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PREFACE

During the Caracas session of the Conference, the Third Committee requested
the Secretary-General to provide adéitional information describing the various
types of marine technology and the possibilities for their transfer. OSpecial
reference was made to paragraph 60 of the report, "Problems of acquisition and
transfer of marine technology" 1/ which scressed the need.fir information regarding,
for example, offshore oil and gas technology, deep sea mining, offshore structures,
the extraction of dissolved chemicals from sea-water, undersea hebitats and sand
and gravel dredging. 2/

The present report consists of a brief description of the above technologies,
reviewing the process of marine technology transfer and indicating possible
methods for its promotion. Delegations should note that a summary of existing
arrangements in the United Nations system for making available to interested
countries, particularly the developing countries, information on advances in
technology and the transfer of such technology to them, will be annexed to a
forthcoming report on uses of the sea to be submitted to the Economic and Social
Council at its fifty-ninth session.

1/ A/CONF.62/C.3/L.3.

2/ Information on these topics can be found in the following United Nations
documents: '"Mineral resources of the sea" (E/49T73); "Economic significance, in
terms of sea-bed mineral resources, of the various limits proposed for national -
Jurisdiction" (A/AC.138/87); "Uses of the sea" (E/5120 and Corr.l).

/...
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I. SOME NOTES ON THE PROCESS OF MARINE TECHNOLOGY TRANSFER

1. The transfer of-technology has become an important concern of .the world
community, as reflected in the section on transfer of technology in resolution:
3202 (8-VI) of the Sixth Special Session of the General Assembly which states
that:

MAY1 efforts should be made:

(g) To fdrmulaté an ihternationel code of conduct . for the transfer of

technology corresponding to needs and conditions prevalent in developing
countries; : S : L ’

(b)) To give access on improved terms to modern technology .and to
adept that technology, as appropriate, to specific economic, socigl and
ecological conditions and verying stages of development in developing
countries; BT ' SRS N ‘ - -

() :To expand significantly the sssistance’ from developed: to developing
countries in research and development programmes and in the creation of -
suitable indigenous technology;

(d) To adapt commercial practices governing transfer of technology
4o the requirements of the developing countries and to prevent abuse of
the rights of sellers; : -

g “(g) To promote:international co~operation in research and development
in exploration and exploitation, conservation and the legitimate utilization
of ngtural resources and all sources of energy.

In taking the above measures, the special needs of the least developed and
_.Jand-locked countrieg should be borne in mind." -

2. Marine technology is a product of man's attempts to contiol or adapt to

the ocean environment by means of rationally organized systems of operation. To
be sure, these systems encompass a wide range of activities - fishing, scientific
research, transportation, communication and navigation, hydrocarbon and hard
mineral exploitaticn Lo name Just a few - of greater or lesscr degrees of
sophistication and investment. : : ‘

3, . The word "technology", normally used as convenient shorthand, conceals at
least five important ingredients: (a) hardware, (b) operating procedures,

(¢) maintenance procedures, (d) operating and maintenance skills, and (e) management
capacity. In some cases the hardware may be the least important ingredient while
skills and menagement capacity may be ‘+he most important.

L, In this regard it has been argued that the "most effective transfer seems to

occur through direct contact and actual working together of individuals."
Effective technology transfer usually requires adaptation of equipment or processes

S
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to local conditions, and this can best be done by arranging for experts and local
people to work together in the actual location where the new technology is to be
applied. 3/ ' ' B :
5. The technology transfer process is conceived as a series of links in a very’
complex network of dynamic interrelationships. One of the necessary conditions
of success in tr-nsfer programmes is that they reflect the structure of the total
system of interrelationships instead of reflecting only certain portions of it in
a haphazard fashion.. Transfer programmes must therefore be approached by way of
a carefully secquenced develépment of interrelated capabilities and supportive
services. 4/ B

6. Large-scale technology transfer programmes are essentially long-term,
difficult and costly because they imply the eventual creation of viable science
and engineering uwnits. They imply also the effective organization of training
programmes related to specific technologies, the existence of secondary, technical
and university educetion, an awareness of & country's links with the world
technology market and judgements about the renge of choice open to it on
perticular items.

7. In situstions where the levels of expertise and information are low, the
suppliers of marine technology are able to dictate terms and restrictive conditions
which maximize profits earned on equity as well as on the sale of machinery,
equipment, spare parts, and technical services. It is difficult for the recipient
to know how much should be paid for the information unless he already knows what

it is. In any event, information on new production technologies is not
systematically available in developing countries. 5/ ‘

-§/ J. Liston and L. Smith, Fishing and the Fishing Industry -- An Account
with Comments on Overseas Technology Transfer, prepared for the M.I.T. Sea Grant
Study on International Marine Technology Transfer, June 1974, p. 81.

4/ Chandler Morse, Proposal for a Crant to Design a Long-term Program for the
Transfer of Marine Technical Capabilities to the Less Industrialised Countries,
Ocean Policy Committee, National Academy of Sciences, September 1974, Mimeo. See
also Liston and .mith, op. cit., p. 60. '"Transfer is succcssful only if it
does two things. One is to create a structure, an indigenous orgenic system of
interdependent decision-making units and operating components. At one level
this system must comprise a set of vertically related institutions extending
from pure science through applied research to production; at another level the
system requires an infrastructure of support services covering education,
training, career opporcunities, financing, marketing and especially the localized
production of instrumeénts, machines and equipment. The second thing transfer must
do is to initiate a dynamic process whereby the foregoing system components
expand, proliferate and change in response to emergent needs and becoue increasingly
independent of external influences, expertise and aid."

5/ Surendra Patel, "Technological Dependence of Developing Countries: A
Survey of Tssues and Lines of Action", in John Gamble and Giulio Pontecorvo, eds.
Law of the Sea: The Emerging Regime of the Oceans, Cambridge, Massachusetts,

(foot-note continued on following page) [eos
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8. Sophisticated marine activities requiring considerable investment in capital,
equipment -and machinery nay be undertaken through direct foreign investment,
outright purchase of foreign hardware, through joint ventures or licensing
contracts.  In .any .case, cducation and training programmss would have to be
esteblished. ., . . o ;

9. Technology is generally bought and sold in the world market in the form of
informatiqn,(e.g._designs), capital goods (e.g., equipment and mechinery), or
skilled manpower, and such components are generally subject to proprietary rights
and are sold under restrictive conditions. The more modern and sophisticated the
technology —~ as is the case with much marine technology - the more Iikely it is
that the devices =nd processes are patented hy individusis or corporations which
are often multinational in scope. There is a . high chance therefore that certain
technological components will have to be obtained by means of foreign investment
- or co-operative. ventures. On the other hand, if the recipient has partial
familiarity with the specific technology required and has the technical and
industrial capability to apply it, the development can o¥ten be promoted by using
scue hired expertise or purchasing or leasing some equipment from abroad.

- 10. HMeny projects are carried out through various forms of co-operative ventures

in which the technology supplier and the recipient participate in verying degrees

in the provision of skills, machinery, capitel and in management control. Often,

" some of the elements are acquired as a package and others individually from the
sources of supply. Thus, in a project for coastal area development involving
construction of offshore terminals, a consultant agent from country "A" may be
contracted Lo supply as a package the critical informatien on bottom topography ,
conditions of wind, waves, tides and subsurface currents of the coast, whereas

an engineering firm from country "B may be engaged to diesign and construet the
terminals using mostly local manpower and materials. At the same time, the project
nmay use United Nations technical assistance for the traiming of management personnel.
In any civil engineering contract such as the cxample abaive, and in many other
situations, it would be comnon practice for the country concerned to appoint a

third party (e.g. an overseas consultant) to act on its kechalf in nmanaging and
overseeing the contract. This again provides some meast of protection to &
country not able to make its own “echnological assessment.s.

11. Both the direct and the indirect costs of 1arge»aééi»3 transfer and transfer

- 5/ {continued)
Ballinger Publishing Co., 1973, pp. 58-59., See also the list provided by
Charles Weiss, "Technology Transfer .snd the Oceans”, Ibisz,, pp. 82-83; and
Rutherford M. Poats, Technology for Develoving Nations, ‘Washington, D.C., The
Brookings Institution, 1972, pp. 62-65. ' P

Approved For Release 2002/08/21 : CIA-RDP82S00697R000400050005-6



-

A/CONF.62/C.3/L.22 Approved For Release 2002/08/21 : CIA-RDP82500697R000400050005-6
English
Page 6

programmes 8re high and this should be recognized even before planning has begun.
The direct costs of transfer include payments for the right to use patents,
licenses, process know-how and trademarks, and technical services at all levels
from the pre-investment phase to full operation. 6/ There is a premium on finding
labour-intensive technologies for application in developing countries and this =~
should be taken into account as one of the real social costs to be incurred by

the recipient. 7/ However, the terms of the contract made in the open market do
not allow the recipient country much lat.tude in meeting tris need. Usually,
licensing agreements "... specify product charscteristics that only the foreign
investor's capital-intensive equipment can achieve" and alterations of trademarked
goods ere often forbidden. 8/ ' :

12. The indirect costs of transfer are also quite significant. Though these are
difficult to estimate, they would have to include payments through: (a) overpricing
of imports of intermediate products and equipment; (b) profits on capitalization

of know-how; {(c¢) & portion of the repatriated profits of wholly-owned subsidiaries
or joint ventures; and (@) the price mark-up of technology included in the cost

of imported capital goods and equipwent. 9/

13, Compilation znd dissemination of information is a primary function for the
transfer of appropriate technology. Bul an information flow is not created
automatically; rather, it has to be promoted through the efforts of national and/or
international agencies. - o

1k, In meny countries, information has already been compiled and is available in
national and international data centres. Access to this stock of compiled data,

which is available at low cost, would obviate the need for expensive information

inventories carried out by the recipient or the donor.

15. FRducational progremmes instituted in recipient universities or incorporated
into the sctusl marine activity involved may assist the recipient country to develop
the institutional and social flexiblity and adeptability that would facilitate

the generation of "local" technology over a, historically speaking, compressed

time period.

(1) Gener:l approach to programme design

16. It should always be emphasized that transTerring technology means transferring
not only herdware, but also cperating end maintensnce procedures, operating and
maintenance skills, and management capacity. Otherwise the transfer will merely
be a temporary graft and will not survive the programme.

6/ Patel, "Tachnological Dependence of Developing Countries ...", op. eit.,
p. 63. :

1/ Poats, op. cit., . 8.
8/ Ibid., p. 59.
9/ Patel, op. cit., p. 6.
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17. The questicn of designing e transfer programme must therefore be approached
sysfemﬂt1cally with careful consideration given to local “economic and socio~
cultural conditions. This mey require the financing of interdisciplinary teams

of people with- 51gn1flcant input by naLlonalq of the recipient country at every
stage of the process. “Reaources must be adeguate, and the entire chain of tasks
comprisging the transfer. process must be approached in carefully sequenced strategies
fof appllcatlon. : : s

.../A/ totul programume - ahoula be de51gned to: proceod in Vhort, achaevabJe
stages to an ultimate poal. Fach stage should represent a clearcut gain’
and step forward. Long-term programmes which show benefits only after a

lspse of several years are too easily dropped, changed, destroyed, or e

~eddetvacked by economic. or pelitical change in either the recipient orvr
donor countries., Large programmes should be built on a series of small

. projJects protecting from total failure by ‘théir number and limited obJectives

© and provualng a number of alternaltive pathways to the thlmate goal, however
that is defined. This is not intended to be an ¢ncomium in praise of short-
term projects per se., Effective technology transfer requires a long-term
commitment and sustained effort on the part of both donor end recipient.
The suggestion is that this can better be done through integration of a
series of small-scale projects than by attempting to develop enormous
multinational efforts." 10/

(2) Regional approach

18. Much mention has been made of regional co-operation for technology

transfer in the Law of the Sea Conference on the assumption that regional
co-operation minimizes the costs and maximizes the benefits for all participating
countries., However, in many cases costs and benefits are not proportionately
distributed. In many instances where a regional organization is a relatively
effective continuing operation, the reason is that one member chooses to bear

a disproprtionate share of the cost even though others share in the benefits.
This often happens on issues involving national security. Where organizational
responsibilities appertain to economics or science and technology, this .
disproprtionate cost sharing is much less likely and members tend to demand that
there be little or no disparity between the apportionment of costs and the
distribution of benefits. 11/

19. In caces where regional organizations oriented to ecomomic, scientific and

e

10/ Liston and Smith: '"Fishing and the Fishing Industry", M.I.T. Sea Grant
Study of International Marine Technology Transfer, p. 59.

11/ This is a deliberate simplification of a well-developed theory. Those
intercsted in the original should see: Mancur Olson, The Logic of Collective
Action, Cambridge, Harvaerd University Press, 3rd Prin’cing,S 1973; and Mancur Qlson
and Richard Zeckhauser, "An Economic Theory of Alliances', Review of Teonomics and
Statistics, vol. XLVIII, August 1966, pp. 266-279. For an application to
international orgenizations, see: dJohn Rugrie, "Collective Goods and Future
International Collaboration", in American Political Science Review, vol. LXVI,

No. 3, September 1972, pp. 874-893. /oo

Approved For Release 2002/08/21 : CIA-RDP82S00697R000400050005-6




A/CONF. 62/0 3Ap@|;_oved For Release 2002/08/21 : CIA RDP82$00697R000400050005 6

English
Page 8

technical act1v1t1es are relatlvely effective in performance the reasons for this
have usually boen “(&) either the "good" produced has been indivisible and of
high value ‘so ‘that  its attaimment would have been impossible without effective
collaboration (e.g., longer rahge and more accurate weather forecasts); or

(b) although divisible the "good" produced was still greater than the perceived
sum of the separate. contributions (e g., nuclear research in the Centre Europeen
““pour la Reécherche Nucléaire (CERN) -but: there may be:real cost limits to continuing
co-operation in these instances); or (c) the primary source of contributions was
external to the organizational members so that the question of the ratlon of
beneflts to 1nd1v1dual costs need never arﬂse (e g. CIMMYT and IRRI) '

20. 1t is clear' therefore that reglonal co-operatlon for the transfer of marine
technology will not be a panacea. : There will be limits to the utilization of this
rechanisn flow1ng from thé- problem of who will pay the costs for what kind of
ac+1v1ty At' the same time the reglonal alternative should be carefully examined
every time & new transfer programme 1s contemplated to see whether 1n that case
the mechanlsm 1s llkely to work o , o

. g it e SoeTew T
LT o g T
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II. A DESCRIPTION OF SOME MARINE ACTIVITIES

(1) offshore -oil and gas

2l. The production of petroieum and natural gas from offshore sources is one of
the most complex and capital intensive marine industries. The high costs and

risks associated rith merine aydrocarbon :xploiistion have tended to restrict
participation to large cnterprises or corporations, many of which are multinational
in their operations. The extent of vertical integration of the offshore oil and
gas industry veries ccnsiderably. Some of the major multinational.corporations
engage in all operational phases, from the exploration stage to transportation
refining end marketing. On the other hand, many enterprises utilize the services
of firms specializing in discrest phases of offsheore attivity such as surveying,
exploratory drilling, offehore lacilities maintenance, etc.

(a) Geological and geophysical surveying

22. Remarzable technological advances in instrumentation for offshore surveying
have ocecurred during the last two decades. Improvements in collection and data
processing (gravity, magnetic field, and seismic reflection) and in position
fixing techniques for survey vessels are particularly important. However, location
and evaluation of marine hydrocarbon resources remain a costly and uncertain
exercise; positive discovery and evaluastion can only be accomplished by
exploratory drilling. '

23. Exploratory drilling is relatively expensive (compared to surveying), and
prudent selection of promising sites depends upon information from geological and
geophysical surveying. The location of the most promising structures in
appropriate strata is the objective of offshore surveying. 12/ :

2k, The main scierntific techniques involve sensitive measurement of spatial
variation of the earth's magnetic and gravity fields which can be interpreted to
represent the different character of thick sedimentary basins from other
continental or oceanic geological conditions. The most useful technigque currently
in use is the seismic reflection profiling system. This system utilizes an

intense source of energy that produces sound waves which can penetrate the »
seabottom to a depth of several kilometers. Measurements of the time of arrival

of echoes from successively deeper layers of strata are made from hydrophones
(underwater microphones). These measurements can be analysed by very sophisticated
mathematical techniques to infer the location of geological structures.

25. Petroleum exvnloration firms utilize equipment that operates on the same
principles as the instruments used by geologists and oceanographers to study the

12/ The importance of these data fer decision making by the public sect?r, is.
demonstrated by o recent directive of the U.S. Department of the-In?erio? which
requires that, all (outer continental shelf) geological and geoPhy31cal information
not yet interpreted - i.e., corrected dats in analog and digital form - be
submitted al no charge to the Department. /..
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general geological structures and processes of the continental margins. However,
the instruments used for direct. petroleum exploration are exceedingly more

refined and scphisticated in order to provide considerably more detailed data
about subsurface geological structure on a secale as fine as several kilometers

in dimension and depth below the surface. Geophysical data collection services
have eveolved into a separate industry and rew or analysed data can be . obtained

for mony areas of the world for o Tixed price, Such data may already have been
collected and deposited in private industrial "libraries’ or the exploratlon Tirms
will undertake survey:s at the pec1¢1catlons of thp data buyer.

26, Some 450,000 lineal miles of: continental margin geology have been surveyed

around the world and are avulLabde for purchase Typically, the collection of
eismic reflection vrofiling meastrenments cosfs a minimum of approximately

$US 100 per mile of survey gﬁ‘lﬁ t*avela and analytical costs for geological

1nterﬁvetatlon cost an udd¢tlonaJ $US 30~50 per mile.

27. This {or even more intensely surveyed) geological information is then
utilized to identify sites where the geologic formations show the hlghest
probability of oil and gas accunulabtion.

{b) Exploratory drilling
28. Selection of expleoratory drilling sites is based.-upon various criteria which
include depth of wabter and depth of the structure within the promising sedimentary
strata. Exvloracory drilling abt ssa utilizes essentially the same kinds of drilling
techniques develcped for drilling on land., The equipment is mounted on fixed or
mobile platfoims (drilling ships, semisubmersibles, or jack-up rigs), and the time
period required for drilling a single exploratory hole will uqually be limited
to several weeKS'(once the platform ig at the cxte)

29. Obviously not all the exploratory wells discover economically exploitable
concentrations of 0il and gas. The investments for explorwtorv drilling range
from hundreds of thousands to several million dollars (U.S.) per hole (depending
upon depth of water and other factors). '

(¢) -Production drillirg, completions and maintenance

30. The discovery of concentrations of 01l snd gas by exploratory drilling will
typically culminale several yeais cf sxploratory effort. Once the production
decision has been made, at least several additional years would usually be requlred
to produce oil aad gas in cowmerc1a] quantltlea.

3l. Production drilling”iﬂ nornally accomplished from fixed or "jsck-up" platforms,
and a large number of wells can be drilled from the single platform by means of
slant drilling techniques (12-2% wells per platform are not uncommon). In 1972,

an eighteen-well drilling platform in 250 feet of water represented an installation
cost of aporoxwmatcly O T '77\n (Uu.s. ) Complcblon refers to the 1nstallatjon

of ~11 of e rounnnloah L;;V(“_ (V(l ves, plpo . gaures, controls, ete. )

- e

 /’..§
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vhieh are necessary produce oil and gas from offshore wells. The expenses of
‘drilling and completion from the sea surface escalate significantly-as the depth
of water increases.’ It has been estimated that the world-wide offshore drilling
and completion costs (well depth 12,000 feet), average approximately

$2 million (U.S.) per well in water 50C feet in depth. The technology

for subsea completions (using manned and unmanned submersible vehicles) is
evolving rapidly, and it is expected that its costs may not be so closely
associated with water depth as is the case for fixed platform completion systems.
32, After a well has entered production, periodic maintenance and "workover" is
. necesgsary to sustain downhole flow rates and a variety of sophisticated
technigues is available for this purpose. Furthermore, injection of water or gas
‘into-oil~bearing strata can substantially increase the ultimate. quantity of
recoverable oil, ' :

(d) sStorage and transfer

33, Depending upon the depth of water and distance from shore, oil end gas will
either be transported ashore by submarine pipelines, or will be stored end ferried
by vessels or barges. Most offshore wells in production utilize pipelines for
transportation, but as offshore operations are transferred to deeper water ferther -
from shore, large storage systems become economical. The technology for the .
construction and placement of large storage tanks has already been tested by actual
use.. The average costs for submarine pipelaying range from $300,000 to

$600,000 per mile, depending upon the pipe diameter and water depth. The costs for
large offshore storage tanks may range from $15 to $30 per barrel of stored oil.

(2) vSea«bed-miningﬁand dredging

(a) Dredging and shallow water mining

3k, The technology for dredging has mainly developed in response to requirements
for channel excavation and maintenace in nearshore areas 7vor navigational purposes.
In localities suffering from shoreline instability and exosion, the production

of sedimentary material by dredging the adjacent sea-bed has been shown to be
successful. In fact, as the value of shoreline space in industrial or tourist
areas becomes increasingly scarce, the extension of land area by filling with
dredged sediment may become economically attractive.

35, Surficial mining in shallow water utilizes dredging; technology to obtain
such minerals as gold, tin sands, iron sands, heavy minemrals (titanium), and
calcium carbonate (mollusc shells) as well as sand grave:l. The technological
principles of dredging are comparatively simple and invelve sea-bed excavation
by mechanical digging or suction with equipment mounted on a barge or vessel.

36, The wireline method utilizes a "drag bucket" or "clamshell dredge" to

scoop sea-bed material and is capable of operating in relatively rough wave
conditions. The continuous bucket ladder system has a mreabt digging capacity and
the hydraulic (suction) dredge with a cutting head has = high production capacity.
However, both systems are restricted to sheltered sea conditions.

/' e
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37. The capltal investment for dredging systems is generally less than

$5 million (U.S.) per system. Unit costs of production are highly varieble and
depend upon the hardness of the seabottom and the preva11§ng sea surface conditions
(wind and waves). The unit value of dradged mineral ores is also quite variable:

the concentration of the mineral in the dediment, the spatial extent of the resource,
and the depth of. the water are critical factors

38. Although shallcw water dredging technology is not as cepital intensive as
other marine technologies, the unit value of dredged minersl bearing sediments may
be economically attractive in some cases. The distribution and occurrence of
economic concentrations of specific minerals in shallow water are poorly known,
and present evidence suggests that dsposits may be quite locel and limited in
extent (i.e. placer deposﬁcq aagacpnt to river mouths). Exploration methods for
broed surveys are generally limited, and discrete sampling programmes (by drilling,
coring, or scooping,) are expensive. Processing techniques for marine ores may

be different and perhaps more costly than those for terrestrial ores. In the

case of bulk minerals with low unit value (i.e., sand and gravel), the distance
‘of the dredging site from the point of consumption is very significant and
transportation costs may be prohibitive.

"(b) Deep sea-bed mining

39. In contrast to shallow water mining which employs existing technology for
- dredging, mining operaticns on the deep sea-bed will require large scale and capital
intensive technological innovations. Technology for extended activity at depths
greater than 5,000 metres is still under develorment.

L0, Fxtensive surveys employing underwvater phctography and television and direct
bottom sampling by dredges and corers have verified the existence of vast
quantities of manganese nodules and metal-enriched muds. Although the
concentrations of valuable minerals in certain marine ores may be higher than in
terrestrial types, the costs of mining and processing these ores in commercial
quantities remain problematic. 13/

(3)1 Qffshore structures, cables and pipelines

41. The future oy artifical offshore islands (floating or rilled) is most
promising in areas where land costs are exceptionslly high, because of residential
and commerciel use, industrial Gevelopment, or tourist activity. The potential
uses of artificial islands are nearly as diverse as those for coastal land. In
addition, the comparative availebility of vigorocus air and water circulation
offshore may provide opportunities for harmless dlss1pat10n of effluents and heat
azsocisted with many industrial operatlons.

N

13/ For current information on technological developments and related costs
for deep sea-bed mining, see A/CONF,62/25,

/e
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42, Using existing technology for dredging, filling, and wave protection, the
construction cost per square metre of artificial island surface decreases inversely
to the size of the planned island. Multipurpose islands for power generation,
petroleum handling, weste processing and desalination have been proposed for the
North Sea. Offshore airports may become economic in densely settled coastal

areas. Technologically complex floating nuclear power plants, and ‘residential/
recreational structures are planned or under construction.

I3. Submarine cables have been utilized as a practical alternative for energy
transmission over modest distances (less than 100 kilometres). Undersea cables
for communication continue to be vital links within regicnal and global networks.
It has been estimated that laying of submarine cables in the deep sea costs
approximately $10,000 per mile, but the cable technology has advanced so that
present cables hdve the capa01ty to offer over 800 simultaneous c1rcu1t3, with the
‘ p0851b1]1ty of up to 3,500 circuits in the fores eeable future.

LY. Offshore pipelines for petroleum, chemicalsg, or slurried ores afford the
opportunity to avoid sometimes hazardous surface tr&noportation,(lighterint) from
offshore terminals. As tankers and ore carriers continue to increase in size '
and draft (depth), offshore transfer facilities in many coastal areas become

more necessary. Offshore storage tanks have also been developed to contain oil
as an intermediate stage in the transfer process. The economic feasibility of
offshore terminals and pipelines is strongly dependent upon very high volumes of
cargo btransfer and such installations are probably not appropriate except for
nejor oil or cre exporting or importing countries. '

(4) Submersibles and undersea habitats

45,7 Visible light and radio waves are attenuated very rapidly in sea-water -~ only
sound waves travel any significant distance;. saline waters are corrosive to most
materials; excepl in the shallowest areas, sea~water is very cold; ambient pressure
increases greatly with submergence from the surface. These are some of the
problems limiting human activity under water. S

46, TIn shallow water (down to 100 metres) self-contained diving equipment affords
the greatest opportunity for diver freedom. A protective .uit and breathing
“apparatus are comparatively compuct and inexpensive. However, the dissolution of
respiratory gases in the bloodstream (becavse of elevated pressure from
submergence) increases the deeper the diver descends and the longer he remains
there. Such dissolution of gases in the diver's bloodstream requires gradual
decompression to avoid physiological damage from the formation of bubbles. The
time necessary for diver decompression increases as the duration of descent is
extended. After a certain period of submergence (approximately 2U4 hours) the time
necessary for decompression does not increase significantly if the diver remsins
near the same operational depth., Saturation diving utilizes this phenomenon and
undersea habitats (gas-filled vessels maintained at the pressure of the surrounding
water) have been developed to allow divers to live and work in the sea without
the need to surface frequently and undergo lengthy decompressions after each
ascent.

/een
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47. Because of the physiological rigours and the practical depth limits to
diving, manned snd unmanned submersibles have been constructed for a variety
of purposes. Manned submersibles protect human passengers from the tremendous
external pressure and from low temperaturé in a "shirt-sleeves' environment.

48. Submersible systems vary in complexity and cost and require expensive
maintenance and rupport frem surface vesr=ls, usually of quite specialized

design. Even the wost scphisticated subtmersibles offer limited outside visibility
to the operators, and any work must be performed by articulated mechanical arms,
clamps and other devices. Operating costs for the most modest manned submersible
are gt least several thousand dollars (U.s.) per day.

49. The special training of personnel and highly complex technologies required
for underwater work have limited the use of submersibles and deep diving systems.
At the present time, the prime industrial user is the offshore petroleum

industry in conncxion with drilling and maintenance of underwvater equipment and
pipelines. Submersibles have been used in marine research and exploration and for
search and rescue work. Tt is expected that offshore oil and scientific research
purposes will remein predcominant in the foreseeable future.

50. The costs of developing and employing submersibles in very shallow water
(lLess than 50 metres) are considerably less than for more complex and higher
endurance models for deeper submergence. Shallow water submersibles have been
utilized for aguaculture and the possibilities for tourist and recreational uses
may be substantial.

(5) Extraction of dissolved chemicals from sea-water

51. The quantities of dissolved minerals and chemicals in the ocean are immense;
virtually every naturally occurring element can be found in the ocean. However,
except for several major components of sea-wabter, the concentration of all other
chemiceals is exceedingly low. Large quantities of sea-water must be processed
to recover comparatively minute amounts of desired chemicals. Fxtraction of a
limited mumber of dissolved chemicals from sea~water is technologically and
economically feasible.

52. Solar evapcrotion of sea-water in enclosed pools is a widespread and inexpensive
technique that yields concentrated salt bitterns. In addition to the industrially
important compound sodium chloride (common salt), bitterns cohtain lesser amounts

of various salts which can be extracted by relatively simple processes utilizing
eppropriate chemical agents. Potassium chloride and potassium sulfete can be
extracted for use as fertilizers. Magnesium and sodium salts (other than sodium
chloride) can also be economically recovered from bitterns.

53. Metallic magnesium is currently extracted from sea-water in substantial

guantities by processing salt bitterns with calcium carbonate from sea shells and
then reacting the material with electricity (electrolysis).
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s, Bromine gas, an important component for the production of leaded gasoline,

is recovered from the ocean by simple treatment with sulfuric acid and chlorine
gas. The bulk of the world's requirements for bromine is produced from sea-water.
Deuterium (heavy water) is obtainable from sea-water and is important in nuclear
engineering applications. Compared to other sources, the natural concentration of
uranium compounds in sea-water is sufficiently great that the continuing demand
for the material may allow economic recovery in the foreseeable future.

(6) Desalination of sea-water

55, Growth in world population and expansion of agricultural and industrial
activity will certainly increase the need for fresh water. It has bheen estimated
that world consumption of fresh water may double in a matter of two decades.
Desalination has been proposed as a partial solution to increasing demands for
fresh water. Recent technological developments in desalination processes have
been incorporated and tested in numerous facilities around the world. Nearly all
of the plants have been of comparatively small capacity (several million gallons
of fresh water produced per day)}, and the construction of much larger systems has
been held in abeyance because of the expected costs of desalination compared to

_other water sources or practices.

56. The nced for fresh water in specialized applications in remote or arid coastal
locations will continue despite the production cost of up to several dollars

(U.S. per thousand gallons (for smaller scsale facilities). However, more general
usage of Jesalinated sea-water will be predicated on a delivery cost of approximately
$0.30 (U.S.) per thousand gallons. Agricultural use of water may be limited to

costs as low as $0.10 to $0.15 per thousend gallons.

57. - The most efficient technology in current use produces desalinized sea-waber
at costs of slightly less than $1 (U.S.) per thousand gallons. Four general

types of processing have evolved: (1) distillation; (2) membrane action (reverse
osmosis); (3) crystallization (freezing); and (4) chemical reaction (ion exchange).
Of the four processes, distillation by the so-called "r1ash® or "multistage flash"
systems appears to be the most practical from the viewpoint of production cost

and quantities of sustained production.

58. The economic operation of all of the processes is constrained by several
mejor factors: (1) All of the systems require large quantities of energy (heat or
electricity) and fuel costs are very significant; (2) Corrosion may limit
sustained plant operation; (3) In the case of distillation, "scaling" (chemical
deposits) in piping reduces the heat transfer properties and thereby increases
fuel requirements.,

59. Plans for very large flash distillation systems have emerged with estimated
production costs of less than $0.40 (U.S.) per thousand gallons that are intended

to profit from further technological innovation and economies of scale. Because the
energy costs form such a substantial portion of operating expenses of desalination,.
multipurpose systems have been proposed in conjunction with inudstries that produce
large quantities of heat as a waste produce (i.e., nuclear or fossil-fueled power
generators). Reliable cost information from larpge-scale desalination or multipurpose
facilities must await more detailed investigations of pilot plant operations.
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