to direction by The 
Council

- policies established within limits 
of The Council

- substantial autonomy in perfor
mance of its functions

QUESTIONS

1. Define: The Authority, The Enterprise, The Assembly, Council.

2. What powers does The Authority have in regard to scientific 
research, prospecting, later processes cf mining (e.g. trans
portation) and exploration and exploitation?

3. What are the functions of EPC and LTC?

4. The Enterprise is unique among the organs of the Authority. 
Explain.



326.

PART IV

THE NEW INTERNATIONAL ECONOMIC ORDER

AND THE LAW OF THE SEA



327 .

POTENTIAL BENEFITS DERIVED BY 

DEVELOPING COUNTRIES FROM THE 

EXPLOITATION OF THE SEABED

by

Alfredo Boucher
Director of Mining Promotion
Argentina



328.

POTENTIAL BENEFITS DERIVED BY DEVELOPING COUNTRIES 

FROM THE

EXPLOITATION OF THE SEABED

I.

INTRODUCTION

The conditions affecting our planet, the causes of which are widely 
known, have brought into being a movement which is increasingly 
quantitative and qualitative and whose purpose is the establishment 
of a world order. There is no longer any doubt in the minds of states
men, scholars, technicians, and even the common man, that the issue 
is now beyond the bounds of philosophical abstractions and has become 
a pressing need of a practical nature.

The New order must be global. Even though the economic element 
is prominent in the design of its framework, according to the new
trends, it is essential to stress the social, political and cultural 
aspects as well. Thus, one author has written that "two conditions 
are needed to accelerate global development:firstly, ambitious social, 
political, and institutional changes in the Third-World coyrjtries; 
and secondly, deep changes in the present world economic order."—

It also seems obvious that the burden of promoting and operating 
such a change cannot solely fall on the shoulders of government 
officials and experts who negotiate in international circles but 
must be undertaken within national spheres, by making and implementing 
decisions aimed at adjusting the respective economic, political,
and social systems.

The New Order, as has been stated, is necessary. For the present 
one, established at the end of the Second World War, is totally
unsatisfactory to a great majority of Governments and the people
they represent, and this occurs not only in that novel institutional 
power center constituted by the Third World but also in industrialized 
countries. In the latter case, it originates as much from a sense * *

1/ Leontieff, Future of the World Economy, New York: Oxford University 
Press, 1977.

* The views expressed in this paper are those of the author and 
do not necessarily reflect positions or opinions of the Argentine 
Government.
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cf one's own responsibility and of international social justice, 
as for reasons of economic and political necessity. There are many 
factors interacting in this process. Factors such as the revolution 
of knowledge, the population explosion, the development of communica
tions, the interdependence of countries, the rapid decolonization 
of the last decades, all have contributed to produce a novel and 
unknown gravitation of the peripheral world, until recently under 
the absolute tutelage of the great power centers. This part of the 
world, which is really a new world, is precisely the one which has 
the greatest concentration of world population, submerged, in many 
cases, in disquietingly low subsistence levels. It is thus that 
the Third World, having fulfilled its aspirations of political freedom 
and after the last explosions resulting from its struggle for indepen
dence, has been confronted rationally with the subject of economic 
and social well-being as a dominant concern which must be resolved.

Within the framework of the New Order, one must not forget 
the Third World's persistent fight to gain more equitable conditions 
in the trade exchanges between commodities and manufactured goods, 
both in price ratios, which have historically determined negative 
positions in terms of exchange,and with respect to its nondiscriminatory 
commercialization and the possibilities of control of natural resources 
as a corollary of the respect for national sovereignty.

In view of this summary, th^ immediate conclusion is that the 
New International Economic Order - is only part, perhaps the best
known and most developed, of the establishment of a New Global Order. 
Its composition must include, among others, the following key compo
nents: action with respect to financial and monetary reforms; industria
lization and absorption of technologies; a change in the distribution 
of income; improvement of the nutritional situation and new approaches 
to the special problems of arid zones; action towards self-sustained 
development, both individual and collective (the latter expressed 
in terms of horizontal cooperation); priority action on the problems 
of employment, health, basic needs and extreme poverty, and, of 
course,on international trade and the efficient use of natural resources.

This framework also comprizes another key component: the new 
reality resulting from the mineral resources of the seabed and the 
subsoil thereof beyond the limits of national jurisdiction and,

2/ Resolution 3201 (S-VI) of the United Nations General Assembly.
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naturally, the Third United Nations Conference on the Law of the 
Sea which, in our field, is negotiating the establishment of a system 
for the administration and exploitation of what has come to be known 
as the Area and its resources.

This introductory summary serves t.o show that the subject of 
“his chapter is closely linked to the establishment and operation 
of the New International Economic Order, which in turn, is a component 
of the New Global Order.

2.

BACKGROUND AND NORMATIVE BASIS

In his note verbale of 17 August 1967, submitted pursuant to Article 
14 of the Rules of Procedure of the United Nations General Assembly 
(Document A/6695), Ambassador Arvid Pardo said:

...the time has come to declare the seabed and the ocean floor 
a common heritage of mankind and that immediate steps should 
be taken to draft a treaty embodying, inter alia, the following 
principles....(c)...and their economic exploitation shall be 
undertaken with the aim of safeguarding the interests of mankind. 
The net financial benefits derived from the use and exploitation 
of the seabed and of the ocean floor shall be used primarily 
to promote the development of poor countries.

In the same note verbale, he included a proposal to safeguard 
the interests of mankind in the use and exploitation of the Area 
and its resources, allocating the net financial benefits primarily 
for the development of poor countries "through the creation of an 
international agency... to assume jurisdiction...as a trustee for 
all countries."

This was the proposal that heralded a process of analysis and macro
negotiation in the United Nations which resulted in what can be 
considered a constituent or fundamental norm^for dealing with the 
question. It is the Declaration of Principles - of 20 December 1970. 
This Declaration sanctions a revolutionary principle of international 
law by declaring that the seabed and its resources beyond the limits 
of national jurisdiction constitute the Common Heritage of Mankind.

3/ Resolution 2749 (XXV) of the United Nations General Assembly.
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There is no point in going over Resolution 2749 (XXV) or in trying 
to characterize the concept of the common heritage of mankind, as 
this is not the subject of this chapter. But, in the context of 
our study, the rightfully termed "Declaration of Principles" establi
shes:

(a) that the activities in the Area must be carried out for 
the benefit of mankind as a whole, taking into account the interests 
and needs of developing countries;

(b) that States should agree on an international treaty in 
order to establish a regime applicable to the Area, including, of 
course, the control of those activities and the creation of an inter
national organization to that effect, and

(c) that among the aims of the regime, special emphasis is 
given to that of ensuring the equitable sharing of the profits by 
States, with the explicit affirmation of the interests of the developing 
countries.

Wher. one reads through Part XI of the Informal Composite Negotia
ting Text, Revision I — and the changes proposed by the Chairmen
of the Negotiating Groups at the end of the Eighth Session, one
finds various normative measures which affirm the general principles 
stated above. As an example, the following can be used as reference: 
Articles 140, 143, 144, 148, 150, 155, 16C(j); Annex II, Articles
5 (e), 8 bis 4, 12 (f). Of course, this is not an exhaustive listing, 
since the concept is intrinsic to thp text and its presence is being 
increasingly felt in the negotiation

From a broader point of view and with regard to the transfer
of scientific information and technology, Articles 202, 203, 266, 
269, and 270 of the Text can be used for reference.

4/ A/C0NF.62/WP. 10/Rev.l.

5/ The texts of the articles mentioned appear in Appendix 1.
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THE BENEFITS

It is not an easy task to review the subject of benefits for rhe 
developing countries: to identify these benefits, to prove their
existence, and to establish, in each case, what the levels would 
be.

3.

To begin with, the differences which characterize the countries 
of the Third World must be omitted; these countries must be considered 
as forming part of a unit which has already come to understand its 
influence due to its increasing political and economic importance. 
As such, the Third World confronts the industrialized nations and 
struggles to reformulate the rules of the game of existing economic 
relations, with special emphasis on raw materials, on the terms 
of international trade, on scientific and technological change, on 
the flow of financial resources, and on cooperation within the Third 
World itself and with the developed world.

Under the present circumstances, it is impossible to ignore 
the fact that the emergence of a new source of mineral resources, 
whose quantitative and qualitative characteristics give us reason 
to consider it as virtually inexhaustible, constitutes a propitious 
event for mankind. In a world of "planetary sovereignty," there 
would be no doubt that this new resource would be exploited rationally 
and that its output, through greater availability of raw materials 
as well as through improved industrial yield, would be essentially 
and globally profitable.

When new sources of wealth become economical, their development 
is inevitable. Moreover, from a purely economic point of view, this 
is desirable. This is borne out by simple axioms. For instance, 
in a market economy, a greater supply of metals wouid give a greater 
number of people access to better and more abundant goods at lower 
prices. But the world reality is very different, given the various 
degrees of relative development and of the concentration of income 
in the developed world. Add to this that the exploitation of that 
new resource will mean the entry into the market of a strong competitor 
for many countries of the Third World which base their fiscal income 
and availability of foreign currency precisely on the production 
of minerals and metals: a competitor who will vie for investments
with those countries that wish to develop their mining resources.
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In accordance with these general guidelines, an analysis of 
the prospective benefits could be conducted with regard to the following 
categories of benefit:

(a) financial flow;

(b) scientific progress and technological development;

(c) greater availability of metals;

(d) political considerations.

(a)
Financial Benefits

As is well known, the negotiations within the Third United Nations Confe
rence on the Law of the Sea are based on the assumption that exploita
tion of the seabed will be carried out within the framework of a 
"parallel system," consisting, on the one hand, of the Enterprise, 
i.e., the industrial organ of the Seabed Authority, and, on the 
other hand, the entities which hereafter will be referred to as 
the "private sector." -

Mineral exploitation is a business. It has its own particular 
characteristics, stemming, in particular, from the so-called "mining 
risk" and from certain market conditions caused by a very high concent
ration of consumption in the industrialized world, and from the 
oligopolistic trends of the market. Speaking in general terms, invest
ment in mining responds to certain very special circumstances, one 
of which is the interrelation of mining qpmoanies with the consumers 
and with the international banking sector.-'The immediate consequence 
of this is that the mining developments and, very often, their post
ponement or paralysis are handled according to guidelines reflecting 
these interrelations and characteristics.

6/ Article 153, 2 (b) defines it thus: "in association with the 
Authority by States Parties or State Entities, or persons natural 
or juridical which possess the nationality of States Parties 
or are effectively controlled by them or their nationals, when 
sponsored by such States, or any group of the foregoing which 
meets the requirements provided in this Part including annex 
II.

7/ See generally, Terence H. Moran, "Multinational Corporations 
and the Politics of Dependence."
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Seabed mining will have certain special characteristics which,
in the view of this writer, will re-inforce what has been stated.
The existence of an investment climate exempt from political risks,
the fact that the consumer countries will be the ones to exploit; 
the resources of the Area for a long time, the availability of a
wide fringe of the market, and the reasons arising from national 
security considerations centered on the assured supply of metals, 
are some of these differential circumstances.

With regard to the companies from market-economy countries, 
it must be assumed that a very strong motivation will be provided 
by the emerging profitability of the project.

Consequently we can reasonably assume that every seabed mining 
project will generate profits. Of course, profitability will have 
to be judged with respect to the entire life of the project, since
the existence of depressions and peaks of prices does not provide 
an appropriate measure. Mining exploitation is not a game of chance. 
The investment is made considering the entire life of the deposits, 
and if peaks and valleys really exist, they compose a compensating
curve which shows the estimated profitability.

Having made this essential clarification, we must return to 
the parallel system. The activities of the "private sector" will
be carried out by means of contracts which will include a financial 
section regulating this type of relation between the Authority and 
the contractors. These arrangements are explained in other chapters
of this volume. Here it may suffice to recall that the text now 
proposed, and which can already be considered as an acceptable compro
mise, establishes two systems:

(i) the single system, which consists in paying a production 
charge of 5 percent during the first ten years of commercial production 
and 12 percent during years 11 to 20, or to the end of the contract. 
These percentages apply to the market value of the processed metals 
produced from the nodules extracted from the contract area.

(ii) the mixed system, which consists of:

(a) a production charge of 2 percent during the first 
period of commercial production and cf 4 percent during the second 
period. One period follows the other when the contractor's net proceeds 
exceed for the first time his development costs with a 10 percent 
interest on the portion of those costs which was not recovered by 
the net proceeds. There is a safeguard clause by which, whatever
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the economic year, the contractor would pay the lower charge if 
the yield of his investment in that period is less than 15 percent; 
plus

Q /(b) a share of the attributable net proceeds, as follows:—

Investment yield First period of Second period of
commercial commercial
production production

More than 0 % but
less than 10  % 35 % 40 %

10 % or more, but
less than 20 % 42.5 % 50 %

20 % or more 50 % 70 %

In other words, in both cases the Authority will receive a
financial contribution. In the single system, the use of which would 
appear to be limited to countries with a centrally planned economy,
the income will not depend on business profitability. The result 
is the same, whether the undertaking is good, fair, or bad. On the
contrary, in the second system, the Authority has the possibility
of obtaining greater income in direct proportion to the net profit
of the contractor, even though all that is guaranteed is the collection 
of a smaller production charge. The sum total is more or less the
same.

The fact that we are dealing with a new industry, the lack
of knowledge of the real evaluations and assumptions of the operating 
consortia, and the difficulty in scheduling the time and program 
of commercial operations, are some of the factors which make it
so difficult to work with concrete figures of income for the Authority. 
Nethertheless, during the negotiations in Working Group 2, brilliantly 
presided over by Ambassador Tommy Koh of Singapore, it was necessary 
to monetize different cases which could arise from combinations 
of assumptions different (particularly with regard to investment 
values and metal prices) from those assumed by the econometric model

8/ See paper A/C0NF.62/C.I/L.26.



336.

produced by the Massachussets Institute of Technology in March, 
1978.—  ̂This monetization is recorded in the following table.

ESTIMATE OF THE MONETARY VALUES OF THE PROPOSED TAX SYSTEMS

(1) (2) (3) (4) (5) (6)

Case Mixed system Single system

Payments
(millions

of
dollars)

Internal
yield
rate
%

First year 
of second 
period 
year

Payments
(millions

of
dollars)

Internal
yield
rate

%

A 258 Ô . 1 — 527 5.1

B 429 8.5 20 638 7.9
c 574 13.8 3 599 13.7

D 1,015 19.5 5 807 20.1
2 1,792 20.2 6 1,312 20.9
p 1,964 23.9 5 1,312 25.0

Looking at the different assumptions on which the cases mentioned 
are based, I have chosen to use other variables for the purposes 
of this chapter. These are:

(i) lev.el and characteristics of production, according to the 
original MIT model;

(ii) development and operational costs, according to the University 
of Aachen model; —

(iii) prices of metals (nickel, copper, cobalt) at the December 
1979 levels.—

9/ "A Cost Model of Deep Ore Mining and Associated Regulatory 
Issues," MIT, March, 1978.



337.

Taking into account the operation of the mixed system (production 
charge plus sharing in net proceeds), the second period would start 
in the sixth year. Thus we would have:

Proceeds for the Authority:

From the 1st to the 5th year, US$ 37,080,000/year
From the 6th to the 20th year, US$ 53,090,000/year

Total US$ 90,170,000

Considering what has been maintained at the Conference, it
can be assumed that, if there are no problems in concluding the
Treaty, in the market conditions and the development stage of the 
technology, the first commercial exploitation would start in 1990.
Under these assumptions, by 1995 five mining sites might be expected 
to be functioning normally, plus another in the hands of the Enterprise 
of the Authority. If we assume that this latter will have the same 
profitability profile as that ascribed to the private sector and 
that it will transfer to the Authority an amount similar to those 
of the others, then we can count on six sites. And if, finally, 
we assume that during the next years an average of 3 or more sites
could start functioning, the Authority would receive income derived 
from 9 mining developments. This would mean an annual income averaging 
US$ 333,720,000.

We have to make two further optimistic assumptions:

(i) that from the proceeds the Authority would not need to 
use any amount for its own expenditures, and

(ii) that it would not be necessary to compensate for damages 
to developing countries whose economies were harmed by the deep-sea 
mining (Article 151, para.4, ICNT/Rev.l).

10/ "Analysis of the MIT Study on Deep Ocean Mining. Critical Remarks 
on Technologies and Cost Estimates," Aachen/Frankfurt, 1979.

] 1/ (liven the uncertainty which is officially foreseen for recovery 
of manganese and because it is not included in the MIT study, 
we will omit that metal. The December 1979 prices are: Ni,
US$ 3.20 per lb; Cu, US$ 1.45 per lb; Co, US$ 25 per lb.
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Even under more optimistic assumptions, (higher contributions 
from the Enterprise or from joint arrangements) we would have provision
al figures of financial benefits of the Authority the total of which, 
if distributed among States, would be hardly significant objectively 
as contributions towards reaching the relevant objectives in the 
near future. The amounts that countries would receive individually 
would be extremely modest, especially in the initial stages.

Among the several criteria that could be used to distribute 
any net balance, that of uniform distribution to States must be 
discounted, as it does not fit into the framework of the Declaration 
of Principles.

It is also extremely difficult to select and combine guidelines 
to determine the final distribution. As an example, we can quote 
the alternative text of an article appearing in a draft proposed
by Sub-committee I in 1973, which points out that the criteria for 
an "equitable share" must take adequately into account inter alia, 
population, per capita gross national product, and the production 
of mineral resources offshore within national jurisdiction (continental 
=shelf), the situation beyond the 200 meter isobath, as well as literacy, 
protein consumption, daily caloric consumption, life expentancies, 
ohysician per population, per capita energy consumption (annual 
kwh consumption per person), population growth rate, state of human
settlement (congestion and poverty of urban immigrants, aging of 
rural settlements, inadequate housing, health, transport, water
supply, etc.), delays in capital formation, product and income distribu
tion, investment in education, savings rate, the burden of servicing 
the foreign debts and distribution following a rate inversely proport
ional to the respective contributions to the United Nations budget.

On the basis of a report by the Secretary-General of the United 
Nations, certain criteria per distribution can be stated:

(i) Per capita income inversely proportional to the level
of the per capita GNP;

(ii) The funds would be divided in three equal blocks. The 
first is shared by all countries. The second, by all the countries

12/ United Nations document A/AC.138/38, pp. 15 ff.
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level, for example the world per capita GP. The third one is 
shared by those countries with a per capita GDP lower than a 
specific level which would be designated as that of abject 
poverty (e.g. 200 or 250 US dollars). Each block is shared 
in proportion to the importance of the population of each 
country with respect to the total population of the group.

(iii) The previous criteria can be generalized by including 
more blocks and different thresholds, taking into account 
the per capita GDP. The same coefficients defined at the end 
of the above-mentioned criterion (ii), are applied to the 
various countries' participation.

(iv) Taking as a starting point, the portion of the world 
population, an arbitrary level of per capita GDP is 
selected, so that the share of all the countries with a 
higher level will be reduced by a specific factor. The total 
withheld from those countries is re-distributed among those 
whose income level is lower. Countries with a level higher 
than that taken into account preserve a proportion of the 
funds equal to the proportion of their population with 
respect to the world population, divided by the ratio of 
their per capita GDP to the above-mentioned level.

(v) A variant of criterion (d). Countries with a per 
capita income higher than that selected would be liable for 
a similar "tax". The "taxable income", however, would be re
distributed in a progressive manner according to declining 
levels of per capita GDP, starting from the one selected as 
the basis.

In these examples, the incidence of population is strong. 
The study mentioned shows that about half of the total income 
would be distributed according to the criteria listed above 
between two countries. Moreover, small poor countries, would find 
the "force of their poverty" counter-balanced by the low density 
of their population. This is the reason why maximums and minimums 
have been suggested to which every country would be entitled 
regardless of the size of their population.

One could carry the combinations examined above to 
extremes and allocate all the funds to the less developed 
countries. In the report by the Secretary-General, it is 
estimated that a sum of US $ 500 million, if properly dis
tributed among those countries, would amount to a significant 
percentage of their individual GDP (which could be estimated 
at more than 3 %, according to 1973 figures). This means that,



340.

these amounts are relevant in terms of investment and growth, let 
alone as percentages of their exports. But it would appear that 
this is an unacceptable hypothesis for most countries.

Other nonfinancial ways have been devised, such as the allocation 
cf exploration and exploitation areas, the promotion of processing 
in defined national jurisdictions, the limitation of marine production, 
specific compensation policies, allocation of resources to international 
agencies, etc.

As we can see, the problem of distribution of benefits has 
no simple solution. In our view, no criterion implying the atomizing 
of available funds will serve to carry out a policy of using the 
resources "for the benefit of mankind." And even less so from the 
point of view of the developing countries, taken as a global concept, 
and assuming common motivation and aims. The best solution would
appear to be to use the funds to finance special co-ordinated programs, 
previously evaluated as useful to mankind, with special stress on 
the developing countries, particularly the least developed or those
affected by structural or conjunctural factors restraining development.

These programs could be designed so as to assure the amortization 
of the cost and an appropriate interest, whenever it is possible.
Consequently, the amounts allotted for financing these programs 
could be reimbursed in terms that will vary according to the type 
of program and the ability to pay of the countries involved, and
as a function of the rate of return of each investment. Thus, investment 
should be maximized and the financial assets would remain in the
system which, in this way, would increase its resources with the 
passing of time. Of course, according to this criterion, the role
of the funds prevails over the subjective right of each State with 
respect to collection.

This solution is certainly not new. Nor is it suggested that 
it is the best —  let alone that it is shared universally. Yet,
it has certain recognizable advantages:

(i) It limits the discretion of governments and determines 
how funds are to be used with global or regional priorities.

(ii) It helps to consider the possibility of establishing central 
or regional stations to provide information, training, planning, 
technology and other services, avoiding the overlapping of efforts,
and thus maximizing the results per unit of currency invested.
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(iii) The natural resources and the means of two or more countries 
could be usefully combined, as projects, of the right size and maximal 
results, and functionally planned in order to cover, intrasectoral- 
ly, the needs of several countries at the same time.

(iv) The use of an international agency, already existing or 
to be created, is essential for its balancing functions, such as 
the management of buffer or emergency stocks, compensation funds 
or financial reserve mechanisms.

(v) Such a system, it should also be kept in mind, can mobilize 
private funds by borrowing from third parties, even in the contingency 
of supplementing interest rates in order to make investments more 
attractive. Given the cumulative process, the availability of credit 
would not be limited to a fixed capital, and the usable funds could 
reach more significant levels.

(b)
Benefits in terms of transfer of technology

A report by the United Nations Conference on Trade and Development 
(UNCTAD),¿2/which is highly recommended reading, states at the beginning 
of Chapter VI:

The conclusion to be drawn from Part I is that, despite techno
logy's contribution to the economic growth experienced by develop
ing countries over the last one or two decades, poverty, inequality 
and human misery are very much a reality and have even increased. 
The struggle for survival has, in turn, increased the likelihood 
of further man-made ravages on the natural environment. It 
has been suggested that the durability of social and economic 
structures inherited from the past has impeded genuine development 
and prevented technological innovations and their benefits 
from spreading widely. Moreover, the economic cost of imported 
technology has been high for developing countries because of 
their weak bargaining position with respect to transnational 
enterprises and because of the nature of the industrialization 
policies that have been pursued. In addition, the kind of techno
logy transferred in connection with these policies has also 
contributed to the present state of affairs.

13/ The Transfer of Technology. Its Implications for Development 
and Environment, New York: United Nations, 1978.
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This paragraph leads us to conclude that, in general terms, 
"the present state of affairs" is characterized by the fact that 
one of the factors underlying the gap between industrialized countries 
as a whole and developing countries, also as a whole, is the very 
differing ability for creation and development of technology and, 
therefore, the availability of the iatter. To this should be added 
the very differing ability to take decisions responding to the 
real interests of each country (or groups of countries) and to make 
viable use of the technologies which could be acquired, given the 
differing capacity for obtaining them.

It is because of this situation that one of the principal demands 
of the Group of 77 in the Third Conference on the Law of the Sea 
is for mandatory provisions on the transfer of technology. This is 
only natural if we bear in mind that this Conference is deeply involved 
in the building of a New International Order.

Two approaches can be identified within the framework of the 
negotiations and the IC'NT.

The first one seeks the promotion of the "development and the 
transmission of marine science and technology on equitable and reasonable 
terms" with regard to technological hardware as well as personnel 
training and international cooperation, particularly at the regional, 
subregional and bilateral level.

The purpose of establishing such a procedure in a Treaty on 
the Law of the Sea is so clear that it requires no further comment. 
Or perhaps one comment could be added to all those that have been 
made and accepted. Among the developing countries, there are several 
that have been carrying out basic oceanographic research for some 
time now, and have the ability to use that research. This 
leads to the conclusion that, without disregarding the provisions 
to be incorporated in the Treaty, or rather in accordance with these, 
a system of horizontal cooperation could be established within the 
framework of the Group of 77, including appropriate mechanisms for 
the compensation for such transfer. In the context of North-South 
relations, these technologically more advanced countries should 
play a leading role in global talks while the other countries in 
the Group advance in acquiring the necessary knowledge. From the 
coordinated use of these advantages, the Group of 77 could derive 
practical and global benefits.

The second approach is suggested by the framework of deep-
sea mining itself. It is well known that, in this field, there is 
a monopoly in the North with regard to research and development 
as well as the technologies for exploration, extraction, and processing.
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It can be argued that this technology is in a first-generation stage 
and that there are still many steps to be taken to test the systems
on an industrial scale; this is true and should be accepted. But
it cannot be denied that this concentration exists. This is why 
one of the political conditions which would make the so-called "parallel 
system" acceptable is that the Enterprise of the Authority must be 
a viable entity from the earliest stages of nodule mining. In this 
context, one of the topics that was the object of detailed and
hard negotiations has been that of the transfer of technology to 
the Enterprise. For it is obvious that, without such technology
and the necessary training of personnel, the Enterprise would not 
be viable, and its establishment would remain merely theoretical.

Although, at this writing, there is no explicit formula which 
could be accepted by consensus, its elements, within the framework 
of the negotiating package, seem to be coming closer to general 
acceptance. It is not too much to say, furthermore, that these elements, 
although they do not reflect the goals of the developing countries, 
imply a system which can be qualified as the most advanced tĥ tĵ  
has so far been agreed upon at any global negotiations on the subject.--

It would exceed the limits of this paper to describe this system 
which, moreover, can be studied in the document quoted in the preceding 
footnote. What must not be forgotten, however, is that these very 
measures proposed to make the Enterprise viable in technological 
terms, can be applied "for the benefit of a developing country or 
a group of developing countries which has applied for a contract 
under article 8 bis, provided that these measures shall be limited 
to the exploitation of the reserved part of the Area proposed by 
the applicant, and provided that activities under the contract sought 
by the developing country or group of developing countries would 
not involve transfer of ̂ ^chnology to a third country or the nationals 
of a third country."—  If there is consensus on this provision, 
and it remains in the text, it will mean, despite the qualifications 
and limitations, a real benefit to developing countries, both as 
a philosophical principle and for the practical impact it will have 
on their effective participation in deep-sea mining in the Area 
or under their national jurisdictions.

14/ See, provisionally, WG.21/ Informal Paper 8.

15/ Ibid., para. 3 (e). Article 8 bis, as well as Article 5 with 
the text proposed in the document, appears in Annex II to the ICNT.
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( O

Benefits derived from the greater availability of minerals

One of the theses heard more often at the Third United Nations Con
ference on the Law of the Sea maintains that the greater availability 
of minerals will be an undisputable benefit for the developing count
ries. Of course, this line of thinking has been advanced by the 
developed countries, particularly those which operate within the 
framework of a market economy.

Thus, one author has written:

The seabed negotiation at the Third United Nations Conference 
on the Law of the Sea (UNCLOS) is widely viewed as a contest 
between ocean miners in industrialized countries on the one 
hand, and the impoverished masses in developing countries on 
the other. The underlying presumption seems to be that the 
Third World is the principal supplier of mineral raw materials, 
while the industrialized countries are the ever increasing 
consumers. It is a kind of zero-sum game where the industrialized 
country gains come at the expense of the developing countries. 
A contrasting view which prevails among economists and many 
others is that an activity which increases mineral supplies 
leads to a general gain to society. Among the latter group, 
innovation is considered the key ingredient in real economic 
growth, because it leads to a greater conservation of resources, 
to greater levels of output, or both. Thus, improvement in 
the human condition occurs in part fr^g, innovative effort to 
make better use of the world's resources. —

There is no point in reviewing the above mentioned work, but 
it can be pointed out that it approaches the matter from the consumer 
viewpoint in such a way that the supply of goods is assured for 
the future through a process of investment on resources which are 
self-designated as "public assets."

Aside from the respect which all opinions merit, especially 
those of such qualified professionals as the one quoted above, actual 
facts lead us to different conclusions. For example, we must take 
into account that, broadly speaking, the consumption of metals in 
the non-Communist world is divided very unevenly: with 8b - 90 percent 
going to the industrialized countries and the rest to the developing 
countries. One should also note that among the latter there are

16/ The Economics of the Common Heritage of Mankind, by James L. 
Johnston.
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many which simply do not use metals, due to their very low degree 
of industrialization. Furthermore, the companies which will start 
co exploit the first generation of deep-sea nodules and which will 
enjoy a competitive edge with respect to the second generation, are 
all nationals of developed countries.

On the basis of these assumptions, taken perhaps at random 
and for the sake of brevity, we can deduce that:

(i) there is no indication that the distribution of the consumption 
of metals will change in the short and medium term;

(ii) the seabed produce will probably be considered domestic 
produce in the countries of origin of the operating companies; 
and

(iii) there will be a shift in the demand for minerals and metals 
at the expense of the developing countries which are land-based 
producers.

The effect of this will almost certainly be that the present 
land-based producers (especially of nickel and cobalt) will see 
their growth prospects reduced and that potential producers will 
find their development chances diminished. This could seriously 
affect one of the very bases of development, which is the proper 
use of natural resources. It must be admitted that all these projections 
are somewhat uncertain. The effects of seabed mining for the developing 
countries will depend on how the world economy develops over the 
next three decades and on how the seabed mining industry will be 
organized.

What must be stressed here is that the greater availability 
of minerals and metals will not greatly benefit the developing countries 
as a whole, for the simple reason that they will not have the means 
to process or use these minerals and metals due to their lack of 
a significant industry. Of course, in practice, this greater availabi
lity might lead to the creation of industries, but it does not seem 
to be a step important enough to change the pattern of the North- 
South relationship. One should say that, under the present circumstances 
what developing countries need is capital investment, manufactured 
goods and technology, rather than metals and minerals.

3earing in mind that global risk capital available for mining 
projects is not very abundant and that decisions about its investment 
appear to be in some way commonly agreed on, it is disquieting to
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think that, faced with equal or even lower yields, an important 
part of that capital will be invested in the seabed, thus limiting 
the availability of investment in developing countries.

One of the strategies to achieve a fairer relationship between 
North and South, proposed in some studies, —  stressed the importance 
of the exploration of new natural resources in developing countries 
and of the eventual exploitation of those discovered. This view 
coincides with that of economists who, as stated above, have identified 
the lack of exploration and exploitation of the mineral resources 
as one of the causes of non-development. This view seems to be correct.

If one realizes that mining has a vast multiplier effect, one 
can easily understand that to exploit a deposit means not only to 
avail oneself of its products for internal consumption or for export. 
Mineral exploitation is a fierce consumer of goods and services, 
and it can generate the development of processing and manufacturing 
industries. Also, it could generate regional development and facilitate 
the building of an infrastructure which, in many instances, would be 
useful not only to the country where the resource is exploited, 
but also to a neighboring country. Moreover, at the political level, 
it implies the exercise of sovereignty.

It is fascinating to study the multiplyer effect of mineral 
exploitation, and how benefits have been increasing for the countries 
with the passage of time, whatever the kind of procedure adopted. 
Mining developments can no longer be considered by Governments as 
mere instruments to obtain taxes and fo^ îgn currency, but as levers 
for development. The following comment— is one of the best on the 
subject:

Most governments have looked to extractive operations as ways 
of generating benefits to the economy that are external to 
the project itself. Four kinds of linkages have been pursued in 
particular. First, natural-resource investments are seen as
providing an opportunity to develop industries to process these

17/ North-South: A Programme for Survival. Independent Commission
on International Development Issues. Cambridge.Mass.: MIT Press, 
1979.

18/ Smith-Wells, Negotiating Third World Mineral Agreements, p.98. 
Cambridge, Mass.: Ballinger Publishing Co.
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raw materials, contributing to national income and, where these 
objectives are separated, to stimulate employment and to earn 
foreign exchange. Second, the extractive operations can provide 
the critical market needed for the start up of local industries. 
Third, the operations are looked to for training of manpower 
that can be used in other activities within the country. Fourth, 
the natural-resource project may provide both the increment 
of demand and the funds required for the development of infra
structure, the benefits of which may extend far beyond the 
extractive operations themselves.

3.

POLITICAL CONSIDERATIONS

The Third United Nations Conference on the Law of the Sea will produce 
a draft Convention, Part XI of which will determine the regime to 
be applied to the seabed and its resources which constitute the 
"common heritage of mankind." This regime will include a Seabed 
Authority, defined as "the organization through which States Parties 
shall organize and control activities in the Area, ^^rticularly 
with a view to administering the resources of the Area.... —

From this, we can immediately infer two facts which must be 
considered fundamental.

The first is that the international community has accepted 
as final that the Area and its resources have a status that prevents 
appropriation or the exercise of sovereignty or sovereign rights. 
Consequently, all activities in the Area will be carried out according 
to a system which, by virtue of its inclusion in a Treaty of inter
national law and its origin in the consensus and ratification by 
States, will be a norm that is mandatory and which responds to the 
interests of all States.

Secondly, the establishment of an Authority, the Assembly of 
which has already been declared to be the supreme organ, being composed 
of all States Parties, implies that there will be a mechanism capable 
of supervising the fair implementation of the regime in the Area.

19/ ICNT/Hev.i, Article 157, 1.
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Within that framework, and notwithstanding the influence which, 
for obvious reasons, developed countries will enjoy, it will be
the responsibility of the developing countries, clearly in the majority, 
to play their role in achieving the goals that are common to all
of them, while, of course, they must not forget that Mankind is an
all-embracing concept. This is the responsibility and the challenge.

This gives rise to what, in this author's view, is the greatest 
benefit for developing countries as a whole, if they arrive at the
establishment of a Convention which ratifies the "Declaration of 
Principles" and creates a regime that is acceptable to all of them, 
they will then have the great opportunity to conduct, within the 
framework of this Convention, the work of the Seabed Authority, 
be it through action in the Assembly or in the Council.

This signifies the beginning of a substantial change in the world 
order: the first step towards the institution of what has come to 
be called "planetary sovereignty."

5.

CONCLUSIONS

1. The problems of seabed mining must be considered in the
context of the New International Economic Order. If the system of 
exploration and exploitation and the machinery to administer the
Area and its resources fit into this context, a positive scheme 
of North-South relationship will have been established. This implies 
a benefit that derives from the rights and from the strength of develop
ing countries.

2. The Area must be considered as an ecosystem. Thus, exploitation 
of its mineral resources must be managed rationally, taking also 
into account the development of other natural resources in the Area. 
This requires, among other things, the prevention of damage to the 
environment.

3. The funds which will be collected by the Authority from 
activities in the Area will not be substantial, especially at the
beginning. Their importance is not quantitative: it is ir. the way
in which they will be used. In this chapter, I support the idea 
that the best way to utilize these funds would be to apply them 
to regional development programmes, particularly for the benefit 
of the least developed countries.
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4. Even though the sums involved are modest, they constitute 
a legitimate source for the redistribution of income for the benefit 
of developing countries.

5. The scheme for the transfer of technology to the Enterprise, 
even with the restrictions imposed by commercial interests, will 
contribute to the viability of the Enterprise. It is one of the 
main "tradeoffs" of the parallel system. The same scheme, furthermore, 
will transfer technologies to developing countries which want to 
undertake seabed mining. This constitutes an effective benefit for 
them.

6. The larger availability of metals may be beneficial in theory.
Practically, and taking into account market conditions and patterns
of consumption, this benefit seems rather remote for developing 
countries taken as a whole. Considering that many developing countries 
derive a substantial part of their income from land-based mineral 
exploitation, the impact of seabed production may be harmful to
their economies. Seabed mining thus implies a global cost. The
production control, as devised in Article 151 of the Draft Convention, 
could serve as a balancing factor.

7. Negotiations at the Law of the Sea Conference have been
hard, and many compromises had to be made. Thus the resulting provisions 
are not perfect in relation to the goals and aspirations in each
sector of the negotiations. But they can now be considered as an
actual basis for the new Law of the Sea.

8. The successful conclusion of the negotiations and the adoption
of the Treaty, which implies full participation of developing countries 
in conducting the activities of the Authority, is a vital aim for
developing countries. It should be kept in mind, furthermore, that 
it is only the adoption of the Treaty that will prevent unilateral 
actions which could lead to an uncontrolled exploitation of the 
common heritage of mankind. In this context one should remember
some concepts of the President of the Conference:

If the vast resources of the seabed and ocean floor were left 
open to the free and uncontrolled enterprise of nations possessing 
the technology and capital resources for their exploitation 
—  and these would be the developed nations of the world —  
yet another source of wealth would have been thrown open to 
the developed nations and the plig)^ of the developing countries 
would be rendered infinitely worse. —

20/ The Third World and the Seabed. Hamilton S. Amerasinghe, Pacem in 
Maribus.
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QUESTIONS

1. Discuss the benefits to be derived from the Seabed Authority by 
your country.

a) financially

b) in terms of technology transfer

c) in terms of training and acquisition of managerial skills

d) in terms of participation in international decision-making in 
economic and financial matters.

2. The Author states that industrialized countries will treat the 
nodules as domestic product. Can developing countries do the same? Under 
what circumstances? With what consequences?

3. If your country is a land-producer of the metals contained in the 
nodules, would it lose more or would it lose less by participating in 
nodule mining through joint ventures with the Enterprise? What would be 
the optimum conditions?

4. Make a list of projects conducive to development and industrial di
versification in your country that could be financed by a regional fund 
derived from the profits of seabed mining.
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PROFESSIONAL EXPERIENCE AND TRAINING 

REQUIRED FOR PARTICIPATION

IN THE MANAGEMENT AND EXPLOITATION OF THE MINERAL RESOURCES 

OF THE SEABED 

OPTIONS IN THIS FIELD

1 .

BASIC CRITERIA FOR STRUCTURING THE INTERNATIONAL AUTHORITY

The question of the professional experience and training required 
for participation in the management and exploitation of the mineral 
resources of the seabed must be analyzed in the light of the require
ments of the International Seabed Authority and of the Enterprise, 
with a view to achieving early and effective development of these 
resources for the benefit of mankind.

Whatever experience of this kind may be acquired by the Authority 
and the Enterprise eventually will also be applicable to developing 
countries undertaking activities of exploration and exploitation 
in the area, or in some way participating in such activities through 
forms of association or otherwise. This will be mainly due to the 
fact that the Authority and the Enterprise will be the first entities 
to take part in this process, in addition, of course, to any private 
or State operators who obtain contracts.

From another point of view, the problem might also be considered 
in the context of the needs of a private or State enterprise interested 
in participating in the activities in question, but this is a situation 
unlikely to arise very soon for developing countries, at least not 
on a fully autonomous basis. In principle, it would seem that, to 
begin with, the patterns of participation of developing countries 
will be oriented towards forms of association with the Authority, 
the Enterprise or private consortia, rather than towards operations 
conducted directly by their own enterprises. Thus, the problems of 
professional experience and training will probably come to the fore 
in a second phase, following upon the stage of forms of association 
and the period of experience which the Author;ty and the Enterprise 
will have passed through by then.
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Thus the key to assessing professional and training requirements 
lies in ascertaining what will be the basic criteria for the structuring 
of the International Authority. Three fundamental options may oe 
considered in this connection:

(i) The bureaucratic model, which, as in the case of many 
contemporary international organizations, implies a tendency towards 
self-reliance in the professional field;

(ii) the functional model, which aims at ensuring the fulfillment 
of a function, without paying too much heed to whether the Authority 
can command professional expertise of its own or whether such expertise 
is procured through other mechanisms; and

(iii) the management model, which to some extent represents 
a middle way between the two preceding options. On the one hand, 
the fulfillment of a required function is ensured, but with due regard 
to the availability of the professional resources indispensable 
for the attainment of that objective. On the other hand, the pitfall 
of proliferation of bureaucracy is avoided.

Obviously, each of these criteria implies different requirements 
with regard to professional experience, which will be analyzed in 
the following pages.

2.
THE AUTHORITY AS BUREAUCRATIC MODEL

A first option existing in this field is to conceive of the Internatio
nal Authority and the Enterprise in terms of a bureaucratic model 
similar to that of most of the existing intergovernmental organizations 
and, typically, the United Nations itself. Although experience with 
structures of this type has not been fortunate, the influence of 
the model has been apparent in certain tendencies observed at 
the Third United Nations Conference on the Law of the Sea.

With regard to the professional experience and training required, 
this model makes demands that are difficult to meet, and even if 
they could be satisfied, the model's operational efficiency would 
be extremely dubious.

Let us consider, for example, the many phases of the exploration 
and exploitation of the mineral resources of the seabed a n d  the 
branches of professional activity linked to each' p h a s e :



356.

(i) Research and development: engineering, marine science, 
mining and metallurgical engineering;

(ii) Prospecting: geology, marine sciences, engineering, economics

(iii) Exploration: the same as for prospecting;

(iv) Exploitation: engineering, transport engineering, .mining 
and metallurgical engineering;

(v) Marketing: economics, law, management, taxation;

(vi) Organization: administration, finance, law, auditing;

(vii) Other aspects: labour, environmental and other problems.

All this relates essentially to the conduct of activities directly 
by the Authority and the Enterprise, on the hypothesis that the
model should imply the development by the Authority, of all the
professional skills needed to attain self-sufficiency in its activities. 
But it must also be borne in mind that, in any case, it will be
the function of the Authority to monitor any activities conducted 
in the Area, to lay down the regulations applicable, to undertake
inspection to ensure compliance with these regulations, to negotiate 
specific questions with contractors, to check applicants’ compliance
with technical and financial requisites, to identify appropriate 
technologies, and to negotiate the business of their transfer —
among many other duties incumbent upon the Authority in accordance 
with the negotiating texts on which the discussions of the Conference 
on the Law of the Sea are currently based.

All these other functions likewise call for professional specia
lists and for very specific training, and if these requirements 
are to be met entirely from the Authority's own human resources,
a very large staff may be needed, which is precisely one of the
characteristics of the bureaucratic model.

Furthermore, these needs of the Authority will tend to increase 
in the future if certain complex mechanisms contemplated in the 
present texts enter into operation. A case in point are the measures 
relating to the control of output of the seabed mining industry 
with a view to preventing adverse consequences for land-based producers 
of the same minerals. Up to now three mechanisms have been envisaged 
in this connection, each of whicn entails complex professional require
ments .
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The first is a long-term oriented mechanism which consists 
in the concerting of commodity agreements with regard to the minerals 
in question, to which the Authority itself would also accede.

From the professional standpoint, this implies, in the model 
under discussion, the availability of a well-structured team of 
international economists, specialists in international marketing 
of raw materials and market regulation, experts in administration, 
lawyers, planners, etc., so as to permit efficient management of 
a complex mechanism which will always be closely linked to international 
economic trends.

The second mechanism contemplated, which consists of setting 
limits to deep-sea mining output during an interim period, likewise 
makes significant demands at the level of planning of production, 
statistical analysis and calculations, international economics and 
other specialties which spring to mind on merely reading the relevant 
provisions of the negotiating texts.

The same applies with regard to the third of these mechanisms, 
relating to a compensatory system which will also be of considerable 
complexity.

While the foregoing cases are mentioned merely by way of example, 
an analysis of other provisions of the negotiating texts would lead 
to the same conclusion.It is enough to mention the provisions relating 
to the process of selecting applicants and checking their qualifications 
or to other control functions of the Authority.

An approach to the problem of professional requirements on 
the basis of the bureaucratic model is therefore practically to 
be ruled out. It would militate against the efficiency of the system 
as a whole, rather than help to make participation of the Authority 
and the Enterprise viable in the effective exploitation of the mineral 
resources of the seabed.

3.

THE AUTHORITY AS A FUNCTIONAL MODEL

At the opposite extreme, it is possible to identify a second option 
with regard to the basic criteria for structuring the International 
Seabed Authority and to analyze its implications for the problem 
of professional requirements. This model is essentially concerned 
with the fulfillment of the functions entrusted to the Authority
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or the Enterprise, as the case may be, but pays less attention to
the way in which the availability ox' the necessary professional 
staff is ensured.

In principle, a model of this kind operates on the assumption
that the Authority and the Enterprise might have a really minimal 
professional staff, which would not suffice in itself tor the fulfillment 
of the necessary functions, but whose principal object would be
to draw in other established professional organizations so that 
these, on the basis of contracts or other forms of association, 
might discharge the functions required.

The following are typical cases in point, again, in order of
the various operational phases of activities:

(i) Research and development: The Authority and the Enterprise
have no capacity of their own at this level, but resort to laboratories 
or other institutions in the field of engineering, marine sciences 
or other specialties;

(ii) Prospecting: the Authority or the Enterprise contracts
services to provide the requisite expertise in geology, marine sciences, 
engineering, economics or other specialities;

(iii) Exploration: the same as for Prospecting;

(iv) Exploitation: again, recourse is had to service contracts
or other forms of association for the discharge of this function.

(v) Marketing: This is effected through middlemen who contribute 
their own experience in the professions related to this phase;

(vi) Organization: Although under this heading it is more 
difficult to delegate the functions incumbent on the Authority to 
third parties, there are various aspects in which it would be possible, 
such as financial administration and auditing, inter alia.

(vii) Other matters, such as labor, environmental and other 
problems, can also be delegated on the basis of service contracts, 
consultative arrangements and similar services.

Most of the professional relations involved in this model can 
be conducted on the basis of service and consultatory contracts. 
Obviously there is also a place for other forms of association, 
such as joint ventures, in which the associated enterprise contributes



the whole of its professional set-up to enable the Authority to 
perform its functions as far as the exploration and exploitation 
of mineral resources are concerned. But this is also one of the 
chief problems attendant upon the model, as will be seen below.

As regards the avoidance of excessive bureaucracy, which is 
the main defect of the model analyzed in the preceding section, 
the functional model certainly serves this purpose effectively. 
At the same time, it is also likely to imply some reduction of cost, 
although this cannot be calculated in detail in advance. Perhaps 
the greatest merit of a model of this type lies in the quality of 
the professional services obtainable through international contracts, 
which could in principle, be of optimum calibre and open to any changes 
and alternatives that circumstances might render advisable.

However, the disadvantages of the approach are also clearly
apparent, and can be summarized as follows:

(i) Even though the quality of the professional service may
be optimal, it will not be reflected in experience acquired by the
Authority or the Enterprise. These will enjoy the benefits of a
service, but not of experience conducive to self-improvement;

(ii) Consequently, the Authority and the Enterprise will not
be in a position to transfer that experience to developing countries 
or to help them qualify themselves to participate on their own
account in the seabed mining industry;

(iii) If the model is applied on the basis of joint ventures
or other forms of entrepreneurial association, the risk is run that
ultimately the administration of the concept of benefiting mankind 
may be left in the hands not of the Authority but of entities to
which this function does not specifically pertain;

(iv) The model also involves the risk that certain essential
functions of the Authority may, to some extent, be vitiated. This
applies especially to its controlling and monitoring functions;

(v) Lastly, developing countries would have less opportunity
to participate in the rendering of professional services to the
Authority in the face of competition from more experienced professional 
organizations in the developed countries, just as they have often
been at a disadvantage with respect to international financing agencies.
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All the foregoing considerations would seem to lead to the 
conclusion that this model produces, at the opposite extreme and 
for opposite reasons, consequences as undesirable as those of the 
bureaucratic model, which ultimately militate against the operational 
efficiency of the Authority and the Enterprise.

It must be pointed cut that, although this approach has not 
been explicitly proposed or supported, it is implicit in some attitudes 
manifest at the Law of the Sea Conference, which seek to reduce 
the active role of the Authority. Thus, it will probably be put forward 
as soon as the problem of the professional requirements of the Authority 
comes under discussion. Furthermore, such a model would certainly 
have the backing of the professional firms that would be its potential 
beneficiaries, particularly in the diverse branches of engineering 
which are called upon to participate in activities of this kind.

4 .

THE AUTHORITY AS A MANAGEMENT MODEL

The third option is based on what might be called the management 
approach. As already mentioned, this approach constitutes to some
extent a middle way between the two preceding models, adopting some
of the characteristics of both but at the same time avoiding the 
exaggerations to which they might lead.

Thus the main characteristics of this model would be the following:

(i) The Authority and the Enterprise would have at their disposal
the necessary personnel and the requisite specialties for the efficient 
discharge of their functions —  a feature which derives from the
bureaucratic model —  but without attempting to cover all the professio
nal fields and situations that mignc come into play;

(ii) With regard to anything that lay outside their own professio
nal capacity, the Authority and the Enterprise would resort to the 
services and experience of established professional organizations 
or to other appropriate forms of association, but always making 
sure that they had such capacity of their own as would enable them
to adopt decisions and take action with the necessary independence.

Probably the key feature of this model is to be found in the 
distinction to be made between functions which are essentially the



361.

province of the Authority, and as such cannot be transferred or 
waived, and other functions which have not the same characteristics. 
The latter could perfectly well be delegated to professional entities 
other than the Authority's own.

A few examples chosen at random may give a clearer idea of 
how this model would work in practice:

(i) To exercise the monitoring and control functions, which 
obviously belong to those that essentially pertain to it, the Authority 
will need all the experts that will enable it to discharge this 
function effectively. This does not mean, however, that its staff 
must include professionals for every single facet of a control process. 
Thus, it might entrust to independent bodies the tasks of auditing 
and certain kinds of inspection, retaining the necessary capacity 
to evaluate and judge the reports submitted to it;

(ii) The same working relationship may be established in legal 
matters. Obviously the Authority and the Enterprise must have at 
their disposal competent legal services that will enable them to 
handle their many complex legal relations, which could not be entrusted 
to third parties. At the same time, however, they need not be equipped 
with every imaginable specialty, since services pertaining to such 
specialties can mostly be procured on the basis of ad hoc contracts, 
provided that the Authority and the Enterprise retain the capacity 
to direct such professional work and to channel it along lines consis
tent with their objectives;

(iii) On the level of transfer of technology, the Authority 
will obviously need engineers competent to judge the advantages 
or disadvantages of a specific technological process, enabling it 
to choose between options. But its staff need not include specialists 
to evaluate in detail each kind of equipment or each process, since 
that would probably require a large additional number of expert 
personnel. This latter function can be carried out on a consultative 
basis, provided, once again, that the capability to reach a correct 
decision is retained.

In the light of the foregoing considerations this model would 
seem to offer the following advantages:

(i) It does not entail unnecessary and excessive bureaucracy, 
and consequently, implies more favorable cost and greater operational 
efficiency;
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(ii) The Authority and the Enterprise will have at their disposal 
a number of qualified professionals whose experience will enrich 
the activities of the institution and the fulfilment of its objectives;

(iii) In this same measure, experience wilL be built up by 
which other institutions and developing countries will be able to 
benefit, thus facilitating their access to the exploitation of the 
Area;

(iv) The functions of the Authority will at no time be vitiated 
or subjected to undue interference;

(v) All this in no way precludes the Authority and the Enterprise 
from strengthening their own capacity by recourse to contracts, 
forms of association, joint ventures and other possibilities, which 
however, they will monitor and control at any time;

(vi) Lastly, it is of interest to note that in this model 
the Authority and the Enterprise will always have access to professional 
specialties that are hard to come by, or to experimentation that 
is to be found in the vanguard of science and technology, all of 
which will rebound to the benefit of their increasing efficiency 
in the exploitation of the seabed.



363.

5.

SUMMARY
Professional experience and the training required for participation in 
the management and exploitation of the mineral resources of the seabed 
is directly related to the requirements of both the International Sea
bed Authority and the Enterprise. The expertise gained by the 
Authority and Exterprise should benefit developing countries. (1) The 
Bureaucratic Model requires a large staff and makes high demands 
that would be difficult for a developing country to meet while the 
overall efficiency of the Authority would be lessened. (2) The 
Functional Model would allow the Authority to draw upon outside 
experience while maintaining a minimal staff. Although this has the 
advantage of acquiring the servives of high quality personnel, the 
disadvantage of being unable to acquire experience for itself and the 
inability to transfer that experience to developing countries, makes 
this model impracticable. Further, control of the Authority and 
Enterprise would be lessened to the detriment of developing countries. 
(3) The Management Model combines the best of (1) and (2). An adequate 
staff of professionals would be maintained, who could call upon out
side expertise when necessary, while strict control of the Authority 
would be retained. The accumulated experience would be available then 
to developing countries.
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QUESTIONS

1. Obviously there are differences between the Authority on one 
hand, and a developing country on the other, with regard to training 
needs and the acquisition of indigenous expertise. Describe these 
differences.

2. Discuss methods of transfer of technology between the Authority 
and developing countries.

3. Which forms of association between the Authority and the Enterprise 
on the one hand, and industrialized countries and their companies 
on the other, are most conducive to training and transfer of technology 
to the Authority? Compare various joint-venture arrangements and 
choose those most advantageous.

4. Design a working model, in terms of skills required, training 
needs, and costs, along the lines of the three models proposed in 
this paper.
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INTRODUCTION

On November 1, 1967, the Delegation of Malta introduced the concept
of the Common Heritage of Mankind in the First Committee of the
General Assembly of the United Nations. "We are strongly of the
opinion," the Maltese statement read, "that the following, among
other, principles, should be incorporated in the proposed Treaty:

i The seabed and the ocean floor, underlying the seas beyond the
limits of national jurisdiction as defined in the Treaty, are
not subject to national appropriation in any manner whatsoever.

ii The seabed and the ocean floor beyond the limits of national
jurisdiction, shall be reserved exclusively for peaceful purposes.

iii Scientific research with regard to the deep seas and ocean
floor, not directly connected with defense, shall be freely
permissible and its results available to all.

iv The resources of the seabed and ocean floor, beyond the limits
of national jurisdiction, shall be exploited primarily in the
interests of mankind, with particular regard to the needs of
poor countries.

v The exploration and exploitation of the seabed and ocean floor
beyond the limits of national jurisdiction, shall be conducted
in a manner consistent with the principles and purposes of
the United Nations Charter and in a manner not causing unnecessary 
obstruction of the high seas or serious impairment of the marine 
environment."

This, as the same delegation pointed out in a later statement
(October 29, 1968) , was "a new legal principle which we wish to introduce 
into international law." The concept of the common heritage "implies 
the notion of peaceful uses, since it is clear that military use 
of the ocean floor might impair or endanger the common property.
The common heritage concept implies freedom of access and use on 
the part of those having part in the heritage, but also regulation 
of use for the purpose of conserving the heritage and avoiding
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the infringement of the rights of others; inherent in the regulation 
of use is, of course, responsibility for misuse. The concept finally 
implies the equitable distribution of benefits from exploitation 
of the heritage. It is possible to go further: the notion of property 
that cannot be divided without the consent of all and which should 
be administered in the interest and for the benefit of all is a
logical extension of the common heritage concept."

The Delegation of Malta explained that it preferred the term 
"common heritage" to the term "common property." "We did - not think 
it advisable to use the word ’ property'... .Property is a form of 
power. Property, as we have it from the ancient Romans, implies the 
jus utendi et a'outendi (right to use and misuse). Property implies 
and gives excessive emphasis to just one aspect: resource exploitation 
and benefits derived therefrom." The content of the common heritage 
ought to be "determined pragmatically in relation to felt international 
needs." It is not limited by a complex of real or potential resources. 
"World resources should not be conceived in a static sense. New
resources are being constantly created by technology." The Common 
Heritage of Mankind, however, also includes values. "It includes 
also scientific research." Thus, if there were a set of ethical and
legal rules to be derived from the principle of the common heritage, 
these would have to be applicable to science policy as well.

In this statement (Pacem in Maribus Seminar at Rhode Island 
University, January/February, 1970), Malta suggested three character
istics of the Common Heritage of Mankind. First of all, "the absence 
of property." The common heritage engenders the right to use certain 
property, but not to own it. "It implies the management of property 
and the obligation of the international community to transmit this 
common heritage, including resources and values, in historical terms. 
Common Heritage implies management. Management not only in the sense 
of management of resources, but management of all uses." Thirdly, 
common heritage implies sharing of benefits. "Resources are very
important; benefits are very important. But this is only a part 
of the total concept."

In international law, the concept of the Common Heritage of 
Mankind is certainly a revolutionary innovation. It has the potential 
of changing the relationship between rich and poor nations by substitut
ing the principle of sharing and common management as central for 
development planning, for the post-coionial and humiliating concept 
of foreign aid.

But in religious doctrine as well as in economic theory, there
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are precedents which may well be universalized ana endowed with
legal and economic content at a time in which absolute ownership 
and absolute sovereignty have to be reconsidered in the light of
ecological, economic, and technological interdependence and of a 
new perception of the individual as part of the community and of
the human species as part of nature.

The Roman Catholic Church spiritually never quite moved into
the era of the nation State and of the capitalist system based on 
private property. Today she is among the most evolved advocates 
of the common heritage concept. In "Populorum Progressio," the encycli
cal that does to "property" what "Pacem in Terris" did to "sovereignty," 
Pope Paul VI stated: "...private property does not constitute for
anyone an absolute and unconditional right. No one is justified 
in keeping for his exclusive use what he does not need when others 
lack necessities.... the right to property must never be exercised 
to the detriment of the common good. If there should arise a conflict 
between acquired private rights and primary community exigencies, 
it is the responsibility of public authorities to look for a solution, 
with active participation of individuals and social groups....It 
is unfortunate that,in these new conditions (of the industrialization) 
of society, a system has been constructed which considers profit 
as the key motive for economic progress, competition as the supreme 
law of economics, and private ownership of the means of production 
as an absolute right that has no limits and carries no corresponding 
social obligation."

A couple of decades earlier, a prelate of the Anglican Church, 
the- Dean of Canterbury, declared all the waters, not only the high 
seas, together with all the other "elements of life" to be "common 
property." "There are four requisites for life which are provided 
by nature, even apart from man's Labour: air, light, land, and water....
I am not persuaded that the right way to deal with this question 
is by nationalization of the land...but 1 am sure we need to assert 
the prior interest of the community respecting land and water with 
a vigor of which recent political history shows no trace. Here, 
supremely, the principle of the old Christian tradition holds good 
that the right of property is the right of administration or steward
ship, never the right of exclusive use." (Hewlet Johnson, Dean of 
Canterbury)

3oodhan, the Hindu doctrine whose followers achieved the voluntary 
distribution of 2,100,000 acres of land in India, adheres to a similar 
pre-capitalist concept of common property. Following Ghandi's teaching, 
Boodhan advocates the transformation of "legal ownership" from "private"



to "community." Ownership is considered here as a "bundle of rights." 
Of these, usufruct, the right to inheritance and the right to aliena
tion or transfer remain intact. But property must be used in the
common interest, and at least one-twentieth of it must be given 
away for community use or redistribution.

African law, Saxon and Germanic law, Roman law and Slavic law, 
among many others, knew similar concepts.

Perhaps the closest approximation to the concept of the common
heritage of mankind can be found in Yugoslav political theory, as
embodied in the Yugoslav Constitution, from 1958 on. That is the 
concept of "social ownership." This is how the main architect of 
that constitution defined the concept (Jovan Djordjevic, "The Social 
Property of Mankind," Pacem in Maribus, New York, 1970).

The term "social property" has a negative meaning: it indicates
the negation of the right to ownership to each and all. It 
prohibits the power monopoly over the means of production and 
the produce of labor. No one —  neither State, nor community,
nor enterprise, neither the working collective nor the individual 
— has ownership rights with regard to the social means of produc
tion and the product of labor, nor can he dispose of them as 
his property, on the basis of power.

In the same essay, Djordjevic states:

...The concept of social ownership is organically tied to the con
cept of management. Social property and its complementary regime 
of management represents a theoretical, political, and legal 
whole. In a functional sense, management implies specific action 
with respect to the maintenance, conservation and use of the 
objects of social property, i.e., an economic-technical and 
social usage which presupposes a corresponding regime of investment 
and distribution of products obtained by the economic-technical 
use of the means in social property. Politically, managing 
means not only administering, transacting and conserving but 
also planning, developing, and distributing. All of this calls 
for a special socio-legal regime which needs specific definitions. 
Furthermore —  and this is the political aspect —  that regime 
must include machinery for management which guarantees integrity, 
social function, and social use of those objects which enter 
the regime as social and thereby international social property.

369.

The parallels are rather striking.
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A whole new theory of economics can indeed be built on this 
distinction between the right to ownership t which is rejected, and 
the right to utilize and manage, which is upheld. The building of 
such a new system has been attempted by Orio Giarini in his recent
Report to the Club of Rome, Producing Value for Wealth and Welfare 
—  the Role of Capital and Capital Needs, October 1979. The source
of wealth, in that Report, is called the "patrimony" and it comprizes 
all the natural, Biological, man-made and monetarized assets from 
which we derive our means of livelihood. It is a "stock" of an accumu
lation of assets which have "utilization" value. This notion of 
a value is thus related to a "stock" and not, as in the conventional 
economic process, to a "flow" (where the notion of value is linked 
with the transformation process of products and services). A "flow" 
can in fact, have also negative effects (deducted values) rather 
than added values in terms of real wealth and welfare. The real 
value of products and services cannot be measured by their cost/exchange
value at a given moment, but by their utilization value over a period
of time.

Such a theory of value would be most applicable to a common 
heritage regime: or a common heritage system would be the logical 
outcome of applying such a theory of value: for, what cannot be
owned can have no cost/exchange value; what can be utilized and 
managed must have a utilization value.

An economic theory oased on the principle of common heritage 
and its utilization value is more in harmony with the present phase 
of the industrial revolution and its economic and ecological implica
tions than a theory based on the concept of ownership, whether private 
or State.

2 .
THE PRINCIPLE OF THE COMMON HERITAGE OF MANKIND

The principle of the common heritage of mankind, as proposed by 
Malta in 1967, was incorporated in the UN General Assembly Resolution 
2749 (XXV), December 17, 1970, "Declaration of Principles Governing
the Seabed and the Ocean Floor, and the Subsoil Thereof, Beyond 
the Limits of National Jurisdiction." The essence of the principle 
is contained in the first six paragraphs of the Resolution:

i The seabed and ocean floor, and the subsoil thereof, beyond 
the limits of national jurisdiction (hereinafter referred to
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as "the Area"), as well as the resources of the Area, are the 
common heritage of mankind.

ii The Area shall not be subject to appropriation by any means 
by States or persons, natural or juridical, and no State shall 
claim or exercise sovereignty or sovereign rights over any 
part thereof.

iii No State or person, natural or juridical, shall claim, exercise 
or acquire rights with respect to the Area or its resources 
incompatible with the international regime to be established 
and the principles of this Declaration.

iv All activities regarding the exploration and exploitation of 
the resources of the Area and other related activities shall 
be governed by the international regime to be established.

v The Area shall be open to use exclusively for peaceful purposes 
by all States, whether coastal or land-locked, without discrimina
tion, in accordance with the international regime to be esta
blished .

vi States shall act in the Area in accordance with the applicable
principles and rules of international law, including the Charter 
of the United Nations and the Declaration on Principles of 
International Law concerning Friendly Relations and Co-operation 
among States in accordance with the Charter of the United Nations, 
adopted by the General Assembly on 24 October 1970, in the
interests of maintaining international peace and security and 
promoting international co-operation and mutual understanding.

Subsequent versions of the negotiating text elaborated at the 
Third U.N. Conference on the Law of the Sea have somewhat weakened 
these principles: partly through interpretation, partly by dispersing
them in the text. The Conference has never attempted to define the
term "common heritage of mankind" or to give it a precise legal
and economic content. This may seem strange, considering the fundamental 
importance of the principle and the often repeated claim that it 
should be the basis not only of the new Law of the Sea but of the 
entire New International Economic Order.

If one combines fragments, now dispersed in four different 
articles, one could nevertheless arrive at a concise definition 
of the common heritage in two articles:
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First Article

The Area and its resources are the Common Heritage of Mankind

Second Article

For the purpose of this Convention, "Common Heritage of Mankind shall 
mean that

i No State shall claim or exercise sovereignty or sovereign rights
over any part of the Area or its resources, nor shall any State 
or person, natural or juridical, appropriate any part thereof. 
No such claim or exercise of sovereignty or sovereign rights,
nor such appropriation, shall be recognized.

ii The Area and its resources shall be managed for the benefit
of mankind as a whole, irrespective of the geographical location 
of States, whether coastal or land-locked, and taking into
particular consideration the interests and needs of the developing 
countries as specifically provided for in this Part of the 
Convention.

iii The Area shall be open to use exclusively for peaceful purposes
by all States, whether coastal or land-Locked, without discrimina
tion and without prejudice to other provisions of this Part 
of the present Convention.

iv Necessary measures shall be taken in order to ensure effective 
protection of the marine environment from harmful effects which 
may arise from the activities in the Area, in accordance with 
Part XII of the present Convention.

These two Articles synthesize Article 126, 137 (1), Article
140, Article 141, and Article L4S. The only textual addition are 
the words used to introduce the second article —  "for the purpose
of this Convention, 'Common Heritage of Mankind' shall mean that"

The articles express the legal and economic attributes of the 
Common Heritage concept. Quite succinctly these attributes are:

1 non-appropriability-.

| shared management;

| benefit sharing by mankind as a whole;
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,;j use for peaceful purposes only;

j conservation for future generations.

3.

ANALYSIS

The first Article introduces the concept. The concept is applied 
both to the area and to the resources. This is in keeping with the 
Declaration and with the original Maltese proposal. It implies that 
"the regime to be established" must be more than a "resource regime." 
It must cover not only the resources but also the area, including 
activities in the area not related to resources, such as those enume
rated in Section 3 of Part XI of the Text, correctly entitled "Conduct 
of Activities in the Area."

The Law of the Sea Conference has never taken a clear position
on whether the regime it was establishing was to be comprehensive 
or only resource-related. Thus the definition of "activities," provided 
in Article 133 (a)

"Activities in the Area" means all activities of exploration
for, and exploitation of, the resources of the Area

appears to be in contradiction with the far wider definition implicit 
in the title of Section 3 of Part XI. The statement, "The Area and
its resources are the Common Heritage of Mankind," however, clearly
demands a comprehensive interpretation. This statement also would
appear to exclude the division of the Area into so-called reserved
and nonreserved areas. What is common is not divided. What is divided 
is no longer common.

The first paragraph of the second Article establishes the non
appropriability of the common heritage. It does not establish inter
national common ownership, which would be difficult, or impossible, 
to articulate and exercise through a world community which lacks 
sovereignty and has different and opposing concepts of ownership. 
On the contrary, the paragraph establishes the principle of .non-
ownership as we know it from the Yugoslav concept of "social ownership."

" Non-ownership," however raises a problem with regard to the 
"passage of title."

Article 137 (2) of the ICNT provides that



All rights in the resources of the Area are vested in mankind 
as a whole,on whose behalf the Authority shall act. These resources 
are not subject to alienation. The minerals derived from the 
area, however, may only be alienated in accordance with this 
Part and the rules and regulations adopted thereunder.

This if further spelled out in Article 1 of Annex II of the 
same document:

Title to the minerals shall be passed upon recovery of t̂ .e 
minerals pursuant to a contract of exploration and exploitation.”-'

The words "passage of title" are ambiguous and should be clarified. 
In our view they cannot mean passage of ownership rights, which
do not exist under the common heritage principle, but passage of
utilization and management rights. These should be exercised in 
accordance with agreed norms and for the benefit of mankind as a 
whole. It is only on this basis that planning through the Authority, 
proposed in the ICNT, becomes practical. There is a precedent for
this in the status of nuclear resources under the Euratom Treaty.
Naturally this concept, as indeed the Euratom Treaty, raises problems 
to which we shall return under the heading of "peaceful uses."

The second paragraph of the second proposed Article deals with 
two concepts: the concept of management and the concept of benefits 
for mankind as a whole.

Management and common heritage are inseparably linked: There
can be no common heritage unless it is managed —  this indeed is
the main distinction between the traditional freedom of the high 
seas and common heritage —  and there can be no internatonal system 
of rational resource management unless it is based on the principle 
of common heritage which transcends both sovereignty and ownership 
which, in their traditional form, make international management
impossible.

In the ICNT the international regime is implemented through
the International Seabed Authority (the Authority). The Authority,
in turn, exercises its managerial functions with regard to the explora
tion and exploitation of the mineral resources of the Area through

1/ This brings to mind an ancient Malaysian belief, according 
to which metals in the ground had a soul but as soon as they were 
lifted from the ground, they lost their soul. The belief was shared by 
other peoples: Thus when Germanic miners discovered cobalt and nickel 
in the Hartz mountains, they suspected that the minerals were possessed
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the Enterprise, which must act in accordance with the regulations 
of the Authority. Mineral resource exploration and exploitation 
may be carried out only in areas specified in plans of work approved 
by the Authority. These areas may be developed either directly by 
the Enterprise on behalf of the Authority or by "contractors" 
private or State companies or State members of the Authority.
In this latter case, the contractor must apply for an area sufficiently 
large to allow two mining operations. The contractor must indicate 
the co-ordinates dividing the area into two parts of equal estimated 
commercial value. Within a determined time, the Authority must designate 
the part which is to be reserved solely for the conduct of activities 
by the Authority through the Enterprise; the other half will be 
assigned to the Contractor.

Thus the common heritage is divided into a reserved and a nonre- 
served area: this appears incompatible with the principle of common 
heritage. The system proposed in the ICNT (often called the "parallel 
system") therefore is problematic from a theoretical point of view. 
The empirical difficulties which have arisen from the attempts to 
make it viable are well known. We have dealt with these difficulties 
elsewhere, and a detailed discussion of the problems involved would 
exceed the scope of a chapter dealing with the concept of common 
heritage. Suffice it to note here that the "parallel system"

implies competition and confrontation between the existing 
industrial system and the Enterprise;

is very complex and cost-ineffective both to the Authority 
and to the entities concerned;

is based on the erroneous assumption that the Authority will 
have a monopoly on manganese nodule production, whereas, in the reality 
created by Treaty provisions on the limits of national jurisdiction, 
production in the international seabed area will have to compete 
with production from seabed areas under national jurisdiction.

Considering the central importance of management in the common 
heritage concept, it would appear highly desirable that an alternative 
to the "parallel system" be agreed upon at UNCLOS. At recent sessions

by evil spirits and therefore called them Kobold (a demon) and Nickel 
(related to Old Nick, the devil).

2/ Pardo and Borgese, The New International Economic Order and 
the Law of the Sea. 101 Occasional Paper N°5, Malta, 1976.
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of UNCLOS, some countries —  Nigeria, Austria, and the Netherlands - 
- have suggested that a joint-venture system could provide the needed 
alternative. Such a system could be introduced in various ways. 
Ideally, every contract between the Authority and another entity 
for the exploration and exploitation of the mineral resources of 
the Area would establish an "Enterprise," i.e., a joint venture 
governed jointly by the Authority and the "contractor," on the basis 
of joint investment and the sharing of risks and profits and management 
responsibilities. Such "joint arrangements" are suggested in Article 
10 of Annex II. They are to be established, however, on a purely 
voluntary basis: i.e., the "contractor" has other options. This 
raises the question whether, in practice, they will be established 
at all during the critical early stages of the Authority's operations.

"Enterprises," in the form of joint ventures between the Authority 
and the "contractors," would truly be what Djordjevic, in the above 
mentioned essay, calls "enterprises of social property and hence 
social enterprises of mankind."

The management system adopted for the International Seabed 
Authority could become a prototype for other international resource 
management institutions; hence the importance of the decision which 
UNCLOS must make on this subject is far greater than the immediate 
problem of selecting a management system for seabed mining.

All today agree that, in the distribution of benefits derived 
from the exploitation of the mineral resources of the Area, there 
can be no discrimination between coastal and land-locked or geographi
cally disadvantaged States and that the needs of developing countries 
must be taken into special consideration. The difficulties start 
when it comes to defining the nature of the oenefits.

There is a narrow interpretation, preferred by industrial coun
tries, which would restrict the concept of benefits to financial 
benefits: the sharing of financial profits on the basis of a system
of royalties or taxes. But, as has been demonstrated at the Law 
of the Sea Conference, financial benefits are likely to be small. 
An interpretation offering more hope to developing countries and, 
at the same time, more in keeping with our interpretation of common 
heritage, would be that the term "benefits" should include not only 
financial benefits, but the benefits accruing from shared resource 
management and from the transfer of technologies.

The ICNT defines seabed mining technology ns
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the equipment and technical know-how, including manuals, designs,o- 
perating instructions, training and technical advice and assistance 
necessary to assemble, maintain, and operate a system for the 
exploration and exploitation of the resources of the Area 
and the non-exclusive legal right to use these items for that 
purpose (ICNT, Annex II, Article 5(5)).

and makes elaborate provisions for what might appear to be a mandatory 
transfer of relevant technology (ICNT, Annex II, Article 5 (1-4)).

While too strict to be acceptable to industrialized countries, 
strict defenders of patent laws and the private property-based free- 
enterprise system, the provisions are not stringent enough for the 
developing countries, since their implementation might require long 
negotiations followed by arbitration after the signing of each contract 
between the Authority and the contractor. This could significantly 
delay the transfer of relevant technology. The difficulties of reaching 
agreement on technology transfer, like those arising from the financing 
of the Enterprise, originate in the faulty conception of a parallel 
system that places the Authority in a conflict situation with the 
existing industrial system.

But at a deeper level, the whole relationship between resources 
and technologies and the importance of technology transfers in 
the present phase of the industrial revolution, needs further study. 
One might even come to the conclusion that international management 
of resources must be complemented and integrated with international 
management of advanced technologies and that, without such integration, 
international resource management could be both impractical and 
unacceptade. Resources and technologies are interdependent. Resources 
become exploitable as technologies become available at acceptable 
cost. Without "appropriate" technology, therefore, there cannot 
be resource management. In short, participation in the contemporary 
industrial revolution requires the application of the common heritage 
principle not only to resources but also to resource-related technology 
and to scientific research. As we pointed out at the beginning of
these pages, the common heritage of mankind also includes values.

The third paragraph of the proposed second article deals with
the reservation for peaceful purposes. It should be noted that here
a distinction is made between "Area" and "resources." Although both 
the Area and the resources are a common heritage, only the Area
is reserved for peaceful purposes. This means that the resources 
may be used, as they undoubtedly will be, for military purposes.
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The reservation of the Area for peaceful purposes raises problems 
which the Law of the Sea Conference has preferred to avoid; in parti
cular, the meaning of the words "exclusively for peaceful purposes" 
is not clear.

The problems raised by the term "exclusively for peaceful purposes" 
are difficult and complex. Since the Text does not state anywhere 
that the resources of the Area should be used for peaceful purposes, 
the whole argument is misplaced. The international community here 
is caught on the horns of a dilemma: Reservation for peaceful uses
is one of the essential attributes of the common heritage: at the
same time, in view of the present structure of international relations, 
it appears probable that the seabed and its resources will be used 
for purposes which could be considered as being not entirely peaceful. 
The text is a compromise between the ideal and reality, it is important 
to remember, however, that a common heritage system is a peace system. 
It is incompatible with the arms race.

The last paragraph of the second article in our concise definition 
of the common heritage concept refers to its ecological implications. 
It could be formulated better and more comprehensively ' to cover, 
on the one hand, the conservation of the resource which should be 
shared with future generations, and, on the other hand, the prevention 
of serious damage from mining activities to the marine environment, 
particularly to the unique fauna of the seabed and ocean floor. 
Norms and standards for the conduct of States and companies in this 
regard are developed in Part XII of the ICNT and constitute one 
of the least controversial aspects of the Text.

It should be clear, from the foregoing, that the concept of 
the common heritage of mankind —  "a new principle in international 
law" —  is indeed complex, with legal, economic, and institutional 
implications that will require interpretation and adjustment to 
the ever changing realities of the international system for years 
to come. It should also be clear that it is an explosive and expansive 
principle. Once enshrined as a norm of international law, it will 
find applications far wider than the oceans.

THE EXPANSION OF THE COMMON HERITAGE

Two developments of the concept of the common heritage in ocean 
space, not mentioned in the ICNT. are desirable. In view of the 
fact that the seabed area beyond the limits of national jurisdiction
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will be much reduced as a consequence of the provisions of the ICNT,
the concept could be expanded in functional terms: i.e., the inter
national community could agree that manganese nodules and other 
mineral resources are a common heritage no matter whether they are 
found^n marine areas under international or under national jurisdic
tion . —' If this were agreed upon, nodule deposits in areas under nation- 
al jurisdiction could be explored and exploited by "social enterprises 
of mankind," i.e., joint ventures between the Authority and the 
coastal State in which the latter might have a controlling interest. 
In this case, the Authority would receive a portion of the profits 
which could be used for agreed international purposes. Such an arrange
ment would be more profitable for the world community and for developing 
countries than if the coastal State were to engage a private consortium 
for the exploitation of these resources. In the latter case, profits
would go largely to the private company.

Such a functional expansion of the common heritage concept 
is necessary. For, given the elastic provisions on the limits of 
national jurisdiction contained in the ICNT, a number of manganese 
nodule sites are now under national jurisdiction and their exploitation 
is only a matter of time. This would greatly reduce the importance
of the International Seabed Authority.

The common heritage concept should also be applied to the living 
resources of the ocean, at least to those that are beyond national 
jurisdiction. The Representative of the Holy See went even further 
when, in his statement during the Seventh Session of UNCLOS (Spring, 
1978), he suggested that it be applied even within the Exclusive 
Economic Zone. He said:

The contribution which the Holy See can make to the Conference
does not consist of technical proposals, but rather of principles 
which may guarantee just and equitable solutions for the whole 
international community and, in the first line, the principle 
which is universally accepted, at least on the theoretical 
level, namely, that the sea is the "common heritage of mankind." 
It is already applied by States on their territory, not as 
a restriction of their sovereignty, but as an exploitation 
or use of their natural resources which shall take into considera
tion the needs of the whole humanity and, above all, of States 
which are most deprived of them.

3/ Under the Euratom Treaty, nuclear resources are "common heritage," 
even though they are in areas under national jurisdiction.
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In particular, the Representative stressed that while

the principle of delineation of maritime areas adjacent to 
the coast into economic zones entrusted tc the coastal State 
is acceptable... the strictly speaking appropriation of the 
living resources of these areas is not admissible because they 
do not constitute "res nullius" but they represent goods which
belong to the community of nations and, in addition, because
the argument of contiguity which is invoked as a justification
for such appropriation, does not represent a sufficient basis 
for it.

The statement was well received by many —  especially by the
African and by the Socialist countries. It may open new possibilities 
for the future and exert a moral influence and provide a basis 
for further elaboration of the concept that ocean space and all
its resources are the common heritage of mankind. Notice has been
given: the expansion of the concept is on the table.

Application of the common heritage principle to the Economic
Zone would not diminish the right of the coastal State to manage 
its resources; but it would facilitate participation of land-locked
and geographically disadvantaged States in regional joint management
systems, thus solving one of the thorniest outstanding problems of 
the Conference. Applied to the living resources of the high seas, 
it would assure an international management system in the development 
of a vast new resource —  the krill of the Southern Ocean —  for
the benefit of protein-deficient developing nations which, individually, 
lack the necessary technology and the capital.

The krill of the Southern Ocean must be the common heritage
of mankind, for otherwise it will be exploited, perhaps over-exploited, 
for the sole benefit of three or four distant-water fishing countries.

Apart from the oceans, the concept of the common heritage becomes 
applicable wherever there will be a need for international resource 
management. This is likely to appear in the following areas:

i Resources which are still beyond the limits of present national 
jurisdiction, such as the resources of Antarctica and, e^ntually, 
of outer space, the moon and other celestial bodies.- Within

4/ The Moon Treaty already recognizes that the resources of the 
moon and other celestial bodies are the common heritage of mankind. 
Unfortunately, it may be quite some time before these resources
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the context of a New International Economic Order, such resources
should not be exploited exclusively for the benefit of the
few nations which have the required technological capacity, 
but should be explored and exploited on a cooperative basis
through an international organization for the benefit of mankind 
as a whole, with special regard for the needs of developing 
countries.

ii Resources, the uneven distribution of which is already causing
grave imbalances and explosive world tension. Food and energy 
fall into this category. It is impossible to establish a more
equitable world order without some degree of international 
planning and management with regard to such resources.

iii Resources, such as nuclear resources, the intensive development 
of which necessarily entails serious danger of widespread environ
mental degradation or of diversion for military purposes. Without 
some international planning and management, neither peace nor 
the environment can be safeguarded.

In this context, the main purposes of international resource planning
and management would be:

to ensure equitable sharing among countries in the use of 
resources;

ii to ensure effective participation of poor and technologically 
less developed countries in international decision making;

3 to reduce international tension and increase international
security.

can be exploited economically. But the concept of common heritage 
is to be applied not only to extraterrestrial resources, but to 
the products of space activities in general. For this, see statement 
by the Delegate of the Netherlands before the Committee on the Peaceful 
Uses of Outer Space (AS/AC. 105 C.2/Sr 290, 23 March, 1973). Thus 
one could imagine "Enterprises" chartered by an international satellite 
institution, managing satellite-based factories. Such factories 
are presently under consideration by the United States. The absence 
of gravity (weightlessness) offers certain advantages for the processing 
of certain minerals (e.g., silicon, which is becoming increasingly 
important in the growing micro-electronic industries).
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The "Enterprise system" to embody the management principle 
and the common heritage concept in all these areas, must be decentralized 
and flexible. The pilot experiment of the International "Seabed Authority 
will be of great importance for the development of such a system.
It is possible to speculate that in due course there will be established 
a network of joint ventures between multinational companies or State 
enterprises and relevant international organizations. This would 
bring multinational companies under structured international control 
and would make possible effective participation of developing countries 
(and perhaps even organized consumers and Labour). Establishment 
of such a network would also permit the development of a presently
lacking operational capacity in intergovernmental organizations.

Both these developments would be essential contributions to
the building of a New International Economic Order.

Certainly, the present world situation does not augur well 
for such developments. But to see the function and structure of
the International Seabed Authority in this wider perspective and
to study the implications of the common heritage concept not only 
for the Law of the Sea but for the New International Economic Order
and, indeed, for a new theory of economics, may be helpful even to
orient short-range policy. If we succeed in realizing the concept
of the common heritage by ouiidmg a viable International Seabed 
Authority as the first of a series of needed international resource 
management institutions, we may indeed succeed, in the medium and 
longer term, to build the others as well.

SUMMARY

In this chapter the historic origin of the concept of the common 
heritage of mankind is briefly sketched. An attempt is made to define 
the concept in legal and economic terms. The links between resources 
and technologies are explored and the institutional implications 
are examined. Finally, some possibilities of expanding the concept 
as the basis for a New International Economic Order are projected.
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QUESTIONS

1. Does the ICNT contain an adequate definition of Common Heritage? 
Give your own definition.

2. What is the meaning of "resources" and "minerals" in relation
to the concept of common heritage? What is the meaning of "passage 
of title"?

3. What is the meaning of "exclusively for peaceful purposes"?
Can it be applied to the Area? Can it be applied to the resources? 
What is the meaning of the distinction between Area and Resources 
in Article 141 of the ICNT?

4. What is the relation between resources and technologies? In
how far is an extension of the common heritage principle to 
technologies meaningful? In how far is it possible?

5. What are the implications of adopting the principle of common
heritage as the basis for a Hew International Economic Order?
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AUSTRALIA

I. University of Western Australia 
Department of Civil Engineering 
Ned lands; 6009 Western Australia

Executive Officer: Richard Silvester, Associate Professor

Purpose/Scope:
To investigate problems in coastal and ocean engineering. 
Offers undergraduate teaching, postgraduate research 
and consultative activity.

Relevant departments/courses offered:
Coastal Process (sedimentation); Forces on Structures - 
Coastal and Offshore; Wave Generation and Theory; Hydraulic 
Modelling; Wave Kinematics; Sediment Structure Interaction; 
Wave Recording.

2. Western Australian Institute of Technology
Hayman Road; South Bentley; 6102 Western Australia

Executive Officer: Dr. H.W. Williams, Director

Purpose/Scope:
To provide technologica1 education at a tertiary level. 
Teaching mainly to first degree level with master's degrees 
offered in some areas.

Relevant departments/courses offered:
Within the School of Mining and Engineering arc the 
Department of Metallurgy, the Department of Geology and 
the Department of Mining and Engineering. Also courses 
offered in the School of Engineering and Surveying as 
well as courses offered as part of a Graduate Diploma 
in Natural Resources.

CANADA

3. Dalhousie University
Institute of Oceanography 
Halifax, Nova Scotia 33H 4J1

Executive Officer: Dr. P.J. Wangersky, Director 

Purpose/Scope:
Graduate courses and research in maritime education designed 
to prepare students for work in survey assessment, 
exploitation, management or research on the oceans and



387 .

their resources.

Relevant departments/courses offered:
Department of Oceanography incLudos courses in physical, 
chemical, geological and geophysical oceanography.

DENMARK

4. The Technical University of Denmark
Department of Ocean Engineering
Building 101E; DK-2800 Lvngby

Executive Officer: Sv. Aa. Harvald, Prof. Dr. Techn.

Purpose/Scope:
Research in hydromechanics and strength of big floating 
structures. Training of naval architects and mechanical 
and marine engineers.

Relevant departments/courses offered:
Shipbuilding, marine engineering, ocean engineering. 
Also research conducted on pipelaying, vibrations of 
big structures, sea loads, wave loads, wake and thrust, 
model testing and propulsion problems.

JAPAN

3. Tokai University
Faculty of Marine Science and Technology
Orido; Shimizu; Shizuoka; 424 Japan

Executive Officer: Dr. Mitsuo Iwasnita, Director

Purpose/Scope:
Undergraduate and graduate courses designed to give students 
a broad background of basic marine science together with 
an awareness of social philosophy. Students are educated 
to have the potential capacity for future creative achieve
ment of specialized fields in marine science and for 
application of technology to the ocean development for 
the purpose of human welfare.

Relevant departments/courses offered:
At the undergraduate level: Departments of Marine
Electronics; Ocean Civil Engineering; Marine Mineral 
Resources; Naval Architecture; Marine Science; Nautical

C A N A D A  (C o n t .)
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JAPAN (Coni.)

Engineering. At the graduate level, three courses are 
offered: Ocean Engineering; Marine Resources; and Marine
Science.

NORWAY

Dec Norske Veritas (DnV)
Veriiasveien 1; P.0. Box 300 
N-L322 H«Svik, Oslo

Executive Officer: E. Abrahamscn, President 

Purpose/Scope:
To provide a broad base of experience and skills in order
to gain insight and work satisfactorily in different
fields of shipbuilding and marine engineering. For this 
reason Det norske Veritas offers a very flexible post
graduate training scheme for young technical graduates
entitled "Det norske Veritas Systematic Training Programme". 
In addition, the Norwegian Agency tor International Develop
ment (NORAD) invites selected study fellows from developing 
countries to attend courses arranged by Det norske Veritas. 
DnV also arranges about 60 different courses presented 
in a Syllabus which range from Personnel Administration 
to Dynamic Analyses of Marine Construction. These courses 
last from 1 to 10 days.

Relevant departments/courses offered:
Beyond the above mentioned training programmes, Det norske 
Veritas offers a special lecturing programme designed 
for future UN Technical Commission attendants. This programme 
covers aspects of ocean and marine engineering, practices 
and operation of related marine installations, equipment 
and devices from a pure technological point of view, 
as well as reliability and safety in general.

SWITZERLAND

7. Graduate Institute of International Studies 
132, rue de Lausanne 
CH-1211 Geneva 21

Executive Officer: Ch. Dominice, Director

Purpose/Scope:
Research and postgraduate teaching (mainly on doct oral
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level) in fields of history of international relations 
including political science, international economics,
and international law and organization.

Relevant departments/courses offered:
International law of the sea. The Institute also has 
joint programmes with various institutions, notably the 
Fletcher School of Law and Diplomacy and the Institutes 
of International Relations of Trinidad and Yaounde.

TURKEY
8. University of Ankara 

Faculty of Law
Hukuk Fakiiltesi, Cebeci Ankara

Executive Officer: Prof. Dr. Turget Akintiirk, Dean 

Purpose/Scope
To provide basic legal t raining for lawyers and judges 
at master's and doctoral levels. Research and training 
in all related fields of law.

Relevant departments/courses offered:
Maritime Commercial law is offered by the Department 
of Commercial Law. International maritime law is offered 
by the Department of International Law. Courses are also 
offered in shipping law and marine insurance.

UK
9. British Petroleum 

Britannic House
Moor Lane, London E.C.2

Executive Officer: G. Larminie, General Manager Environmental 

Purpose/Scope:
To inform interested people in latest, knowledge of oil 
spill clean-up and dispersants.

Relevant departments/courses offered:
Two-week course on oil spill clean-up and dispersants. 
Also have cooperative programmes with Orietton (field 
studies research) and Government research departments.

389.
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10. Imperial College
Applied Geochemistry Research Group 
Geology Department
Prince Consort Road, London SW7 2BP 

Executive Officer: Dr. D.S. Cronan

Purposc/Scope:
Teaching and research in the 
geochemistry and marine mineral 
and Ph.D. level.

fields of applied marine 
exploration on a M.Phil.

Relevant departments/courses offered:
Research programmes in exploration and evaluation of 
manganese nodules in Indian and Pacific oceans, eastern 
Mediterranean mineral deposits, hydrothermal sediments 
on mid-ocean ridges, Red sea deposits. Also planned research 
on economic worth, exploration and extraction melhods 
of metalliferous sediments.

11. Centre for Marine Law and Policy 
Department of Law
UWIST, King Edward VII Avenue, Cardiff, Wales 

Executive Officer: Prof. E.D. Brown, Director

Purpose/Scope:
To provide a centre of postgraduate teaching and research 
in marine law and policy on a multidisciplinary basis 
for both 3ritish and overseas students. All aspects of 
marine law and policy are offered with particular emphasis 
on international law of the sea, coastal zone management 
law and economic geography of the sea.

Relevant departments/courses offered:
International Law of the Sea; Commercial Law of the Sea; 
International Transportation Law; International Economic 
Law; Economic and Political Geography of the Sea. Seabed 
management and exploitation are included in the above 
named courses. Research is also conducted in delimitation 
of maritime areas, sea use planning and coastal zone 
management law.

USA

12. Universit y of Alaska
Institute of Marine Science
Fairbanks, Alaska 99701
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Executive Officer: J. Robert Moore, Director

Purpose/Scope:
Teaching and research in the field of maritime education 
leading to M.Sc. degrees in oceanography and ocean 
engineering and Ph.D. in oceanography.

Relevant departments/courses offered:
Graduate courses in physical, chemical and geological 
oceanography. Also a marine minerals research programme 
has been established in concert with the geological oceano
graphy programme. The Institute also houses a collection 
of approximately 10,000 individual bottom samples and 
cores covering some twenty potentially economic sites 
of offshore mineral deposits.

13. California State University and Colleges
Southern California Ocean Studies Consortium (SCOSC)
P.0. Box 570
Long Beach, California 90801

Executive Officer: Dr. Murray D. Dailey, Director

Purpose/Scope:
The SCOSC supports the marine programmes at six California 
State Universities: Long Beach, Pomona, Los Angeles,
Northridge, Fullerton and Dominguez Hills. It. offers 
also a vessel and teaching laboratories which are shared 
by the schools.

Relevant departments/courses offered:
State Universities at Long Beach, Pomona and Los Angeles 
offer degrees or emphasis in ocean engineering. Courses 
also offered in marine biology and marine geology. Research 
conducted in the fields of water quality, benthic and 
intertidal assessments.

14. University of Southern California
Institute for Marine Coastal Studies (IMCS)
University Park; Los Angeles, California 90007

Executive Officer: Prof. Don Walsh, Director

Purpose/Scope:
IMCS provides the University of Southern California with 
an institutional framework for the management, coordination 
and development of all its marine studies programmes.
The purpose is to develop trained manpower and conduct

USA (ConL.)
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significant 
space.

research in fields related to uses of

15.

Relevant departments/courses offered:
The IMCS conducts training, teaching and research activities 
in ocean sciences (oceanography), ocean engineering and 
marine policy studies (law of the sea, economics, manage
ment, etc.), economics of marine resources, management 
of marine enterprise. Special area programmes are available 
in. Marine Transportât, ion Management.: Marine Recreation:
Primary and Secondary Education in Ocean Studies; and 
Port and Harbour Management.

University of California at Berkeley
College of Engineering
412 O ’Brien Hall; Berkeley, California 94720

Executive Officer: Prof. Robert L. Wiegel, Chairman,
Committee on Engineering in the Ocean Environment

Purpose/Scope:
To provide general higher education 
aspects of human knowledge 
or a professional degree

and research in all 
Students may obtain a scientific 
depending on the emphasis of

the programme pursued. With M.Sc. and Ph.D. degrees emphasis 
is on theory, research and design. With professional 
degrees of M.Eng and D.Eng. emphasis is placed on economic 
and technical training related to the professional practice 
of engineering.

Relevant departments/courses offered:
Undergraduate and graduate programmes in Naval Architecture; 
Coastal Engineering; Offshore Engineering; Mining 
Engineering; Materials Science and Engineering; Mineral 
Engineering; Mining and Mineral Resources; Environmental 
Engineering; Ocean Engineering.

16. Florida Atlantic University 
Boca Raton, Florida 33431

Executive Officer: Dr. Glenwood Creech, President 

Purpose/Scope:
Offers programmes leading to the baccalaureate, master's 
and doctoral degrees. The professional colleges are Business 
and Public Administration, Education, and Engineering,
¿he liberal arts colleges are Humanities, Science and 
Social Science. The College of Engineering was originally 
built around the nucleus of the Department of Ocean 
Engineering. The educational objective of the Department 
of Ocean Engineering is to provide a comprehensive curriculum
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in science and engineering 
to perform engineering tasks

which will prepare 
in the ocean.

the student

Relevant departments/courses offered:
3.Sc. and M.Sc. in Ocean Engineering. Courses 
in oceanographic processes, materials and co 
underwater communications and acoustics, ocean st 
Research being conducted in manganese nodule class 
studies and search systems techniques for locating 
rich deep ocean bottom deposits of manganese nodules

offered 
rrosions, 
rue cures, 
i f i cat ion 
mine ra 1-

17. University of Miami
Rosenstiel School of Marine and Atmospheric Science 
4600 Rickenbacker Causeway; Miami, Florida 33149

Executive Officer: Warren J. Wisby, Associate Dean

Purpose/Scope:
To educate graduate students and perform research in 
the biological, chemical, geological and physical aspects 
of oceanography.

Relevant departments/courses offered:
M.Sc. and Ph.D. programmes in Marine Geology and Geophysics 
(includes sedimentary petrology, carbonate sedimentation, 
igneous and metamorphic petrology of deep sea rocks and 
oceanic islands); Ocean Engineering (includes ocean 
structures, unde rwa ter acoustics, materials in the ma r i ne 
environment); Ocean and Coastal Law.

18. University of Michigan
Department of Naval Architecture and Marine Engineering 
NA&ME Building; North Campus; Ann Arbor, Michigan 48109

Executive Officer: Dr. T. Francis Ogilvie, Department Chairman

Purpose/Scope:
Educational programmes offered in naval architecture 
and marine engineering from undergraduate through post
doctoral levels. Extensive research in these same fields.

Relevant departments/courses offered:
Marine Engineering, Ocean Engineering, Systems Analysis 
of Marine Systems, Engineering Economics, Naval Architecture.

19. University of Mississippi 
The Graduate School 
University, Mississippi 38677

Executive Officer: Porter L. Fortune, Chancellor
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Purpose/Scope:
To conduct research and offer training leading to graduate 
or postgraduate degrees in all tiplds ot the sciences, 
engineering, business, and the humanities and arts.

Relevant department s/courser. offered:
Marine Geology, Hydrodynamics, Ocean Engineering, Marine 
Law.

20. Cornell University 
Ithaca, New York 14853

Executive Officer: Frank H.T. Rhodes, President 

Purpose/Scope:
To prepare students for careers and advanced work in 
a wide range of scientific, professional, business, liberal 
arts, and interdisciplinary fields. Offers baccalaureate, 
master's and doctoral degrees in all subjects.

Relevant departraents/courses offered:
School of Civil and Environmental Engineering offers 
graduate courses in Environmental Law; Environmental
Quality Engineering; Environmental Quality Management;
Water Resources Planning and Analysis. The Law School 
offers courses in Environmental Law; International Environ
mental Law; and Problems in Environmental Law.

21. Oregon State University 
School of Oceanography 
Corvallis, Oregon 97331

Executive Officer: Victor T. Neal, Dirrctor, Marine Resources
Management Programme

Purpose/Scope:
To provide the opportunity tor students to do undergraduate 
and graduate work in a variety of programmes in scientific, 
technological. professional and liberal arts fields. 
Approximately 15,500 students enroll each year in under
graduate and graduate programmes.

Relevant departments/courscs offered:
School of Oceanography offers graduate programmes in 
geological, chemical and physical oceanography as well 
as geophysics. Of special interest are courses in: Deep-
Sea Sediments; Mineralogy of Marine Sediments; Stratigraphy 
of Marine Sediments; and Isotopic Marine Geochemistry. There
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is also a Master's degree programme in Marine Resource 
Management which is an interdisciplinary programme involving 
such courses as oceanography, political science, economics, 
engineering, fisheries, marine and coastal law, marine
pollution, navigation, etc.

22. University of Washington
School of Law
Seattle, Washington 98195

Executive Officer: William T. Burke, Professor of Law and 
Chairman, Committee on Graduate Studies

Purpose/Scope:
To prepare attorneys for both public and private practice 
who are equipped to provide skillful professional service 
and who are thoroughly conscious of the important role 
played by the law as a means of social control. The LL.M. 
in Law and Marine Affairs is designed to provide education 
in law directly bearing on the ocean and coastal zone 
and in the various sciences (natural, biological, marine 
and fisheries), engineering, technology, economics, geography 
and policy studies which 3re essential components of 
marine law and policy problems that confront the lawyer.

Relevant departments/courses offered:
Environmental Law and Management; Policy Development 
and Administration: Natural Resources; Ocean Engineering
Systems Design; International Law of the Sea; Selected 
Problems in Environmental Protection; Marine Technology 
and Ocean Engineering; Economic Aspects of Marine Policy; 
and Regional Implementation of Extended Economic Zone.

23. University of Washington
Institute for Marine Studies
Seattle, Washington 98195

Executive Officer: Prof. Donald L. McKcrnan, Director

Purpose/Scope:
The Institute is an academic and research unit designed 
to create and to foster innovative interdisciplinary 
courses of study and new approaches to marine policy 
research and to expand opportunities for more comprehensive 
and interrelated study and research about contemporary 
marine affairs. Grants and the Masters of Marine Affairs 
degree.

Relevant departments/courses offered;
Three areas of concentration: Coastal Zone Management; Marine


