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ABSTRACT

Patent issues are one way to observe the behavior of private firms and

government agencies at a formative stage in an industry's development when,

f or strategic reasons, these participants are careful about disclosing details

of their activi.ties. The seabed mining industry is a good example of an

industry in its formative stages. This industry has been characterised in

large part by the research and development  R&D! of technology to recover

minerals free deep ocean polymetallic nodules and to process then

metallurgically into metal products. The nearly 400 seabed mining patents

that have been granted worldwide are a rough measure of this 8&D activity,

Patent issues can reveal several interesting aspects of an industry:  a! the

identity of participants;  b! the generic type of technology;  c! the

technological concentration of patent holders;  d! the technological

integration of patent holders; and  e! the timing of inventive activity. ln

sane cases, industrial motivations and strategies may be inferred from these

aspects. Moreover, seabed mining might be subject to the cyclical

fluctuations of markets for the metals contained in polymetallic nodules.

Patent activity could provide sane insight into the nature of a possible

seabed mining industry cycle.
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I. INTRODUCTION

A. SUMMARY

Seabed mining, a formative industry directed at the recovery and

metallurgical processing of metals frau deep ocean polymetallic nodules, has

been characterized in large part by research and development  R&D! activity.

An indirect measure of the extent of this R&D to date is that at least 50

private firms and eight public agencies fran several countries hald seabed

mining patents. As measured by patent issues, R&D activity commenced in the

1960s, reached a peak in the early to mid-1970s, and continues today at a

greatly reduced pace. Recently, much of the industrial activity in seabed

mining has been discontinued because of inclement metal market conditions,

pessimistic forecasts for those markets, and other important factors. 1

In the seabed mining industry a small amount of activity currently is

directed at the clarification of access rights to exploration sites on the
2

deep seabed. When the world's metals markets rejuvenate and if the legal

regimes for seabed mining stabilize, one might expect a resurgence of activity

in the industry. Ultimately such activity may be expressed through innovation

  the caamercial enpLoyment of previously-developed inventions! using knowledge

generated in the first round of activity.

If seabed mining becaaes a cenmercial reality, then the recent decline in

seabed mining activity may represent the downside of the industry's first

cycle. This cycle could be reflected thxough patent activity even before the
3

industry entex's into caamercial production. Cyclical fluctuations are

characteristic of established markets for the metals contained in nodules:

4
particularly those of nickel, cobalt, copper, and manganese.

In some countries, concern for supplies of strategic materials may

actually accelerate the canmercialization of seabed mining. Japan, for

instance, is sponsoring a nine year R&D project to develop a manganese nodule
5

recovery system. The project is intended to culminate in 1990 when the

preponderance of seabed mining patents worldwide, which wex'e issued during the

first cycle, will begin to expire. As patents expire, the technology that

they describe can be manufactured, sold, or used without restriction. It is

possible, therefore, that this increased availability of technology could spur

a renewed industrial interest and reinfox'ce the tendency for cyclical behavior

in seabed mining activity.



The first section of this paper describes the seabed mining industry in

terms of data that have been abstracted from publicly-disclosed patent

activity. Those firms that embody the industry as well as those firms and

engineers that are potential participants or entrants into the industry are

identified. Several of the seabed mining firms have joined together in

ventures known as "consortia." The consortia are compared in terms of

concentration in the auaber of patents held and in the number of claims made

on these patents. Firms within each consortium also are canpared ia terms of

patenting concentration, and the primary patenting f irma  PPFs! are identified

for each consortium. Relative anphasis, or U.S. seabed mining patent activity

as a percentage of total U.S. patent activity, is examined in the case of each

PPF and is compared among PPFs. The timing of patent activity for each

consortium is depicted graphically. The timing of patent activity for all

firms or engineers may provide clues about the period of a cycle in the
7

industry.

This study makes no real attempt at a qualitative comparison of patents,

except to differentiate patents  including claims! into generic technological

categories. Generic categories help describe the array of technological

solutions to the two broad problems faced by seabed miners.' recovery and

metallurgical processing of polymetallic nodules. The spread of patent

activity across generic technological categories is examined for the consortia

aad poteatial entrant firms to suggest the possibilities for vertical

integration. Seabed mining firms may have tended to converge oa a specific

set of recovery technologies, although this convergence is not immediately

apparent from observations of patent data. Furthermore, any usef ul

qualitative cauparisoa may have to await the actual caamercial operation of

seabed mining technology.

Patents might also provide insight into the behavior of firms and

governments as they seek protection for their intellectual properties  patents

and trade secrets! . Possible motivations aad strategies of some of the

consortia and major government seabed mining efforts are inferred fran

information developed in the first section of this paper. The motivations

include the canmercial development of new sources of miaerals to supplement

dwindling onshore sources; the protection of market position, 'the sale of

ideas, experience, or technology, and eatrance into a potentially successful

industry. The strategies involve either patenting or keeping trade secrets:



each may be employed to protect intellectual property. Patents might be used

to protect technology from other firms outside of a particular consortium  or

even from other prospective member firms within a consortium!. Patents also

might be sought to fence-in an invention, to substitute for a proven

technology, to exhibit technological capability with the intention of

attracting custaners or investors, or to package technology in order to

facilitate the licensing or sale of certain rights.
8

B. METHODS

Patent data used in this study were obtained primarily through a search of

the "Official Gazette" of the U.S. Patent and Trademark Office. The

comprehensiveness of this search was checked and confirmed through a caaputer

search of U.S. patents in the CLAIMS database. In addition to these
9

searches, reference was made to earlier patent searches and published
lO

sources. Other sources are referenced in the text where appropriate.

None of the former patent searches provide a current, comprehensive

examination of patents related only to both seabed polymetallic nodule mining

and processing. Moreover, this study is believed to be the first public

attempt at analysis of the strategies and motivations of the developing seabed

mining industry based upon an important indicator of preproduction activity:

patenting.

The ma/ority of seabed mining patents have been issued in those countries

where private firms or government agencies have been the most active

participants in the seabed mining industry: the United States, West Germany,

Canada, the United Kingdan, the Soviet Union, Japan, and France. In many

cases, firms have patented their inventions in more than one country to

provide extra protection for that invention. Seabed mining patents granted in

countries other than the United States were searched by three methods. First,

foreign nodule recovery patents were searched at the Patent and Trademark

Office files in Crystal City, Virginia, under the same classes and subclasses

that U.S. patents were searched in the "Official Gazette." Second, both

nodule recovery and metallurgical process foreign patents were discovered in

publications. Third, a caaputer search of an international patent database,

INPADOC, was conducted to locate both nodule recovery and metallurgical
ll

pr ocess patents.

Fran the data collected, it is evident that more seabed mining patents



have been granted in the United States t'han in any other country. In fact,

over two-thirds of all the seabed mining patents discovered in this study have

been issued in the United States. West Germany, with less than one-sixth of

all patents, is a distant second. It is probable that most seabed mining

f irms envisioned the United States as the primary location for the

manufacture, use, or sale of seabed mining technology, and therefore patent

rights were perceived as more valuable there. This phenomenon may be an12

artifact of the search methods, however, since it has been much easier to

locate U.S. patents in the United States. For example, preliminary results

from a separate review of seabed mining patents in Japan revealed 27 patents

held by Japanese nationals. Only ten of these were identified in manual

searches conducted for this study, and none were identified through the

computer search. This stud.,, as in any patent search, cannot claim to be13

all-inclusive, and foreign patents have been especially difficult to search

because of language barriers and differences in classification systems.

Nevertheless, this is believed to be the most caaprehensive and current

collection of patent information available on the seabed mining industry. Any

missing information should have a minimal impact on the conclusions of this

s tudy.

II. SEABED MINING PATENT DATA

A. SEABED MINING PATENT ASSIGNEES

Al. Consortia. Several of the world's largest private firms have entered

into partnership arrangements or joint ventures for the purpose of seabed

mining. These arrangements or ventures are referred to here as seabed mining

consortia. The consortia are the mostly private groups: Ocean Nining

Associates  OHA!, the Kennecott Consortium  KCON!, Ocean Nanagement

Incorporated  ONI!, and Ocean Minerals Company  ONCO!; and the mixed

public-private groups: the Association Franraise pour 1'Exploitation et le

Recherche des Nodules  AFERNOD! from France and the Japanese Deep Ocean

Resources Deve1opment Company  DORD!. Figure 1 depicts the organization of

seabed mining consortia firms. In many cases, only a few conpanies that

participate in each consortium hold patent rights. With patent data,

therefore, it may be possible to begin to unravel intraconsortiun patenting
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 and perhaps R6D! strategies Sane possible strategies are described in
greater depth in section III.

A2. Potential Eatrants. Several other large private firms have conducted

seabed mining R&D and hold patent rights to seabed mining inventions. These

firms have not joined with others to plan for or conduct seabed mineral

development and are generally not considered active members in the iadustry.
These f irma, which include Bendix, Bethlehem S teel, Dow Chemical, General
Dynamics, Global Marine, Union Carbide, Mes tinghouse, and others, are

considered here as potential entrants to the seabed mining iadustry. Patents

held by individuals or institutions in the Soviet Union have been included in
14

this category as we11.

A3. ~dn ineers. Other snaller fines or individuals hold patents to seabed

mining iaveatioas. This group, referred to here as engineers, includes small

engineering firms and patent development caapanies. Zn sane cases, ic may be

inaccurate to distinguish between potential entrants and engineering firms.

Sane poteatial entrants may be ia the engiaeering business.' conducting R?'D
with the intention of selliag experience or patent rights to more active

15f i.rms. Sane engineers may becane involved in joint ventures. In fact,
the Continuous Line Bucket Syndicate  CLB!, an early noncanmercial R6D and

exploration venture, was orgaaised primarily through the efforts of two

engineers, Ccmmander Yoshio Nasuda of Japan aad Dr. John 'iifero of the United
16

States.

A4. Who holds seabed miaia ateats? Figure 2, parts A, B, and C, lists
the firms, agencies, or individuals that hold seabed mining patents. These

entities have been classified as consortiun members or affiliates, potential

entrants, or engineers. Potential eatrants aad engineers are further

separated by nationality. The total naaber of nodule recovery pateats aad

metallurgical processing patents have been identified for each entity.

Patents granted in the United States and ia other countries have been included

regardless of whether the same invention has been patented by the same entity
17

in more than one jurisdiction.

Figure 2, Part A lists firms or agencies that are members of or in scme

way affiliated with members of seabed mining coasortia. Because there has

been no examination of patent licensing agreanents, sane of the affiliations

represented here may be tenuous. For example, Shell Oil is a subsidiary of

Royal Dutch/Shell, which in turn is a parent of the ONCO consortiaa member



FIGURE 2

A. CONSORTIUM MEMBERS OR AFFILIATES THAT HOLD SEABED MINING PATENTS

~Recover Processin Total
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1
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FIGURE 2  Continued!

~Recover ~Pr oc eve ic Total

B end ix
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SOF REM
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Moscow Mining Institute
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Transportatfon Cons. Res. Institute

USSR

7954 25POTENTIAL ENTRANT TOTALS:

B. POTENTIAL ENTRANTS THAT HOLD SEABED MINING PATENTS



Figure 2  Continued!

Processin~Recover Total
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C. ENGINEERING FIRMS AND ENGINEERS THAT HOLD SEABED MINING PATENTS
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Figure 2  Continued!
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Billiton. Although diff icult to verify, this relationship may facilitate the

licensing of patented seabed mining technology. Other affiliations are

clearer. Deepsea Ventures Incorporated  DVI! is a service contractor for the

OMA consortim, 'Newport News Shipbuilding aad Drydock  NNS&D! spawned DVI in

the late 1960's and holds no seabed mining patents after 1970. Earl & Wright,

an engineering firm, is a subsidiary of OHI consortiun member, SEDCO.

Sumitcmo Metal Nining and Nitsubishi are correctly represented as members of

the OMI and KCON consortia, respectively. These two firms are also members of

the Japanese consortitnn, DORD ~

Potential entrant firms have been arranged in Figure 2, Part B in

alphabetical order by nationality. Sane of these firms may have been hired by

or may have conducted joint research with the more active seabed mining

firms. For example, Tetra Tech holds a joint patent with GNEXO aad SLN,

members of the French consortium AFERNOD. AFERNOD, which is led by French

governmental agencies, has hired engineeriag firms to undertake feasibility

studies on seabed mining. One of these firms, Alsthcm-Atlantique, is a parent

of pateat-holder Societe Generale de Gonstructioas Electriques et Mecaniques

 SGGEH!. Several of the potential entrant firms are subsidiaries of firms

that might be considered large enough to participate in seabed mining alone or

as a consortiun member. SGGEN falls into this category as well as Deutsche

Babcock & Wilcox A.G., an affiliate of the U.S. marine construction ccmpaay,

NcDermott, aad Demag L.N.S., a subsidiary of Nannesmann A.G.

Figure 2, Part G lists engineers, including small engineering firms and

patent development firms, in alphabetical order by nationality. It is unknown

to what extent any of these patents have been licensed to other firms or to

the seabed mining consortia. Netallgesellschaf t has cited the technologies

patented by Demag  see potential entrants!, James Ball, Jaa-Olaf Willums, and
18

Dieter Hody as potentially innovative. Hero and Hasuda were largely

responsible for pranoting early seabed miaing fervor in the 1960's.

B. PATENT CONCENTRATION

Bl. Patents. Oace the i.deatities of pateating firms are known, a rough

picture of relative inventive activity can be drawn by canparing the naebers

of patents held by these firms. Figure 3 reveals the "concentration" or

the percent of total nodule recovery, total metallurgical processing, or total

seabed mining patents held by consortia, potential entrants, or engineers.
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Figure 3

PATENT CONCENTRATION

 Percent of All Seabed Mining Patents!
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Seabed mining consortia firms as a group hold more nodule recovery aad

metallurgical process patents than either the potential entrants or

engineers. Interestingly, potential entrants aad engineers considered

together hold more nodule recovery patents than the consortia as a group.

Evidently, potential entrant firms and engineers have tended to emphasize

recovery technology. In fact these firms rarely have patented both types of

technology; only three firms or engineers have both nodule recovery and

metallurgical process patents. The consortia have teaded to emphasize both

recovery and processing technology, which may reflect interests in achieving

vertically integrated operations. The consortia hold over two-thirds of the

metallurgical process patents indicating that this area may be technologically

more complex.

In this canparison of patent conceatration, ONA clearly holds the highest

conceatratioa with almost one-fifth of all seabed mining patents; Figure 3

shows ONA's primary position in nodule recovery aad its secondary position in

metallurgical processing. KCON follows ONA almost solely on the basis of its

metallurgical processing patent concentration ia which it holds 29 percent of

all patents. ONI places third ia the comparison with 13 percent of all seabed

m i ning pa t en ts .

B2. Claims. Patent concentration is necessarily a rough picture of RSD

activity, and technological achievenent, because it does not canpare the actual

inventions on a qualitative basis. Noreover, patent coaceatratioa does not

measure the number of new technological concepts that together may describe

and define a particular invention. Ia U.S. patents, individual "claims" are

made on these new technological concepts as part of a description of an

inventioa. Figure 4 shows the coacentration of claims on U.S. pateats only.

Although this representation of R6D activity still cannot compare inventions

qualitatively, it may provide a better measure of the aunber of new
20

technological concepts that accanpany seabed mining patents.

In this comparison of claims concentration, the consortia ranaia in almost

the same positions as in the patent concentration comparison, with at least

two notable exceptions. First, ONA has a greater number of metallurgical

process claims than KCON. ONA actually averages over L5 claims per process

pateat while KCON averages only nine. Second, ONCO has surpassed KCON aad

AFERNOD ia its concentration of nodule recovery claims. Lockheed made 99

claims on its oae ranote-control, bottom-crawler recovery system patent. With
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Figure 4

 RAINS CONCENTRATION

 Percent of all claims made on U.S. seabed mining patents!*
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the exception of OMA member, Union Niniere, which has made 109 claims on two

recovery patents, no other seabed mining patent comes cLose to Lockheed's in

total naaber of claims. This may be an important indicator of patent strategy
ia the case of the OMCO group. 21

B3. Intraconsortium atents and claims. Concentration data indicate the

relative importance of consortia patent activity, at least in the amount of

activity, when compared to the pateat activity of potential entrants and

engineers. Zt may prove useful, therefore, to examine more closely the

concentration of patents and claims withia individual consortia. Figure 5

shows the percent of total patents aad total claims on U.S. patents for the

members of each consortia@. The primary patenting firms  PPFs! in each
22

consor tium caa thereby be ideatif ied. Deepsea Ventures  including eight

patents held by Newport News Shipbuilding and Drydock! and Kennecott are

overwhelmingly the Lead patenting firms ia their respective consortia.

Because the OMA and KCON groups are the leaders in industrywide patent and

claims concentrations, oae might conjecture that Deepsea Ventures and

Kennecott have been the most active firms ia seabed miaing R&D, with Kennecott

clearly emphasizing metallurgical processing work. Ia the cases of OHI and

AFERNOD, patent and claims activities are distributed among more of the member

firms or agencies, although Inco and GEA are clearly the respective leaders.

In ONGO's case, Lockheed holds only one of six total patents, but has made

over three-quarters of the claims. The available evidence is insufficient to

draw conclusions for DORD, but the Agency of Industrial Science and Technology

 AIST!, an affiliate of the Japanese Ninistry of International Trade and

Industry  NITI!, has been conducting a large-scale manganese nodule R&D
23

prospect with the assistance of about 16 private companies.

C. RELATIVE EMPHASIS

Concentration data reveal those firms aad ageacies that have been most

active ia patenting, and therefore possibly also in R&D, ia the seabed mining

industry. But concentration explains little about the emphasis within a firm

or agency on seabed miaiag R&D. Figure 6 shows U.S. seabed mining pateats as
24a percent of all U.S. patents granted to PPFs during 1969-80. Data on

four large potential eatraat firms has been included for comparison. Again,

Deepsea Ventures leads with over two-thirds of its total patent activity

directed toward seabed mining. CNEXO and SIN follow with only oae~uarter of
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Figure 5

INTRACONSORTIUM PATENTS AND CLAIMS CONCENTRATION

 Percent of patents and claims held by consortium member firms! ~
 Primary Patenting Firms IPPFs] are underlined!
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Figure 6

RELATIVE EMPHASIS

U.S. Seabed Mining
Pa tents
1969-80

All U.S.
Pa tents

1969-80

U.S. Seabed Mining
Patents as a X of all

Patents: 1969-80PPF

DVI  and NNS&D!

CNEXO b/

SLN b/

Kennec ot t

Pr eus sag

Inco, Inc.

Suaitaao Metal

Lockheed H&S

38 �0!54

1.5 �5!

1.5 �5!

223 33 �5!

18

446   3!

N.A. N.A.

  2!

CEA 821

AIST c/ 56 N.A. N.A.

Potential Entrants

84   4!Global Marine

Bethlehem Steel

General Dynamics

UOP, Inc.

468

490

2425   0.2!

a/ 100X of IVI's relative emphasis during this period was spent on seabed
mining patents. NNS&D has obtained saae patents in other areas during
this period.

b/ CNEX0 and SLN have one joint and two separate U.S. seabed mining patents.

c/ AIST holds one 1983 U.S. seabed mining patent.

 U.S. seabed mining patents as a X of all U.S. patents by PPF during 1969-80!
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their patent activity in the seabed mining area, and Kennecott takes a distant

third with 15 percent of its total patent emphasis in seabed mining.

Several firms or agencies, including UOP, CEA, General Dynamics, Bethlehem

Steel, and Inco, obtained many patents in different areas during this period,

a good reflection of their extensive R&D capabilities. But, and perhaps nat

too surprising in light of the concentration data, these firms expended a very

low percentage af their total patenting emphasis on seabed mining technology.

Indeed, many consortium member f irma expended relatively less emphasis on

seabed mining patents than did potential entrants. One advantage in forming a

consortium may be the allocation of responsibilities such that those firms

with particular expertise in an area such as seabed mining R&D undertake the

bulk of the work in R&D and patenting. Lockheed, Kennecott, and Deepsea

Ventures may be examples of this kind of distribution af responsibility.

D. TZNING OF PATENT ACTIVITY

The timing of patent activity is an important quantitative measure of the
25rate of invention in an industry. R&D usually is a prerequisite to

invention, Therefore, the timing of patent activity may provide a rough

measure of the tihing of R&D activity. This is especially useful in an

understanding of the seabed mining industry, because much of its efforts have
26been directed at R&D. If the seabed mining industry is cyclical in

nature, a trait that generally is characteristic of mining industries, an
27examination of patent timing may help to describe the nature of the cycle.

The timing of patents for the entire seabed mining industry is depicted in

Figure 7.  The numbers along the X-axis of the figure represent, on tap, the

years in which patents were granted and, underneath, the years in which those

patents will expire.! The first seabed mining patents were issued in the

mid-1960's, and patent activity has continued fram that date until the

present. The preponderance of patents were granted between 1973 and 1978.

Thus a period of patent protection exists for most seabed mining patents until
1990-95.

In the United States, the process of application for the issue of a patent
an an invention takes an average of two years due to a tremendous backlog of

patent applications and a limited examining staff at the Patent and Trademark
28

Office. This rule-of-thumb holds true for seabed mining patents as well.

 Figure 8 shows the cumulative naaber of U.S. seabed mining patent
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applications and grants at any moment in time and displays the approximate two

year lag between applicatioas and grants.! Because most seabed mining patents

were granted between 1973 and 1978, it follows that applications for these

patents most likely were filed between 1971 and 1976.

As roughly indicated by this timing pattern, most seabed mining RGD, which

resulted ia applications filed during 1971-76, must have taken place in the

late 1960's and early 1970's. Although the lag structure for seabed mining

RhD to ecoaaxic conditions in the metal markets is unknown in this industry, a

caaplex interaction of factors probably worked f irst eo spur aad then to slaw

seabed mining R6D. These factors may be related to economic signals,

political events at the Law of the Sea Conference, and legal uncertainties

associated with the status of exploration and exploitation sites. RSD

accelerated during the early 1970's when economic conditions generally were

bright. Subsequent to the time of the 1973-74 recession, which was

precipitated by the energy crisis, seabed mining patent activity levelled-off

and declined steadily thereafter. Thus, if a seabed mining R6D cycle exists,
29

the period can be very crudely estimated at twenty years.

Interestingly, if this period should persist, the next upswing would occur

in the early 1990's. This coincides with the beginaing of the expiration

dates for the bulk of the seabed mining patents. As these patents expire, the

technology that they describe can be manufactured, sold, or used without

restriction. This increased availability of technology might then enhance a

renewed industrial interest and reiaforce the tendency for cyclical behavior

in seabed mining activity.

It is known that the consortia had constructed timetables for their R6D

programs. When their programs had been caapleted, the consortia decided30

not to continue seabed mining RQ!. It is passible, therefore, that the

individual strategies of the seabed mining consortia may have been important

factors in shaping this round of patent activity. The timing of patents for

the individual coasortia is depicted in Pigure 9. The consortia, ONA, ONI,

KCON, aad AFERNOD, show a large increase ia patent activity at approximately

the same time as they were formed. The technological groundwork which

preceded the patent activity may have helped coatribute to the formation of

these consortia. Sane of the patents that preceded consortia formation may

have been sought to advertise technological capability and attract partners or

custcmers. The primary patenting firms may have sought patents in pare to
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protect theaselves from their prospective partners  otherwise, they would have

to reveal unprotected know-how!. As the consortia were f ormed, additional

know-how protection could be written into their !oint venture agreanents.

Once the first round of RAD had occurred, and pateats had been obtained, the

techaology was protected for a seventeen year period. Mhile envisioning a

diminishing rate of return oa additional research in the absence of immediate

caamercial development, patent holders could then afford to back off oa MD

and await more favorable economic conditions before cmunercial utilization of

their technology. These strategies are examined in greater detail in section

E. SPREAD OF PATENT ACTIVITY

The production of metals fran seabed nodule ores involves two broad

problems: the recovery of nodules from the deep seabed and the metallurgical

processing of those nodules. Each problem can be separated into several

generic categories of technology  see Appendix!. The recovery of nodules from

the deep seabed consists of collection, lif t, surface support, sad

transportation technologies. The metallurgical processing of nodu1es consists

of reduction, extraction, and electrowianiag of nickel and copper, and the

beneficiation of other metals like cobalt or manganese. Figure 10 shows how

the patent activity of consortia aad poteatial eatraats is spread across
31

generic categories of seabed mining technology.

The spread of patent activity may have important implications for the

vertical integration of firms in an active industry. The extent to which a

firm has the ability to recover and metallurgically process seabed nodule ores

reveals its technological position within an industry and may have saae
32

importance with regard to its eventual cmunercial success. As depicted in

Figure 10, in general, the coasortia are more vertically integrated than

individual potential entrant firms. Two consortia, OHA and ONI, have patented

technology ia each generic category aad appear more vertically iategrated than

the other consortia. The spread of patent activity reaffirms the conclusion

drawn earlier from the concentration data that potential entrants have tended

to focus on either recovery or processing technology. In very few cases, such

as Bethlehem Steel and Mobil Oil, poteatial entrants have patented both nodule

recovery and metallurgical processiag technology.

Generic categories of technology caa be further subdivided into specific
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technologies. For example, at least six specif ic technologies canpose the

generic category of collection: sampler, CLB bucket, towed sledge, hybrid

bucket/sledge, robot crawler, and autonanous shuttle. The generic categories

of recovery and metallurgical process technologies have been subdivided in
33

Figure ll by consortia. Patent activity across specific technological

solutions within a generic category may have important implications for

technological performance relative to rivals. For instance, AFERNOD members

hold patents on f our out of the six collection technologies, including the

autonanous shuttle, which is radically different in concept fran technologies

patented by other firms. AFERNOD's diversif ication within this generic

category reveals a flexibility that eventually might allow it to operate with

the most camnercially successful specific solution to the collection problem.

Under conditions of canmercial operation, and especially after patent

protection expires, one might expect operators to converge upon the most

effective technology. If specific categories are broad enough to allow34

more than one patent on each specific technology, i.e., substitutes, as

appears to be the case in many seabed mining technologies, then convergence

could occur even before the industry becanes canmercial. The spread data show

that several consortia have patented canponents of hydraulic systems: tiered

sledges, robot crawlers, waterpumps, and airlif ts, among others. In fact,

hydraulic systems are the purported technology of OMI, OMA, KCON, and
35

OMCO. The Japanese are conducting a large-scale RkD project directed at
36

developing a hydraulic systan. Recently, the French have indicated their

intentions to move away fran the autonanous shuttle concept and towards the

hydraulic system. Thus convergence upon a perceived most effective37

technology is possible even before camnercial operations. But, because

patents have been granted on many kinds of technology, this convergence is not

immediately apparent fran obser~ations of patent activity.

III. MOTIVATIONS AND STRATEGIES

A. OCEAN MINING ASSOCIATES  OMA!

The OMA consortian was an early canmercial pioneer in seabed mining

research and exploration. The operating arm of the consortium has been

Deepsea Ventures  DVI!, a canpany spawned by Tenneco-controlled Newport News
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Figure 11

SPREAD OF CONSCHTIA PATENT ACTIVITY ACROSS SPECIFIC TECHNOLOGICAL CATEGORIES
 Recovery and Hetallurgical Processing!
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Shipbuildiag 6 Drydock  NNSRD! ia the late 1960's. Ia 1970, DVI was employed

by Tenneco and Metallgesellschaf t to conduct RAD, exploratioa, and testing.

In Nay 1974, ONA was formed as a U.S. partnership between Tenneco and several

Japanese companies  JAMCO!. By November of that year, U.S. Stee1, the largest

steel producer in the Uaited States aad a major manganese consigner, aad Unioa

Miaiere, a Belgian mining coacern with a major position ia the world cobalt

market, had joined OMA. In 1977, Sua, a diversified U.S. energy canpany,

joined the consortiun, sad Teaaeco aad JANt:0 withdrew their memberships. Ia

late 1980, ENI, the Italian national oil caapaay, became a partner ia the

consortiua. ENI was to contribute fuads until it had matched those already

contributed by the other partners. ENI's share in the partnership grew

camaensurate with its financial coatributioas. OMA was perhaps the the most

active coasortiun through 1982, when its activities were sharply curtailed and
38

its mining vessel was decamaissioaed.

The timing of patent activity by OMA firms reveals an interesting pattern

as showa in Figure 9. Iaitia1ly, patents were obtained ia the late 1960's by

NNS6D on recovery technology. This patent activity may have been coaducted

with the intent of attracting investors to a camnercial joint venture.

Indeed, Tenneco joined first with Metallgesellschaf t  aow an OMI menber!, then

with several Japanese ccmpaaies, to conduct exploration, testing, aad R6D.

During the period 1973-1977, most of ONA's metallurgical processing patents

were graated. It is apparent that the consortium was spreadiag its

technological capabilities to achieve a more vertically integrated operation

as its internal structure was changing. DVI may have been especially

concerned with pateatiag first to protect, the technology that it had developed

itself and second to increase the company's value in terms of technological

capability.

GVI patented several recovery technologies in the early 1980's. Seven

patents were granted ia 1982. DVI may have fe1t that its latest recovery

technology, which had been updated from the late 1960 designs and possibly

kept under wraps, should be patented before its HkD program was curtailed.

These patents extead protectioa for this technology until the turn of the

century. Although ENI did join OMA ia 1980, the other coasortium menbers had

slewed their program f uadiag considerably. Essentially, ENI was "buying" the

technology that had been developed earlier by Deepsea Ventures for the OMA RhD

program. When OMA sharply curtailed its operations ia 1982, DVI placed its
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39patent rights up for claim by the ONA partaers.

As a consortium, OMA leads all other consortia in patents and claims.

Deepsea Ventures  including NNS&D! is clearly the primary patenting firm for

ONA, and its R&D emphases have been directed predominantly �0X! at seabed

mining. DVI's patent activity is spread across all categories of generic

technology. I%I appears to have pursued a strategy of pateatiag in order to

demonstrate techaological prowess. For example, in its exploration license

application filed under the requirements of U.S. law, OHA has claimed that its

program "has developed innovative techaology in the fields of marine science,

ocean engineering, mineral processing aad product utitilization. Evidence of

this innovation is an inventory of more than 300 related patent cases, of

which almost 200 have been allowed or granted to date." �40

An additional strategy employed by DVI may have involved fencing in. A

cuapany can fence-in an invention by obtaining patents on similar inventions

that are only slight variatioas on the original. Ia this way a technological

breakthrough can be protected fran other firms that seek a portion of the

patent monopoly through patenting their own similar inventions or
41

substitutes. Many of DVI's recovery patents modify one or more attributes

of earlier patents that describe its "tawed dredgehead with rake"  see Figure
4212! and associated lif t and surface support systems. The real test of

fencing in, however, is whether the similar patents are actually employed by

the patenting firm or just left asleep. In a not-yet-camaercial industry like

seabed mining, it may be impossible to determine the extent of fencing-in

because few of the patented inventions becane innovations, or camnercially
us ef ul t echnol ogy.

B, KENNECOTT CONSORTIUM  KCON!

KCON was formed as an unincorporated joint venture in January 1974. The

original participaats in the venture included Kennecott, a major copper

producer and wholly owned subsidiary of Standard Oil  Ohio!; the British

mining houses: Rio Tinto Zinc and Consolidated Gold Fields; Noranda,

diversified natural resources caapany from Canada, and three Nitsubishi group

caepanies fran Japan. In 1977, British Petroleous  BP! joined the venture  BP

also has a 53 percent ownership of SOHIO!. Kennecott has controlled the joint

venture, however, with a 40X share,' the remaining participants, including BP,

each hold 12X shares. Exploration aad technical development activities were
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systetn and exhausts from the rear of the vehicle, and
mud is cleared from the ore before bringing the ore to
the surface.
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discontinued in the late 1970's, but KGON has been active in seeking access to
43

mine sites through legal procedures.

Kennecott has been the primary patenting firm for KCON with 93' of the

consortiun's seabed mining patents. In 1969, Kennecott patented a

robot-crawler collection and hydraulic lift systan  see Figure 13!; and in

1973, before KGON was assembled, Kennecott patented an air-lif t recovery
44

system. These pateats may have been used to attract investors, although

it is unclear whether the collectioa technology has ever been tested. From

1973 through 1981, and especially during 1973-1977, Kennecott received

numerous patents on metallurgical processes. Indeed, Kennecott leads the

industry in number of process patents  just trailiag IXI in claims oa those

patents!. This leadership in the processing area is consanaat with

Kennecott's extensive metallurgical RhD capabilities, and, in fact, from 1969

to 1980, Kennecott's seabed mining pateats accounted for only 15X of its 223

pa tents.

Especially through the development of its renowned "cuprion" reduction

process, Kennecott has clearly demonstrated technical prowess in the

metallurgical aspects of seabed mining  see Figure 14!. It is possible that

the cuprion process, as
45

it. Coaf irmation

Kennecott has devised its patent activity to fence-in

several patents describe that process or variations of

of that strategy must await commercial activity in the seabed mining

industry. To same extent, Kennecott may have patented its technology to

protect itself freya prospective joint venture partners. Patents have been

ohtaiaed by Kennecott in several countries where other

operations: Canada, the United Kingdaa, Australia, aad

KCON m emb er s have larg e

South Africa.
46

C, OCEAN NANAGENENT INCORPORATED  ONI!

The OHI consortiun was organized in 1975 as a U,S. partnership managed by

a joiatlyWeld corporation. The partners are Iaco, the leading world nicke1

producer; Sedca, a U.S. marine operator; AMR, a West German partnership shared

by Hetallgesellschaft, a large nonferrous metals caapany, Preussag, a major

extractive resources company with extensive marine operations, and Salzgitter,

a state-owned diversified steel company with interests in shipbuilding and

marine operations; and DONCO, a complex Japanese joint-venture of 24 caapanies

led by Smnitomo, one of the largest trading houses in Japan. OHI has

conducted successful tests af a tawed-sledge, hydraulic recovery system,' in

1978 large amounts of nodules were recovered frau the Pacific. Sitempecific
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exploration activities were discontinued after 1980. Recently, the AMR group

has filed for an exploration license on its own in West Germany, although it

remains a partner in OMI. Several of the Japanese companies, especially

Sumitomo, have been involved in the Japanese consortium, DORD.47

OMI member firms hold about 13 percent of all seabed mining patents and

approximately nine percent of claims. Inco clearly holds more seabed mining

patents than its partners, although several OMI partners or their subsidiaries

also have patented seabed mining technology. Inco, however, has exerted a

very small percentage �X! of its extensive R6rD capabilities towards s eabed

mining as measured by patent activity. Inco has directed its efforts at a

towed sledge, hydraulic recovery system and pyrometallurgical ore reduction

processes that are similar to its existing nickel ore beneficiation

processes. Other OMI partners or their subsidiaries have patented or anployed

additional seabed mining technologies. Sedco's Earl 6 Wright engineering

subsidiary has patented a robot crawler type collector  see Figure 15! and the

Sedco 445, a converted offshore hydrocarbon drillship, has been used for

surface support.. unco, Metallgesellschaf t, and Smnitomo have participated in

the CLB Syndicate's research activities. Preussag has been involved in other

marine mineral technology development activities such as the recovery of

metallif erous muds from the Red Sea. Preussag holds a number of patents on

seabed samplers and on a nodule-collecting magnetic drwe. One Salzgi t Ler

subsidiary, Howaldtswerke Deutsche-Werft, has patented a canbination ship and

pier surface support and transport system  see Figure 16!. Salzgitter itself

has patented a recovery system that concentrates nodules by dragging an

open-ended collector along the seabed from a surface vessel. Another vessel

follows with a conduit that collects and lifts the concentrated pile of

nodules. Suuitomo Metal Mining has patented yet another tmed sledge
48

design.

The ONI partnership agreement creates additional protection for

intellectual property or know-how that has not yet been patented. 'The

agreement permits all of the member firma to manufacture, use, or sell

know-how developed by any one firm during OMI projects. These rights are

subject to royalties, however, if the firm that employs the know-hm is not

the same one that developed it. Moreover, although the member firms may

participate in seabed mining projects which are sponsored by their respective

national governments  e.g., ANR and DONCO!, the use of OMI knowhow in these

projects requires the specific written consent of all the other OMI
49

m embers.
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Karl 6 Wright's robot crawler collector was patented in l972, bef ore the

coasortiaa was organized. This technology may have been developed and

patented with the intention of displaying technological capability and thereby

attracting custaners to Sedco's marine operator business. In fact, Sedco's

drillship  also desigaed by Earl 6 Mright! was converted and used for

prospecting activity af ter Sedco joined the consortiun, although Sedco

contributed  in accordance with its 25X share of ONI! to the conversion.

Inco's patent activity may have been inspired in good measure by interest

in preserving its duninant position in the world nickel market. Inco is also

a substantial producer of copper and cobalt. Inco is a vertically integrated

metals ccmpsay that mines, processes, and produces rolliag mill, f orgcd, and

machined products. Iaco has also developed metallurgical processes for

recovering nickel and cobalt from laterites, which are oxide ores similar to

nodules. By obtaining patents in the recovery and processing areas, Inco

ensures its ability to enter the seabed mining busiaess or perhaps exclude

others through the patent monopoly. Inco thereby pxotects its future market

position if in fact seabed miaing does becaae a canpetitive means of producing

metals.

The DONCO group, led by Sheaf tomo, may have participated in the ONI

consortium at least in part as a learning experience. Sumitomo has also taken

a lead role in DONA, the Japanese public association that was established to

coordinate public aad private efforts in the development of a seabed mining

industry; in DORD, the Japanese seabed mining consortima,' aad ia the

Technology Research Association for the Nanganese Nodule Nining Systen, which

manages the Japanese large-scale RhD project. Sunitano has gained valuable

experience as an ONI member. Suaitomo Netal Nining holds U.S. patents on a

nodule survey apparatus, a tawed sledge, aad a sulfur dioxide x'eduction
50

process. Although the direct transf er of technology to another consortieu

without liceasing agreements has been prohibited ia the joint venture

agreemeat, it is probable that at least some of the experience gained has been

transferred to other Japanese seabed miaing efforts.

The motivations and strategies of the ANR group are perhaps best

understood as a ccmbination of those already mentioned for other ONI

partners. Netallgesellschaft, as a diversified and vertically integrated

metals producer, clearly gains fran the discovery of new potentially

recoverable resources that can be added to its resource base.
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D. OCEAN MINERALS COMPANY  OMCO!

The OMCO consortium was organized as a U.S. partnership in November of

1977. The consorti~ is led by Lockheed, a major U.S. def ease contractor and

R&D vendor � particularly in the aerospace industry. Other members iaclude

Amoco Ocean Minerals, a subsidiary of Standard Oil  Indiana!, a major oil and

gas producer and also a producer of metals such as copper, cobalt, and nickel;

Royal Boskalis Westminster, the large Dutch marine and civil engineering finn;

and Billiton, a nonferrous metal produciag subsidiary of Royal Dutch/Shell.

Lockheed is the prime coatractor for OHCO and thus earns revenues frau the

other consortium members through its seabed mining R6D.
51

In contrast with the other seabed mining consortia, the OMCO group has

sought few patents. Lockheed has patented its recovery system which includes

a self-propelled, bottom-crawling miner vehicle that is attached by a flexible

linkage to a "buffer" on the end of a pipestring  see Figure 17!. The

system uses hydraulic water penps and dewatering devices aboard the surface

vessel. Lockheed has made 99 claims on its patent-~ore than can be found in

any other seabed mining patent. Ia vi.ew of the fact that Lockheed as a

company is primarily engaged in R&D and high technology contract work, it is

probable that its main patent strategy has involved attracting custaners or

investors. Lockheed has made its technology easier to display and market by

placing it in oae package.

Lockheed has a pending patent

attribute of its recovery system,

applicatioa in the United Kingdan on one

the buffer. The buffer serves aa
53

important function as a temporary storage receptacle f or the nodule~ater

Metallgesellschaf t also to sane degree may have an interest in protecting its

existing market position. Preussag also has an iaterest in increasing its

resource base, but, more importantly, the canpany has sought customers or

investors for its marine mineral technology development and exploration

talents: hence its several seabed sampler patents. Salzgitter, as a

steelmaker, may have been attracted to seabed mining to increase its access to

nickel and maagaaese supplies. Salzgitter's surface support and transport

patent reveals aa interest in bringing its shipbuilding capabilities to bear

oa seabed mining problems. Although Salzgitter is managed as a private

concern, it is owned by the goverameat of West Germany, which may have been

concerned with securing stable supplies of strategic metals such as cobalt.
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slurry that is piped fran the bottom-crawler. This storage capability, as

well as controlled variations in the speed of the miner vehicle, enable the

nodule slurry to be piped through the pipestriag to the surface vessel at a

constant rate. It is possible that Lockheed envisions the buffer as the most

innovative aad potentially marketable attribute of its recovery system.

Shell OQ. has obtaiaed at least two patents that may have seabed miniag

application.' one is an underwater locating device, and the other is a
54

submarine dredging apparatus. The latter may have greater application to

additional kinds of marine mineral deposits. It is unclear whether the OMCO

consortium might have access to technology patented by a firm such as Shell

Oil which is aa affiliate of Royal Dutch/Shell, the parent of OMCO menber,

Billi.ton. Shell also holds patents on copper, cobalt, and nickel extraction
55

p r oc es s es.

Baggermaatschappij Bos & Kalis, a former subsidiary of Royal Boskalis

Westminster, holds a 1974 patent on a lift system for seabed minerals that

employs a suction pump. As in the case of Shell Oil, this firm is related to

the consortium only through a parent firm, and therefore OMCO's access to this

technology is unclear. Because the patent was obtained in 1974  before OMCO's

f ormation!, the patent may have been sought to attract custcmers to Boskalis'
56

marine engineering business.

Other than Shell's patentsy no metallurgical processes have been patented

by the OMCO consortiun. The Colorado School of Miaes Research Institute

 CSMRI! has worked to develop a "high taaperature, high pressure sulfuric acid

leach" nodule metallurgical process' the purported technology of the OMCO
57

group. This process is derived fraa a similar process used on nickel

laterites at Moa Bay, Cuba and has been described on a flowchart by the U.S.
58

Bureau of Mines. Because the nodule process has not been patented, it is

possible that certain aspects of it are being kept secret.

E. ASSOCIATION FRANCAISE POUR L'ETUDE ET LA RECHERCHE DES NODULES  AFERNOD!

AFERNOD is a French syndicate that was formed ia 1974. AFERNOD is almost

entirely governmental, although two private caapanies hold minor shares.

IFREMER  formerly CNEXO!, the French natioaal agency for oceaa research aad

development, leads the coasortims with a 70X share. CEA, the French atomic

energy agency, is the next largest shareholder with 20X. Societe

Metallurgique le Nickel  SIN!, the major French nickel producer and joint



40

subsidiary of IMETAL and Elf Aquitaine, aad Chantiers du Nord et de la

Nediterranee  CNN!, a shipbuilder and subsidiary of the Schneider

canglcmerate, each hald approximately 5X shares. Receatly, IFRENER and CEA

have continued RSD work together as a "groupement d'interet public under the
name, GENONOD. AFERNOD's activities lately have been restricted to the

acquisitioa of exploration and mine site licenses. 59

Other French agencies and private coacerns have been involved in the

French seabed mining effort. Fran 1977 through 1980, the French equivalent of

a combined U.S. Geological Survey and U.S. Bureau af Nines, BRGN, participated

with a 1X share in AFERNOD. In the late 1970's, AFERNOD engaged the services

of a number of caapaaies, known informally as the "Corano CLub," to evaluate

the feasibility of developing hydraulic recovery systems. These canpanies

included: ALsthom-Atlantique, Ateliers et Chantiers de Bretagne  ACB!, Cie

Frangaises d'Enterprises Netalliques  CFEN!, Coflexip, Canex, and Fougerolle.

Ia addition to these canpanies, Societe Geaerale des Constructions Klectiques

et Necaniques  SGCEN!, a subsidiary of Alsthce-Atlantique, has patented CLB

aad tawed sledge recovery technology. AFERNOD eisa has worked with Tetra
60

Tech, a U.S. engiaeeriag firm; CNEXO, SLN, and Tetra Tech hold jointly one
61patent on a box core sampler.

The AFKRNOD menbers together have obtained a relatively small total nmnber

of seabed mining patents, although more than the ONCO group. CEA clearly

leads the group in patent activity as measured by concentration,' however,

seabed mining patent activity has been a very small percentage �.5X! of CEA's

total U.S. patenting emphasis.

The preponderance of AFERNOD's seabed miaing act,ivities has been directed

at prospecting aad exploration. IFRKNKR has conducted at least three seabed

mining related cruises aboard the RV Jean Charcot during which "Seabeam," a

multinarrow beam echosounder, "Rsie," a tawed fish for seabed photography, and

"Kpaulard," an autononous submersible for seabed photography and bathymetric
62

surveys, have been deployed.

One of AFERNOD's main MD strategies, especially in the case of recovery

systems, has been the development of expertise in more than one specific

technology. AFERNOD was a participant ia the aaw inactive CLB Syndicate. SIN

aad IFRZNER have developed and tested both one- and two-ship CLB systans.

SLN, CNEXO  IFRENER!, and SGCEN hold patents an the twa-ship CLB.63

AFERNOD's principal research efforts, however, have been directed at the



development of a remote-controlled, autonomous shuttlecraf t, the preleveur

libre autonarre  PLA!. CEA and GNN have designed and built a one-quarter scale

model of the PLA. The PLA can be deployed from a surface vessel  probably a

semisubmersible!, descend to the seabed, recover nodules, ascend to the

surface vessel, and discharge recovered nodules  see Figure 18!. Between 8

and 14 shuttles can be deployed simultaneously. Ore carriers can transport

nodules fran the semisubmersible to an onshore metallurgical process plant and

transport process~astes for shuttle ballast in the opposite direction. CEA
64

has patented the system.

In the past, AFERNOD has expended a relatively small amount of effort

towards the development of a towed sledge hydraulic recovery system. The work

of the Gorano Club in the late 1970's was directed at evaluating the

feasibility of such a system. SGCEN has patented a "dredging bucket on a main

frame with skids"  towed sledge!, which has been tested in mud pits, and a

water perp lif t system that operates from a platform suspended under a surface

vessel. CEA has tested airlift recovery systems in lakes and mine65

shaf ts. Recently, the activities of the French group have been redirected

away fran the PI A system and towards further evaluation of a hydraulic
66

recovery system. GENONOD appears to be Leading this effort.

F. DEEP OCEAN RESOURCES DEVELOPMENT COMPANY  DORD!

DORD is a Japanese corporation formed by 48 Japanese carrpanies with the

prior assistance of the Japanese government. The history of Japanese

involvement in seabed mining is complicated but appears to have proceeded in

two distinct directions. On one hand, the Japanese government has pushed the

development of a darrestic seabed mining industry,' on the other hand, certain

private canpanies in Japan have participated in the activities of

international seabed mining consortia. The Japanese government has received

over 160 patent applications, many fran inventors outside the country. Only

37 seabed mining patents have issued, and of these, 27 are held by Japanese
67

invent or s.

The first Japanese seabed mining activities were sponsored privately. ln

1968, the RV Hakuo Haru recovered two tons of nodules fran the Pacific seabed

with sampling devices. Frarr 1969 through 1972, Nasuda's GLB was tested in

one-twentieth, one-tenth, and one-half scales. The Japan Natural Resources

Association, a publicly-authorized corporation, helped to fund these tests in
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conjunction with Nippon SteeL, Sanwa, Fuso, Furukawa, and, the three giants:

Sumitano, Nitsubishi, and Nitsui. When the noncanmercial CLB Syndicate was
formed in 1972, several of these canpanies became members.68

Zn the mid-1970's, Japanese seabed mining acti~ities bifurcated. In

January of 1974, three canpanies fran the Nitsubishi group joined KCON, Three

months later, JANCO was formed and entered into a joint venture with Tenneco

to use Deepsea Ventures. In February of 1975, a Sumitano subsidiary  SODECO!

joined Inca and ANR to form ONI. Later that year, twenty-three companies

joined SODECO to form DONCO. Of the three giant trading canpanies that had

participated in earlier seabed mining R&D efforts, only Nitsui did not join an

international consortian. Nitsui hsd worked earlier with Inco and has becane

involved in the government's largemcale R&D project. Nitsui Shipbuilding has

patented a moonpool, and Nitsui O.S.K. Lines holds a 4X share of DONCO.69

As a result of the coalescence of international consortia and the pace of

seabed mining R&D efforts internationally, the Japanese government "targeted"

the danestic seabed mining industry. In addition to sponsoring R&D activity

and supplying low, fixed interest rate loans with conditional repayment

schedules, Japan established the Deep Ocean Mining Association  DOMA! on March

30, 1974 as a publicly authorized association with a capital budget of Y500

million  about 51.7 million in 1974!. The members of DOMA, include the

Japanese Ministry of International Trade and Industry  NITI! and 35 private

canpanies engaged in the businesses of: general trading, mining, shipbuilding,

steelmaking, shipping, electric appliances, and fishing. Ten DONA canpanies

are also members of international consortia. An official fran Sunitano Netal

Mining became DONA's first chairman. DONA was formed to engage in R&D but not

to exploit nodules on a canmercial level. DOMA provided a forun for

discussion on the formation of a canmercial mining entity, and in 1982 DORD
70was incorporated as a joint venture of the 35 DONA canpanies and 14 others.

Fran 1975 through 1979, DONA chartered the Hakurei Naru to conduct seabed

surveys south of Hawaii. By 1977, Japanese exploration technology had

advanced to the point where the government ordered the construction of the

Hakurei Naru II, a geological survey ship designed specifically to explore for

manganese nodules. This research vessel was equipped with highmpeed

underwater television developed by DONA to photograph the seabed, an autanatic

nodule densitaneter to translate the photographic data into nodule density

data, sonar, telemetry, an underwater illanination system, and a towing
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systen. The Hakurei Naru II was canpleted in 1980 by Shimonoseki Shipyards, a
71

subsidiary of Nitsubishi Heavy Industries.

Governmental concern for secure supplies of basic mineral caenodities has

fueled Japanese motivations to mine the seabed. Their strategy has been the

development of techaology as a foundation for a Japanese industry through

public-private efforts. As technological breakthroughs are made in other

couatries, the Japaaese examine these breakthroughs aad work to improve the

technology. In 1981, the Agency of Industrial Science and Technology  AIST!,

an affiliate of NITI, initiated a aia~ear, 585 million, largemcale project
72

to develop and refine a towed sledge, hydraulic recovery system. AIST

holds a U.S. pateat on a tawed sledge ia which water jets separate nodules
73from sediment and push the cleaned nodules into the lift conduit. Both

waterpunp and airlift systems have been investigated. A moonpool and s

gimballed derrick are envisioned for the surface vessel. The lif t pipe is

enclosed in a wing-shaped fairing through which a fiber optic electric power

cable and air supply piping may be run. This fairing performs a function
74similar to a "pipestring drag reduction fin" patented by Deepsea Ventures.

The Technology Research Associatioa f or the Nanganese Nodule Niaing

System, canposed of 20 private caapaafes including Smitano, Nitsui, aad

Nitsubishi, is responsible for RkD work on the system. The project is

scheduled to be completed at about the time when the bulk of seabed mining

patents worldwide begin to expire. Thus, earlier technological breakthr oughs

will have beea refiaed aad thea possibly brought into use when patent

protection no longer exists for the original technology.

G. SOVIET UNION

Several research institutions in the Soviet Union have developed aad

patented seabed mining technology. This techaology appears to have been

adapted fran that developed for miaing placers aad other deposits from shallow

lakes and seas. Although there is ao Soviet "consortian" per se, the

Yuzbmorgeologiya  Southern Production Association for Narine Geological

Operatioas! has applied for registration as a pioneer seabed mining investor
76

pursuant to provisions of the Law of the Ses Convention. No pateat

activity has been identified frcm this institution.

In the Soviet Union, patents, as they are understood ia the United States,

are unavailable. Instead "author's certificates" that give recognition aad
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some financial reward based upon use are gra~ted to the inventor of a

particular technology. Institutions in the Soviet Union successfully have

sought seabed mining patent rights in other countries: the United States and

West Germany, for example.

In the mid-1960's to early-1970's, the Soviet Academy of Sciences

prospected, explored, and developed technoLogy for ocean mineral recovery.

Lately, this activity has been continued by the Ninistry of Geology  an agency

similar in role to the U.S. Geological Survey!. Author's certificates have

issued to the Noscow Nining Institute, the Leningrad Nining Institute, the

National Nonferrous Research Institute at Ust-Kamenogorsk, the National

Scientific Research and Planning Institute of the Gold Nining Industry  Gold

Nining Institute!, and several individuals for scraper dredges; excavator

buckets,' grab samplers,' a cam-operated. "walking" seabed miner with a guide
77

beam,' a seabed mining transport and test stand; among other things. The

Institute of Oceanology has successfully deployed a remote-controLled sampling
78

robot to collect nodule samples. An interesting design has been patented

in West Germany, the United Kingdan, and Canada by the Gold Nining Institute.

The patent describes a hybrid tawed sledge-CLB system  see Figure 19!. A

tawed sledge dislodges nodules from the seabed and then discharges them into a

suction conveyor. The conveyor is continuous, and each individual section

alternatively holds either air  for flotation! or nodules. The air sections
79

are filled with water for the return to the seabed.

Because their technology has been adapted from shallow water marine

mining, it is uncertain whether the Soviet's patented seabed mining technology

can be used successfully at great depths. Indeed, rumored increases in seabed

minerals activities may reflect a concern within the Soviet Union for

catching up with the technology leaders fram the United States, West Germany,
80

France, and other countries. This strategy is similar to that of the

Japanese in their large-scale RSD project.

H. POTENTIAL ENTRANTS

Because of the diversity of potential entrants, it is difficult to

generalize on their motivations and strategies. Host potential entrant firms

have patented either recovery or metallurgical processing technology, but not

both, and therefore they are unlikely to enter the industry alone as fully

integrated seabed miners. Bethlehea Steal and Hobil Oil, two large
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Figure 19: GOLD MINING INSTITUTE'S HYBRID TOWED SLEDGE � CLB RECOVERY
SYSTEM
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corporations that have patented both recovery and processing technology, are

exceptions to this rule and might be considered as prime candidates for entry

into the industry � if not alone, then as partners in one of the existing or

some f uture joint venture. Bethlehem Steel can be seen as having motivations

similar to those of U.S. Steel; Mobil Oil can be seen as having motivations

similar to those of Sun, or perhaps BP or Standard Oil  Indiana!, although

Nobf1 has no majoz metal producing subsidiary. If indeed Shell Oil has no

licensing agreements oz' other connection with the ONCO group through Royal

Dutch/Shell, then it too would be considered as a likely potential entrant,

although its affiliations may condition its options f or participation in the

indus try.

P irms such as Westinghouse Electric and General Dynamics hold several

patents in the recovery area and are large enough to be attractive joint

venture partners. Nevertheless, they may have a greater interest in selling

theiz engineering skills. Othezs, such as Ethyl Corporation, Dow Chemical, or

UOP, Inc., which hold patents in the metaLlurgical processing area, may be

looking to offer for license the rights to manufacture, use, or sell their

patented technology. Certainly these firms also are potential R&D vendors or

even joint venture partners. Ethyl did participate in sane of the CLB

Syndicate's efforts. A firm such as Global Narine additionally may have been

interested in the technological spin-off s available fran R&D in seabed mining

that could be applied to its other marine operations and engineering

activities.

I. ENGINEERS: CONTINUOUS LINK BUCKET  CLB! SYNDICATE

One might conjecture that the majority of engineers have patented their

technology either to offer certain rights for license or to advertise their

expertise in particular technological areas. Perhaps the most salient example

of this kind of strategy is the CLB Syndicate. In this case, engineers had an

important effect on the emerging structure of the industry. The Syndicate was

organized in the late 1960's through the efforts of John Nero and Yoshio

Nasuda, two of seabed mining's earliest engineers and prcmoters. As an joint

venture established solely for the purpose of R&D and prospecting, the

Syndicate gave the 25 participating firms and government agencies a taste of

the technological complexity of seabed mining. Sane of the participants

probably increased their interest in seabed mining at least in part as a
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result of participatioa in the Syndicate: the AHR group, Inco, Noranda, U.S.

Steel, CNEXO, SLN, Sunitomo, and Nitsubishi. Others, such as Ethyl
Corporation, continued at a very low level of activity. Still others lost

interest altogether. Although there are iadications that the iadustry has
converged on a hydraulic recovery system concept, there are acme who feel that

the CLS, in its simplicity, may be the most effective seabed mining technology
81af ter all. Nasuda has begun to proiote the concept for use oa other kinds

82of marine minerals such as crustal deposits.

IV. Q!NCI U SIONS

In a minerals industry that has focused primarily on RkD, observations of

patent activity are one way to uncover and examine the behavior of

participatiag firms and government agencies. Patent activity can reveal the

identity of those entities that have proceeded far enough along in R&D to have

iaveated sanething nove1 and useful that warrants protection. As one might

expect, those firms or government agencies that have ventured together as

seabed mining consortia hold the greatest concentration of seabed mining

patents or seabed mining patent claims.

Within each consortium, one firm usually holds the great bulk of patents

and claims. 'Ibis is the primary patenting firm  PPF!. An examination of the

relative patentiag emphasis spent on seabed mining ia caaparisoa with other

research areas shows that most of the industry's PPFs have aot aaphaeized

seabed mining RhD. Deepsea Ventures  NI! is the oaly outstanding exception.

1ÃI is the acknowledged leader among PPFs ia nunber of patents and claims and

ia relative emphasis on seabed mining. IXI has now offered its patent rights

for sale to the ONA partners, deccmmissioned its prospective mining vessel,

and scaled down its operations considerably. This is an important indicator

that, at least for aow, industrial activity in seabed mining has subsided.

The spread of patent activity across generic categories of technology is

an indicator of the scope of the efforts of firms aad government agencies ia

solviag the problans of producing metals free seabed ores. In terms of patent

activity, the consortia hold more patents in the different geaeric categories

than do the potential entrants or engineers. This observatioa suggests that

the consortia had aimed at achieving vertically integrated operations. OMA
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and OHI appear more vertically positioned than KCON, which has focused on

metallurgical processing, or OHCO, AFKRNOD, aad DORD, which have focused on

recovery. Hidden within the patent data is a more recent tendency f or the

consortia to coaverge on the hydraulic type of recovery system. This

observation could indicate that specific technological categories are broad

eaough to permit the pateatiag of substitute inventions and that, even before

the industry has become camnercial, one kind of technology has been perceived

as more effective than others. Characteristically, the Japanese 3RD effort is

aimed at refining the technology upon which the industry has converged.

Pateat activity can eahaace an understanding of the motivatioas and

strategies of seabed mining f irma. The motivatioas to undertake seabed mining

R&D and pateat activity include the development of new soux'ces of minerals to

supplement dwindling onshox'e sources, the protection of market position; the

sale of ideas, experieace, or techaology; and the entry into a potentially

successful industry. Seabed mining firms or government agencies may have used

patents or trade secrets as strategic tools to help satisfy these

motivations. The technological groundwox'k that preceded patent activity may

have helped scme firms attract joint venture partners. Patents may have been

used to protect technology fry other firms outside of a particular

coasortian. Patents also may have been sought to fence-in an invention, to

substitute for a proven technology, or to package technology in order to

facilitate the licensing or sale of certain rights. Once pateat protection

was sought successfully, seabed mining firma had a seventeen year lag period

to await a more favorable business environment.

Patent activity for all firms and government agencies ccmmenced in the

late 1960's, peaked in the mid-1970's, and has fallen today to a reduced

rate. This pattex'n is a rough x'epresentation of R&D activity in seabed mining

and may indicate the possibility of a seabed mining industry cycle. If seabed

mining is a cyclical activity, the next cyclical upswing could take place in

the early 1990's. This upswing coincides with the beginning of the expiration

dates for the bulk of the seabed mining patents. Activities by scme

eaterprises, especially the Japanese government-sponsored R&D ef f ort, appear

to culminate at the same time. Fran an iaternational perspective based upon

patenting activity, oae might very well expect to see a renewed industrial

interest in seabed mining before the turn of the century.

The degree to which patent protection remains an important component of
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firm strategy in seabed mining is unclear. If and when another surge of

seabed mining activity occurs, the technological inf ormation contained in the

early patents undoubtedly will facilitate progress toward innovation and

thereby speed the rate of eventual canmerckalization.



APPENDIX

THE GENERIC NATURE OF SEABED MINING TECHNOLOGY

In the recovery and metallurgical processing of seabed ores, certain

technological problems can be identified. There may exist more than one

apparently effective specific solution to each technological problan. In an

embryonic industry, such as seabed mining, econanic efficiency as determined

through canpetitive operation has not yet selected the most effective specific

solution. As a result, there exist generic categories of solutions to the

technological problans of seabed mining. These generic categories can be aa

invaluable aid in understanding the strategies and motivations of firms aad

agencies within the industry.

A. NODULE REC HERY

The techaology that has been developed and patented for the recovery of

nodules fits into four generic categories:  a! collection of the nodules from

the seabed;  b! lifting the nodules fran the seabed to the surface;  c!

support for the lif t aad collector systems, usually a surface vessel; and  d!

transport of the nodules to shore  Figure Al!.

Nodule collectors can be classified into six basic designs. Buckets,

towed sledges, a combination bucket and tawed sledge design, and robot

bottom-crawler vehicles are four types that are all directly connected to a

surface support system. The fifth design is a remote-controlled, autonanous

shuttle. Samplers, such as box corers and free-fall grabs also fit into the

collector category.

f or the continuous line bucket  CLB! systan; hydraulic lift through a steel

pipestring, by which nodules and seawater caa be either mechanically pumped or

lif ted by airmodul~eawater density changes as a result of the injection of

air; and unconnected, free diving and surfacing, remote-controlled shuttles.

Additional attributes of a lift system also fit into this category for the

purpose of differentiating techaological capability among patent holders.

These attributes include a moonpool, or center well through which collection

and lift equipment is deployed from a surface vessel, a gimballed derrick that

canpeasates f or wave-induced ship motion, and an autanatic pipehandler that
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performs the mechanical chore of running atn extranely long pipestring.

The surface su ort system can have severaL unique characteristics.

Surface support is normally provided by a large ship, often a converted ore

carrier or offshore oil and gas drillship. The support vessel can be equipped

with collection and lift equipment such as a moonpool, a gimballed derrick,

and autanatic pipehandler, cargo bays, and extensive satellite and seafloor

navigational equipment. The CLB system employes machinery to cycle bucket

lines between one or two ships and the seabed. A semisubmersible platform may

be used as surface support for a nuaber of remote-controlled, autonomous

shuttles.

Ore carriers can ~trans ort collected and lff ted nodules to an onshore

processing plant. Nodules can be pumped as a slurry in seawater, then

dewatered and stored in cargo bays on the carrier. This aspect af seabed

mining has not received as much attention as the sesmingly more technical

collection and lift designs. Until now, there has been no need for

transportation of major quantities of nodules and so, during exploration

activities, onboard support vessel storage has been the most canmon form of

transportation. There do exist, however, some unique support vesseL/ore

carrier interface patents such as the moving "ship and pier" nodule transfer
83

systen designed in West Germany.

B. METALLURGICAL PROCES SING

The chemical canposi tions of polymetallic nodules fran different seabed

areas are not usually identical. In general though, polymetallic nodules are

conposed of 25X manganese, LOX iron, 3X aluninua, 1.3X nickel, 1.25X copper,

Oe25X cobalt, 0.05X molybdenite, and small amounts of nmaerous other elements.

Clay minerals, calciun carbonate, silica, and water constitute valueless ore

material, or gangue. Netals found in polymetallic nodules are not in the form

of distinct minerals, as would often be the case for land-based ores, but

instead are dispersed throughout a matrix of fine-grained manganese oxide and,

to a lesser extent, iron oxide minerals.
84

For several reasons, the determination of an efficient metallurgicaL

process for polymetallic nodules presents a difficult problem. First,

recoverable metal values are found embedded in a manganese oxide matrix and do

not occur in separate minerals. Second, polymetalLic nodules are oxide ores

that do not lend thanselves to separation by physical means as easily as the
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more canmon sulfide ores. Finally, between three and five metal values have

been considered as recovery candidates while most land-based processes are

geared to haadle only oae or two metal values.
85

Ihere are at least five ccmprehensive technologies recognized as

ccaamercially feasible for reducing polymetallic nodules. These technologies

include Kennecott's "cuprion" ammoniacal leach, Inco's smelting and sulfuric

acid leach, Deepsea Ventures' reduction and hydrochloric acid leach, a high

temperature and high pressure sulfuric acid leach said to be preferred by the

ONCO consortium, and a gas reduction and ammoaiacal leach. In addition, other

technologies such as a sulfur dioxide leach; Ethyl Corporation's ammonia

carbonyl process; a nitric acid leach; an oxalic acid leach;

ammonium~arbonate, mhloride, or mulfide leaches; aad various carbohydrate
86reduction processes have beea examined.

Most nodule metallurgical processes have been designed to recover at least

copper, nickel, and cobalt. Scme processes are capable of recovering

manganese, usually in the f orm of ferromanganese or silicauaagaaese, or other

metals such as molybdenum, zinc, vanadima, or yttriun. Detailed descriptions

and flowsheets for metallurgical processes are beyond the scope of this paper
87and have been published elsewhere. Nevertheless, as depicted in Figure

Al, four broadly defined steps, or generic categories of technology, can be

outl ined.

The first step, reduction, involves the separation of metal values from

the gangue. Some processes start with a "camainution", or the physical

grinding of nodules, followed by drying to reaove seawater. Cmuainution

results in ore particles of a small siz'e that facilitate chemical reactioa. A

Keanecott patent covers a step in which nodules are pelletized, or rolled into

pellets, for more efficient metal extraction af ter canminution. 88

Reduction can be accomplished either by smelting or by leaching with acids

or ammonia. The objective of both smeltiag and leaching is to break-down, or

reduce, the manganese oxide matrix aad thereby release metal values.

Smelting, also known as pyrometallurgy, involves heating the ore to a high

temperature, and then removing the manganese aad other gangue as a slag, or

waste product. A matte, or high-grade alloy of copper, nickel, cobalt, and

iron, that remains is dissolved in sulfuric acid prior to successive recovery

steps. The acid leach technology involves the dissolution of manganese aad

the desirable metals. A sulfuric acid leach works most efficiently under



conditions of high temperature and pressure. A hydrochloric acid leach

requires first reducing manganese oxide with hydrogen chloride gas,

precipitating iron out with the additon of water, and then releaching with

aqueous hydrogen chloride. The smmoniacal leach technology dissolves only the

desirable metals, and not the manganese. This technology must, however, be

preceded by manganese oxide reduction achieved through exposure at high

temperatures to a reducing gas like carbon monoxide or through exposure to the

cuprous ion  an ionic state of dissolved copper! in the presence of carbon

m onox id e.

The second step, known as extraction, can be accaapl5shed through a fluid,

or liquid, ion exchange  FIX!. The FIX technology employs an organic caapound

as a reagent with the capability of canplexing with the desired metals. In

this way a FIX reagent extracts metals such as copper and nickel  or even

cobalt, manganese, and other metals! fran the "loaded" acid or ammonia

solution which results fran the previous reduction step. The metals can later

be selectively "stripped" from the FIX reagent by acids of varying pH values.

Although there are many potential organic caapounds that could be used as PIX

reagents in the extraction of metals fran polymetallic nodules, the General

Nills Chemical Caapany holds a patent on one such reagent, called LIX-64N,

which has proven effective and has been employed by Kennecott in same of its
89

pr oc es s es.

The electrowinnin of pure copper or nickel from an electrolyte is a third

step. An electrolyte is a solution that conducts an electric current, and in

this case, electrolytes are the acid solutions that contain the copper and

nickel values stripped from the PIX reagent. The electric current is carried

by metal ions through the electrolyte, and these metals are attracted, or

electrowon, to a negatively charged cathode. It may also be possible to

electrowin manganese and cobalt, although these metals also can be eff ectively

recovered by other means.

A fourth step involves the recover of additional metals by other means.

Cobalt can be precipitated out of the ref finate, the leach solution that

remains after the PIX extraction of nickel and copper, by adding hydrogen

sulfide. Molybdenite can also be precipitated out of ammonia leach raffinate

by adding lime. In Deepsea Ventures' reduction and hydrochloric acid process,

cobalt is extracted by the PIX reagent along with copper and nickel, stripped

by acid solution, and then precipitated by hydrogen sulfide. There are



various processes for recovering manganese, of ten in the canpound form of

f err aasnganese or silicananganeae. Other metals, such as zinc, vanadium, or

yttrium, can be recovered through additional process steps if econaaically

justif ied.
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behavior in an industry, such as the invention of substitute technologies,

also may act to continue inventive activity.  See generally: Nichael E.

Porter, Com etitive Strat, New York: The Free Press, 1980, pp. 156-174.!
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5. Hiroe Takahara et al., "Research and Development Project of Nangaaese

Nodule Mining System in Japan," Proc. of 1984 Offshore Techaolo Conference

 Houston!; Technology Research Association of Manganese Mining Systan, "Now,

Develop Resources of Deep Seafloor," Brochure  Tokyo, 1983!; Japan, Niaistry

of International Trade aad Iadustry, Agency of Industrial Science and

Technology, "National Research and Development Program  Large-Scale Project: !,"
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59
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Processin Patents series �964-1980!, for the National Oceanic and
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Exploration Area "Gamma", Book I, 18 February 1982; Ocean Management, Inc.,

"Application for and Notice of Claim to Exclusive Exploration Rights for

Manganese Nodule Deposits in the Northeast Equatorial Pacific Ocean,"

Application I, Volte l. Application Area and gvalif icatioas of Applicant, 19
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Exploratioa Commenced before June 28, 1980 and In Accordance with NOAA's Rules
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 Washington.' National Oceanic and Atmospheric Administration!.
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Ll. International Patent Data, accessed through Pergamon Inf oline

 Vienna, Aus tria.' International Patent Documentation Center j'INPADOC ] ! . This

database was searched using the same search logic employed in searching the

CLAINS database, n. 9.
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International Business and Global Technolo  Lexington, Nasa..' D.C. Heath and

Caapany, 1983!, pp. LOT.
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it may appear that a greater amount of patent activity has occurred in the

United States. Although it is thought that more patent activity has occurred

in the United States, the conclusions of this study do not rely upon such a

f inding. The review of Japanese patents was conducted through camnunications

with several knowledgeable sources on patent activity in Japan.

14. In a technological sense, institutions in the Soviet Union are best

described as potential entrants. The Soviets have undertaken some RhD and

prospecting activities,' however, the extent of deepsea technological

capability has been questioned. Ruth N. Linebaugh, "Ocean Niniag in the

Soviet Union," Narine Technolo Societ Journal 14 �982!: 21. The Soviet
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S. Warioba to Preparatory Commission for the International Sea-Bed Authority,

Letter referring to letter of application for registration as a pioneer

investor under the provisions of the Law of the Sea Convention fran the S oviet

Union to PrepCaa, LOS/PCN/31 �4 October 1983!. But the Lead institution, the

Southern Production Association for Narine Geological Operations, holds no

seabed mining patents that have been identified in this study.

l5. For example, UOP, Inc., an affiliate of the Signal Companies and

formerly known as Universal Oil Products, licenses patent rights through

"process license agreements." These agreaaents allow clients access to all

relevant technological know-how, patents, patent applications, and other

transferable rights as well as supervisory, engineering, guarantee, and other
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Moody's Investors Service!. UOP is involved primarily in petrochemical

technologies. UOP holds four seabed mining metallurgical processing patents,

but this represents only 0.2X of its total patent activity fran 1969 through

1980.

16. Nichel Gauthier, Centre Oceanologique de Bretagne, Centre National

pour 1'Exploitation des Oceans, personal canmunication with Katherine F.

Wellman, Marine Policy Center, Woods Hole Oceanographic Institution, 16 March

1982.

17. Although anyone, even a foreign national, may obtain a patent fran

the U.S. government, patent protection only exists within the jurisdiction of

the United States. Several firms or government agencies hold patents

several different countries on the same invention; this is done for the

purpose of expanding patent protection, although the kind of protection

available may differ depending upon the jurisdiction. See generally: United

Nations, The Role of <he Patent S stag in the Transfer of Technolo to

Develo in Countries  New York: 1975!. To the extent that inventive activity,

or even R&D, is measured by patent activity, the inclusion of all patents
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ac tivity.

18. Netallgesellschaf t A.G., "Manganese Nodules--Netals fran the Sea,"

Review of the Activities, Edition 18  Frankfurt am Main, West Germany: 1975!:

2 7-35.

19. It is assumed that the patent searches conducted for this study were
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No search, however, can claim to be fully caaprehensive. A further difficulty

is encountered in measuring R&D by patent activity, since clearly R&D could be

conducted without patenting. Patents are a better measure of the rate of

invention and, when used with care, may indicate R&D trends. J. Balderston et

al., Nodern Mana ement Techni ues in Kn ineerin and R&D  New York: Van

Nostrand Reinhold Ccmpany, 1984!: 201. The relationship of R&D to patent

activity may also vary with other factors, especially the size of the firm,
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research expeaditures, aad the number of employees. John Bound et al., "Who

Does RkD aad Who Patents?," Zvi Griliches, ed., R6D, Patents, aad Productivit

 Chicago: The University of Chicago Prese, 1984!: 21-S4.

20. A patent application coasists of two parts: the specification and

the claims. The specification is a written description of the invention. It

concludes "with one or more claims particularly pointing out and distinctly

claimiag the subject matter which the applicant regards as his inventioa."

Novelty, patentability, aad questions of infringement are judged on the basis

of the claims. U. S., Department of Ccaunerce, Patent aad Tradenark Of f ice,

General Inf ormatioa Coacerain Patents  Washington: U.S. Govt. Ptg. Ofc.,

1982!. One possible drawback to canpariag total number of claims is that they

are allowed to be "dependent"; in other words, one claim can refer back to and

restrict an earIier claim. Thus it is possible that there is sane overlap

among claims and a canparison of the total number may overestimate the actual

number of technologicaL concepts. Ernest Purser, Patent Examiner, Patent aad

Trademark Office, personal communication, 24 February 1984.

21. Both Lockheed and Union Hiniere may have been interested in

packaging their inventions to make them more marketable. See discussioa ia

section III.

22. Sane previous patent eearchee were coaducted using certain PPFs as

search keys. For example, the Office of Technology Assessment and Forecast

search, a. 10, located seabed mining pateate only for Deepsea Ventures,

Kennecott, Lockheed, and Inco.

23. Takahara, a. 5.

24. U.S., Departmeat of Commerce, National Technical Information

Service, Industrial Patent Activit ia the United States, Part 2, HTIS Patent

Information Series  Washington: April 1981!. This docuneat is a listing of

entities that received at least three U.S. patents during the period 1969 to

1980,

25. Balderston et al., n. 19, 201.
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26. Br oadus and Hoagland, a. 1, 541.

27. Broadus, n. 3. Also see.' Tiltoa, a. 4, 64-79 for a descriptioa of

"cyclical volatility" ia mining industries.

28. James Leppiak, Supervisory Patent Examiner, U.S. Patent aad

Trademark Office, personal canmuaication, March 1983.

29. Slade, n. 4, notes that price cycles in nonferrous metal commodities

are too long to be related to aggregate econaaic activity. She estimates a

period of ten years for the cycle of one one of the nodule metals, copper.

30. See, e.g., the exploration license applications of the coasortia,

n. 10.

31. The creatioa of generic and more specific categories of technology

is not novel aad is merely a means of simplifying a canplex problan for ease

of canprehension and description. The Patent and Trademark Office has its own

method of classificatioa of inventions iato the very broad categories of

mechanical, chemical, or electrical patents. These categories are broken dawn

into various classes, which are then further broken down into subclasses.

U.S., Department of Camnerce, Patent and Trademark Office, Manual of

Classification  Washington: 1983!. Kruteia has demoastrated another method of

categorizing patents into "general categories" of exploration, mining,

lifting, processiag, aad other. Kruteia, a. 10, p. 28.

32. Vertical integration "ia the static sease... describes the extent

to which firms ia fact cover the entire spectrun of production and

distribution stages." Notivations for vertical integration include the

reduction of costs and the increase of control over a firm's econaaic

environment. Scherer, a. 8. Completely vertically iategrated mining

canpaaies are involved in the f ollawiag functions: "exploration aad

development, mining, milling aad concentrating, smelting, refining,

manufacturing and sales." Fredrick C. Kruger, "Environment, Structure, aad

Organization of the Mineral industry," William A. Vogely, ed., Ecoaanics of

the Mineral Industries, 3rd editioa  New York: @aerican Institute of Niaiag,
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differentiate between recovery patents than between metallurgical process
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each category. Finally, because patent abstracts fram the "Official Gazette"
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34. See generally: Philip B. Grote and Jerome g. Burns, "System Design
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