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NOTICE

This document is disseminated under the sponsorship of the Department
of Transportation in the interest of information exchange. The United
States Government assumes no liability for its contents or use thereof.

The contents of this report do not necessarily reflect the official view
or policy of the Coast Guard ; and they do not constitute a standard,
specification, or regulation.

This report, or portions thereof may not be used for advertising or
sales promotion purposes. Citation of trade names and manufacturers
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‘RF~ACE

This is Volume Three of a three ‘io lume report dealing with  forecasted
underwater activities circa 1978-2000 and their implications for the U.S.
Coast Guard.

The three volumes comprising the total report are:

Volume 1: Executive Summary: a summation of the other two volumes
of the report developed with the objective of providing
a complete overview of the project.

Volume 2: Basic Report and Analysis of Coast Guard Implications
of Future Underwater Activities: a sununary of the
research process and the analysis of the Coast Guard
implications derived from the forecasts presented in
detail in Volume 3.

Volume 3: Detailed Forecasts of Underwater Activities : the
detailed forecasts for overall underwater activities.

The forecasts are not meant to be exhaustive scenarios containing all
aspects of future underwater activities , or all possible “alternative
futures.” Rather, they are tailored to concentrate upon illuminating those
aspects of future underwater activities that will help to define the relation-
ships to Coast Guard missions and operational responsibilities. These are
termed “Tailored Vignettes.” The concept of “tailored” means that a special-
ized interpretative dimension to the forecasts is being derived. The concept
of “vignette” means that a middle ground is being adopted between comprehensive
scenarios of all future possibilities and the event—oriented forecast. The
former suffers from a level of generality which makes specific operational
implications difficult to define. The latter , the event—oriented forecast,
suffers from a specificity which inhibits the needed integrative insights.

The “vignette” concept provides a useful “middle ground.”

We have presented our conclusions in the form of forecasts and probability
estimates within three basic time phases—— 1981—85, 1986—92, and 1993—2000.

The reader should approach these and all long range forecasts with an acute
awareness that:

• The most difficult problem in comprehending probable future
developments is overcoming the tendency to perceive the $
future only as a mirror im~.-ge of our current operational
day-to—day experiences .

• There is no single “right” or “wrong ” view , for there cannot
be that desired degree of scientific prediction . One is
dealing with an art form replete with qualitative as well as
quantitative information and judgments, interlaced with societal
values, and the complex interactions of scientific , techno-
logical, economic, political , and social developments.

• We have sought to provide the reader with sufficient
rationale and analysis to understand how we have
derived our views, and if he so wishes, to have a
baseline from which to develop alternate views if he
deems our views to be invalid .

.
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CHAPTER 1: INTRODUCTION

As will be seen in later chapters, we envision significan t changes in

underwater activities. Virtually all of these developments entail substantial

implications for the Coast Guard . The following brief summation will suggest

some of the highlights which are developed in more detail throughout the fol-

lowing chapters:

• Some major changes will occur in traditional concepts
of marine military operations . The underwater arena
will become proportionately more important . There will
be substantial growth in the type and scale of military
activities in the underwater environment .

• Non-military operations concerned with the protection
of property and life will also expand dramatically as
a result of the: growing range of underwater activities ;
growth in antisocial technologies through which to disrupt
marine activities; growing probabilities that such tech-
nologies can and will be used in extra—legal ways; growth
in capabilities to predict natural catastrophies ; and
growing potential for accidents.

• The marine environment will become much more involved with
economic activities in all-significant categories: energy ,
mining, mar ine agriculture , transpor tation , management of
the injection of foreign elements , and recreation .

• While we do not believe extensive underwater habitation
will occur as a permanent alternative to land based livinq ,
we do foresee some temporary human habitats to serve
functional or recreational purposes.

• Requirements for and technologies to achieve surveillance
and monitoring will be a dynamic area.

• Scientific resea rch wil l  continue in  a growing
n umber of areas .

• Regulation , standard sett ing, enforcement and
inspection requirements will grow substantially ,
and they will cover a number of new fields .

Our concept of presenting these forecasts in the form of “tailored vignettes1’

is discussed in the Preface.

These ‘vignettes were developed from an integrative analysis which blended

together three frameworks :

• The Macro Environmental Framework s A structure which
contains the trendg and developments wh ich affect
all institutions within our society and are in essence
a generalized context common to all.

4
4.
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• The Marine I~nvironme nt Framework : A structure wh ich
contains the trends and anticipated developments within
the overall marine environment.

• The Underwater Activities System Model: A structure
which contains a more detailed analysis of trends and
expected developments within the underwater environment;
i.e., the specific domain with which we are concerned.
This model contains:

• 13 basic categories or classes of activities

• 106 more specific activity areas which represent
the level of the structure needed to forecast
activities and access the related Coast Guard
implications

• basic techological/operational systems which
will be employed within the underwater environ-
ment in the conduct of the above 106 types
of activities.

Tai lored vignettes have been developed for each of the thirteen basic cate-

gories and are discussed as individual chapters within this report. However,

these vignettes are highly interrelated and share in co~~~ n many of the operational

systems that will be found in use.

Chapter 15 presents an integrative summation of these operational systems

which we expect the Coast Guard to encounter in the future underwater environ-

ment. These operatio~tal systems provide an important mechanism through which

to develop the Coast Guard implica tions discussed in Volume II.

Withi n each ac t iv i ty  category and its related chapter , the tailored fore—

casts are presented in the following format:

• Definition: specific coverage of the activity

• Background: giving a few salient points which place the
activity into historic perspective and give
an overview or backdrop for the major future
developments

• Functional System: outlining the components of the
functional system which is required to
to conduct the activity

• Geophysical Perspectives: outlining the required geophysical
attributes and sketching where these
conditions are generally met wi thin
the territorial waters of the U.S.

• Tailored Forecasts : outlining the rationale and substance of
the forecasts which will describe the condi-
tions which will be encountered if one walks
through the anticipated future

1—2
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The tailored forecasts ‘ont:iin the following suhsec1ic~u , ; :

• Key Ba~ jc Concepts: brief outlines of the key ided~i .~,i d/ ~~r
concepts for possible future develop—
ments. These are discussed in relation
to each component of the operational
system discussed above .

• Key Dr iving Forces : b rief def inition of the forces wh ich wi ll
have the most impact upon moving the activity
foreward.

• Key Barriers : brief description of developments which could
simply elimina te the dri ving forces and the
factors causing the activity to emerge or
continue to develop.

• Tailored Vignettes: our forecasts of future underwater activity
discussed in terms of key substantive character-
istics that will likely be found in existence
These are assigned probability estimates of
high , good, low and minimal within three time
frames: 1981—85, 1986—92, 1993—2000.

The above inf o rmation is summarized within each activity forecast in several

standardized f igures :

• One which sketches the components of the operational system

• One or more which list in columnar form the following: Basic Key
concepts , Key Driving Forces , Key Barriers and Obviating Factors.

• One which summarizes in outline form the substantive forecasts
with probability estimates for each of the three basic time
periods

In developing the tailored forecasts the rationale and analysis proceeded

in the following sequence:

1. A j udgment was made relative to each ot the obviating factors.
If they are to become operationally significant then the fore-
cast would be for a reversal of the driving forces and perhaps
no presence of the activity within the marine environment, at
least within the time frame for this project.

2. Analysis of the key barriers. The question here becomes whether
they will be sufficient to block emergence of the activity or
to affect the manner in which it emerges. If they are expected
to block it entirely they become the equivalent of obviating
factors . If , however , they are to interact in affect ing how the
activities emerge and are conducted they are integrated with
the analysis of the driving force to derive a judgment of how
the future developments will likely unfold. In essence , one
is estimating how the problems raised by the barriers wil l  be
resolved .

1-3
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3. Analysis of the u l t ima te  direction and substantive com~,r,sj .tiori

of the driving forces , and how they are ultimately reconciled
to the issues raised by the key barriers. This analysis integrate’~
the alternative technological concepts of what might occur with
the social , political and economic factors to derive our judgment
of what is most likely to occur. This analysis also is used to
develop our independent estimates of the probabilities.

Once each activity has been individually forecas ted , all ac tivi ty forecas ts

were interrelated in a cross impact matrix analysis which may have caused a

modi ficat ion to the previous individually developed forecast .  These modifications

were made and the final tailored vignettes derived.

THE UNDERWATER ACTIVITIES SYSTEM !~)DEL

A~ noted above , two conceptual/environmental frameworks have influenced

both the structure and the forecasts of the Underwater Activities System. An

outline of the structure of these two frameworks , p lus the thi rteen major  cat a—

gories of the Underwater Activities System Model are shown in Figure 1— 1.

FIGURE 1-1: OVE RVIEW OF CONCEPTUAL FRAMEWO RKS

Macro Model Marine Model
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STRUCTURE OF TUE UNDERWATER ACTIVITIES SYSTEM ?‘~)DEL

As is shown in Figure 1—2 , t he Underwater Activities System Model con-

tains thirteen basic a~ tivity categories-V For purposes of this analysis , these

categories can be viewed as specific functional purposes/missions related to

operations within the underwater environment.

Each of these major categories contains a number of more specific activities.

There are 106 such specific activities within the model.

Finally, each of the activi t ies has one or more basic operational systems

associated with it. The integrated inventory of these operational systems is

developed In Chapter 15. A summary of that inventory is shown in Figure 1—2

along with the major activity categories and the specific activit ies.

Definitions of each activity are developed in the relevant chapters.

1—5
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I t must be remembered that the available technologies and resources are them-

selves largely determined by how the Coast Guard acts and plans now. Likewise,

the roles, missions and responsib il it ies , which will be ulti ately assigned to

the Coas t Guard , are heavily affec ted by the organizational effectiveness , cred-

ibili ty and foresight. By virtue of these realities , the organizational struc—

tures of the federal government may be further influenced by both current and

future activities of the Coast Guard as well as the other federal agencies

invo lved within the marine environment.

For these reasons , the analysis and estimation of Coast Guard implications

begin with a brief tailored forecast of the future roles of government vis—a—vis

the marine environmen t, followed by the organizational structures of the federal

governmen t , and of the probable roles and responsibilities which will be assigned

to the Coast Guard. From this perspective , the analysis translates the forecasted

underwater activities into sets of requirements , which will be levied upon the

Coast Guard . These requirements are discussed in terms of implications at two

levels:

• General implications for the Coast Guard as a whole

• Specific implications associated with the functions
reflected in the current program structure

Those overall requirements that cannot be fit into the current program struc-

ture are discussed separately as apparent or potential “organizational/structural

gaps.”

It should be emphasized that the imp lica tions at bo th levels represent our

independent view of the essential characteristics of the requirements, wh ich will

need to be met .

They do not represent any assessment or evaluation of whether these charac— V

teristics are already present, under development, or just planned. That evalua-

tion should be the next step, but it is beyond the scope of this assignment.

In the next chapter , the integrated outline of the forecasted underwater

activities and operational systems Is presented. The Underwater Activities

System Model upon which those forecasts were derived is presented below.

1—6
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CHAPTER 2: MILITARY ACTIVITIES

DEFINIT ION

Thi8 category includes all overt and covert activities related to the

underwater environment conducted by formally established military organizations

which are a part of a sovereign government, or by related organizations

operating under the command and control of such military organizations.

By and large, during peace time or a state of undeclared war, within the

U.S. government, military activities are limited to those of the Department

of Defense, its coordinated efforts, and its contractual supporters.

Military organizations operate as a component of governments in carrying

out various national objectives. Military activities are conducted in both

the marine and nonniarine environments, Within the marine environment they

are conducted above, on, and beneath the surface. Our concern here is limited

to the marine—related military activities that have a direct interrelationship

with the underwater environment. Such activities can be classified into one

or more of the following sets:

• Submarines as weapons

• Mines

• Individuals/teams

• Underwater installations

• U nderwater logistical support

• Surface weapons systems interface

• Air—based weapons systems interface

• Land—based weapons systems interface

• Surveillance/mon itoring

• Resaa rch and development

• Marine mammals

BACKGROUND

The capability to traverse the seas and to operate militarily within them

has been an important component of military objectives for centuries. But

until the advent of the first submarine during the Civil War these marine

activities were almost exclusively restricted to surface vessels. The 20th

century introduction of aircraft , missiles, and satellites along with dramatic
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innovations in underwater technology has lead to a rapid development of military
act ivities conducted above, on, and beneath the ocean surface.

Our forecasts related to underwater military activities are developed

against the following backdrop of macro/marine environmental’ forecaste:

• Overall political, economic, and technological developments
will continue to emerge wherein there are more nations who
are significant in world affairs and who increasingly are
equipped with military organizations operating at all points
of the spectrum from conventional warfare (as currently
defined) to the nonconventional capabilities of nuclear,
biological, chemical, and other forms of modern weaponry.
We refer to this overall spectrum of potential destructive
capabilities as antisocial technology.

• The historic “monopoly” by military organizations to
develop and operate antisocial technologies will
erode and the capability will be transferred to diver-
gent organizations.

• There will continue to be a major need for military
capabilities as instruments of national policy and
power.

• The U.S. will continue to seek to retain its role as a
major world power, and in so doing will find that it
must maintain military parity along with many other
forms of competitive parity, including the capability
to operate at any and all points on the antisocial
technology spectrum.

• Technological developments are bringing about a climate
within which the fundamental doctrines of naval warfare
will have to be changed. This shift primarily will be
one which makes military activities within the under-
water environment much more important in terms of
at solute quantity and proportionately more significant
-4ithin overall military capabilities.

• The arms race will continue to move into the next
generation development which will include both pro-
liferation of nuclear power and the development of
other antisocial technologies of a nonconventional
type. The national capability to destroy life and
property will increase significantly , and this capa-
bility will be more widely dispersed in the world.

• The evolution of the marine economy will make new
demands on marine military activities. Particular V -

areas of concern include the defense of offshore V 
- 

V

resources , rights of passage , and protection of ter-
ritorial waters.



Some of the details related to these developments are discussed In t lii-

remainder of this chapter and in the following chapters.

FUNCTIONAL SYSTEM

There are three areas within the functional system (Figure 2—2):

• Objectives to be achieved through military capabilities

• National goals and capabilities

• Military operations which unite the national goals and
capabilities with the objectives

FIGURE 2—2: OPERATIONAL SYSTEM FOR MILITARY ACTIVITIES

NATIONAL GOALS OBJECTIVESMIL ITARY OPERATIONSAND CAPABILITIES

Government Structure Define Requi ted Capabi lities Deterren t Parity

• Political/national objective , Show of Powe rEconomic Capabili ty 
______

• Capab ilities other nations
Technological Capability l-~’ .____~Ø Logistical Transport

Potential threats and Support

General Societal Potential allies
Support and Capability Defense/Security

• Overall force balance of U .S. Territory

Develop Needed Capa c i t y Of fens ive  Operations

• Knowl edge and technology Again st U.S . Enemies

• Eq uipment and other —

physi cal re sou r ces

• Competent huma n resources

Conduc t Required Operations

• Surveillan ce/detect ion assessment

• Missi on/target identification

• Trackin g

• Successf ul engagement with
mission/target

• Succe ssful self protection
recovery
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NATIONAL GOALS AND CAPABILITIES

Governmental Structure

In the definitiona l section, military activities were limited to

those operations conducted under the authority of a sovereign government.

Within the U.S., these operations are exclusively under the control of the

federal government and they are conducted primarily by the Department of

Defense. It should be noted , however , that all military activities need not

be , nor are they centered , within the Department of Defense. Many such activ-

ities may be conducted by other agencies, but a’~. normally within the coordina-

tive relationship with the DOD. State governors can summon the National Guard ,

which is a part of the U.S. military establishment for purposes of emergency

action within the boundaries of individual states. However , we are including

such actions within our concept of DOD coordinative responsibility .

In making forecasts for military activities , it is important to consider

how various other governments of the world may be organized and how they may

organize their military activities. There is no reason to expect that formal

mili tary organizations will  be the center of all military activities conducted
by foreign governments.

Economic Capability

An important component of any nation’s military activities is the

economic capacity of the nation or allied groups of nations to underwrite the

military capability. This capacity varies significantly with the stage of
economic development , the priority placed upon having military capability and the

particula r type of force structure which is sought .

Technological Capability

As military operations have become u~ re and more sophis tica ted , the
national resources associated with general technological capability are also

importanb. These technological resources may involve the research and develop—

mental leadership role or they may entail only the capability to import technological

developments emerging elsewhere.

General Societal Support and Capability

Important to any significant military capability is the p~eneral

societal support which is essential to the effective mobilization of the nationa l V

~
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wil l , power and capaci ty. This fa~ tor is Impo1tant ~ t, ‘Il l ~overnment aJ  l o rm s

but is especially impor tant within world democra (-i~-s.

OBJECTIVES OF MILITARY ACTIVITIES

The objectives that military ad ivitics ~wtk to achieve are many fold , but
can generally be grouped into the following b;isic c lassifications:

• Maintenance of det~ rre~ t pari~~i: the ‘development and
maintenan ce of a mi litary cai~ahility for retaliation
wh ich is s u f f i c i e ntly cr~idii te to deter anyone from prac-
ticing military aggression against the U.S. or its allies.

• Show of power: the occasional employment of physical
visiblity of military capaoilities to show power as an
ins trument of diploma tic negotia tions, to preclude aggressive
acts of other nations , or to support U.S and all ied
negotiations related to various national objectives.

• Logistica). transport and support: activities related to
marine military operations which are associated with moving
men and materials from one place to another and supporting
them while there. These operations apply to the logistic
support of air and land forces located overseas.

• Defense/Security of U.S. Terri tory:  the capability to
secure al l  U.S. territories or , as appropria te , the terri-
tories of U.S. allies from aggressio n of all kinds.

• Offensive operations a~ ainst U.S. Enemies: the capability to
use the most immediate and effective military means to
destroy a declared enemy ’s capabil ity to fight or to threaten
the security of the U.S. These types of activites are
normally confined to a state of declared hostility.

MILITARY OPERATIONS

The military operations which connect the above nationa l goals and

capabili ties, and mili tary objectives entail three basic types of activities:

• Defining required capabilities: which are derived from
a combination of political/national objectives; decisions
thout overall force balance and type of structure
among the air , land and sea forces, and the perceived

- - capabi lities of other nations who are ei ther potential
threats or potential allies.

• De”elopment of needed military capability: a combination
of knowledge arid technology , equipment and other physical
resources , and competen t human resources.

V 1. •~~
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• Conduct of required operations: the func t i ona l  subcomponents
are grouped as follows :

• Survei l lance, d~ t e c t i ’,ri and i den t i f i ca t ion

• Mission/target identification

• Tracking

• Successful engagement with missi3n/target

• Successful recovery from engagement with
mission/targe t or from enem ies attack

Geophysical Perspectives

Submarines generally opera te In deep water beyor~L the OCS .

The ocean thermal gradient is a key factor in a submarine’s ability

to remain hidden. Sea water temperature tends to decrease with depth. This

tempera ture g radient tends no t be to uni form , but to exhibit an abrupt steep

high gradient layer at depths of from less than 100 feet to several hundred feet.

This layer refracts active acoustic echo ranging to render submarines below the

layer invisible from the surface. Submarine operations tend to favor regions

of the world where the layer is reasonably prevalent and close to the surface.

These regions tend to be in the tropical or near—trop ical waters.

Surface ships have two possible responses to submarines’ use of the
thermal layer for cover: very high power lo- ‘f requency sonar, and sonar towed

beiow the layer. Low sonar frequencies are attenuated in sea water less than the

higher frequencies. Low frequencies also require large massive sonar transmitters.

Military mining operations tend to be more effective , and the purpose of

mining tends to be better served , in shallow water near coastlines. Mining opera-

t ions are affected by ocean curre’ rs , but to date the pred ictability of these

currents has been insufficient to promote use of currents to carry mines to desired

loca t ions .  P r esent l y,  mine technology has not produced mi nes which can discrim-

inate effectivel y between friendly or ho st i l e  c r a f t ;  henc e , mining operations have

been carri ed out (traditionally) in waters not frequented by f r iendl y or even

neutral forces.

Human swimmers or d ivers operate most e f f e c t iv e l y  near the surface at

reasonably short distances to targets. The same is true of trained mammals; how-

ever , they can operate at a greater depth. It appears likely that trained inaimnals

will  be most effe .itve in physical environments reasonable similar to their native 
V

hab i t a t s .
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Ocean surface installations are likely to appear first in relatively

shallow depths, and to f ind onl y l imi ted applicability beyond the OCS even
in the distant future.

Submarine log istic support forces will not be limited by wate r depth
or distance from bases. Such forces will take advantage of the thermal layer

to enhance their concealment through long transits.

Long range eurveillance in the marine environment beneath the surface

is most effectively acco~splished through acoustic means. Acoustic technology

is , and will continue to be, beset 4th serious problems of noise and sound

refract ion and attenuation. These problems are less intense in deep ocean

waters than in the shallower water over the OCS . The difference in trans-
parency between deep and shallow waters will continue to be a factor for
acoustic technology .

TAILORE D FORECASTS

Key Basic Concepts

The key basic concepts involve a blend of botn social and physical

technologies and are outlined in Figure 2—3. Since many of the concepts

are somewhat overlapping, the following text does not relate in a direct one—

to—one manner to each of the entries in the figure. However, sufficient information

Is discussed to facilitate making the needed relationships.

Governmental Structures

The specific national goals and capabilities related to underwater V

mil i ta ry  a~ct ivit ies  are defined and made operational through governmental
structures.

I~ 
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The pa r ticula r or ientation of a governmental pe rception as related to

underwater military activities will evolve from a complex and almost indescribable

network of technological) economic, political and sociological dynamics. The

required structure for analysis can be sununarized in the following basic con-

cepts.

• Policy function: Irrespective of whether military capability
provides a key role, minor role, or no role as an instrument
of national policy, there are different contenders for
social/political concepts and systems at all points of
the spectrum

• Sovereignty: Irrespective of whether military power or
military—like capabilities rest with nation states or
within international or world government, contenders and
advocates from all shades and viewpoints will exist.

• Arms: Effectiveness of arms control and disarmament vs
the continuation of the need for further arms/weaponry
development.

Since the advent of atomic weapons, it has been increasingly proclaimed

that war is no longer an effective means of resolving disputes among nations.

This ar gumen t has been extended to the proposition that military capabilities

are essentially outmoded . There are extensive forecasts which indicate why

it is essen tial to disa rm the world before man destroys at least contemporary
civilization if not all of life. Other forecasters contend that defensive

measures can and will keep pace with offensive weaponry, and that the nature

of war and military operations may change but that they are inevitably a part

of the fabric of a national reality .

Some advocates state that as the bipolar control of world actions

erodes and the effectiveness of the nuclear deterrent becomes more question-

able, as the need for conventional capabilities within the overall massive

nuclear capabilities becomes more pronounced, and as the world nations who
have the capability of arming and conducting military operations of various

kinds expands, the demand grows for some form of world or international

government into whose hands the conmand and control of such capabilities

will reside. Others contend that national interests demand that such control

not be relinquished. Still others contend that given the nature of man and
the history of nationalism, the practical reality of world government or

even international governments of the type hypothesized can not be realized.
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While many policy strategists contend that effective arms eontro~ ju l41 ( V t I l

disarmament is the safest and most needed course of the future , few 00 0W SCC

realistic basis for believing it will come about except in a few specific areas

such as large—scale nuclear delivery systems.

Economic Capability

The type of military activities which any government can pursue are

closely determined by economic capability. The economic capability is , in turn ,

determined by factors such as the stage of development, the level of technology

and the degree to which priority for military expenditure reolaces other national

• The contention that military capabilities are a necessity
vs. the contention that they are a “luxury.”

• The contention that military expenditures are a stimulant
to economic development vs. the contention that they are
a drain on economic development.

• The contention that the allocations to military expenditures
should be limited by determining a maximum percentage of
the national GFP vs. the contention that military expend-
itures are determined more by what is required to retain
relative superiority.

The U.S. will have to confront such issues in constant policy debates

throughout the l980s and 1990s. Other nations will also be involved in selecting

which of these concepts will govern their military actions and development.

Technological Capability

Closely associated with economic capability, in the issue of the

technological capability which a nation possesses to support specific military

related technological applications. An historical perspective of military

operations shows that these have been very technologically intensive. Innova-

tions have come in a constant stream , from the invention of the sling to hurl

rocks, bows and arrows, steel bladed swords, gunpowder and guns right through

to MIRV and CRUISE missiles. The history of warfare is replete with victories

won by the side possessing technologically superior weaponry.

The two most basic concepts, from a national standpoint, which determine

the technological support base of a nation are:

_ 4 - .
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• The degree to which the national economy will be
technologically intensive and innovative

• The degree to which the nation ’s goal is to be a
leader or an imitator of technological development
and the degree to which any such leadership or
imitation is to be general or industry specific.

Generally speaking, the Western cultures have been more technologically

intensive and the U.S. has long sought to lead in technological development

across the entire spectrum of technology, especially military technology.

This leadership is now being challenged by a growing number of nations in a

growing number of fields.

Also being challenged is the nation ’s continued commitment to generalized

technical leadership. There are those who contend that such a strategy is no

longer economically sustainable, and that it should be abandoned. Evidence

exists which shows that the overall national support of basic research has ac-

tually declined in real dollar terms for several years, and that this in turn

spells a loss of leadership in at least some critically important technical

areas.

General Societal Support/Capability

The overall support and capability of the nation ’s populace underlies

and supports all of the above concepts. The nature of national goals, military

structures, economic allocations and technological bases are all ultimately de-

termined , at least in democracies, by this general support of the population

Many concepts with varying prospectives exist. Among those most relevent to

the purposes of this forecast are:

• The contention that national security should be inde-
pendently maintained whether or not other “free nations”
sustain their part of the responsibilities.

• The contention that security of the “free world” is
dependent upon all “free nations” carrying an equitable
share of the military capability load and that any
gaps arising from defaults on the part of some nations
must be lived with.

• The contention that military capability is no longer
a road to security , and that a nation and the world are
more insecure because they possess such capability.
This view is close to the world government viewpoint
discussed under the above section on governmental
structure.
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• The type of security which is sought may be conceived
of as a security only sufficient to protect the national
boundaries or a security which sees national protection
as closely intertwined with international patterns of
aggression and mili tary action.

• The degree of passivity which is accepted as a national
position. This concept originates fror~ the moral righthessof passivity and the immorality of war , and can help shape
the level of mi l i ta ry  capabilities.

Today ’s political struggles within the U.S. reflect varying degrees

of all of these concepts. There is no indication tha t they will waver, nor

that the debate will be lens stringent in the years ahead.

Defining ReQuired Military Capabilities

Underwater military activities are a functional aspect of overall

national military capability. The potential to develop total military capability

is dependent upon a variety of national political objectives and concepts

including:

• The role the nation wishes to play within the overall
scheme of world powers.

• The assessment of how much power other nations possess
and of what they intend to do with such power.

• The interdependency of national economies in terms of
raw mate rials , potential allied groupings and pooling
of military capability.

• The concepts of what represents security in .oe sense
of strategic or retaliatory military capability and
general vulnerability of the nation ’s economy, infra-
structure and population.

The national defining of military capabilities is a very dynamic area,

and seems destined to remain so throughout this forecast period .

Assessing the military capability of other nations is so central to this

analysis that it deserves special attention and further elaboration. Popular

terms descr ibing this concep t are “Nuclear Parity,” or “Strategic Parity” or
“Military Parity.” The essential idea is that since the U.S. is not seeking

to be an aggressor the level of U.S. military capabiliy is determined only

by our need to be at parity with or superior to other nations who are a potential
threat to the U.S. Thus, the military capability is seen as an essential

deterrent whose greatest value has been demonstrated by the fact that large

scale deployment has not been needed.
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The processes of defining military capability of other nations are not

exact sciences. Careful estimates of all forms of present and future personnel

and hardware are essential to the process. The various forms of weaponry which

a nation may possess or develop are discussed in Chapter 3 under the heading of

“Antisocial Technologies.” Conceptually speaking, these technologies are avail-
able for application by eitnar military or nonmilitary forces and hence may be
military or nonmilitary activities. The reader might wish to skim the categories of

such technologies now (see pages 3—4 and 3—5) remembering that their appli-

cation can be in greater sophistication and scale if employed through an

effective and powerful military organization.

The nature of the threats to be dealt with, from both a military and a

nonmilitary aggression standpoint, are determined by the state of the techno-
logical arts of all forms of delivery of destructive capability.

Once the potential threats of nations has been determined , the next step

is determination of the potential defensive capacity of other nations and of

the U .S . This process provides general estimates indicating the level of

mili tary capability which is needed , and begins to define what specific por-

tion of the military force structure is in need of attention.

As will be shown later , these processes will soon begin to result in gradual

but growing policy shifts that will place underwater military activities into

a greater position of importance within the national defense posture.

Developing Needed Military Capabilities and Operating Them

Within Figure 2—2, development and operation of the military capabil-

ities are shown as separate processes. This is indeed the case. But the

technological concepts are so closely related that they are combined for purDoses

of description and discussion.

• Some of the more general technological areas of most significance to

underwater military capabilities and operations are discussed below:

Functions of surveillance, detection and identification

Relevant technological concepts include:

a. Increase in acoustic and electromagnetic power radiation

b. Improvement in electromagnetic and acoustic signal analysis - 
-

c. Data processing

d. Improved satellite capability ~~-.
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e. Over—the—horizon (0TH) radar technology

f, Sea water “window” researc1~

Increased power radiation will continue to be a “brute force” means of

improving surveillance and detection capabilities. It is invariably accompanied

by increases in the size of the platform from which the radiation takes place.

The incremental u t i l i t y  of increased power radiation will continue to decrease

to the end of the century , especially beneath the sea surface.

Improvements in signal analysis capability will improve ability to descrimi—

nate targets f rom noisy backgrounds both above and below the sea surface, with

both active and passive radar and sonar techniques.

Advances in data processing technology will enable surveillance techniques

to handle masses of targets simultaniously. Electronic display techniques

will permit the elements of a military unit to observe the results.

Special signal analysis techniques will improve satellite surveillance

of the sea surface and will increase satellite capability to detect subsurface

activities and foreign objects.

Resea rch will lead to exploitation of ionosphere bounce techniques to

improve 0TH radar capabilities which will add to our overall surveillance

capabi]. ity.

Attempts to discover a sea water “window” through which some form of radiation

may become observable will continue with only slight probability of success,

but with some small incremental increase in our surveillance capability. Associa-

ted with this research will be an effort to discover some form of impedance

matching mechanism with which to detect acoustic activity below the sea surface

from stations above the surface.

Functions of localization and tracking or functions of mission/target
identification

Relevant technological concepts include:

• improvements in bearing, elevation and discrimination
characteristics — both electromagnetic and acoustic;
and improvements in range resolution characteristics
of echo ranging devices.

• Improvements in predictive computational techniques —

using second and higher derivations of target motion -
in order to improve both weapons intercept accuracy
and f idel i ty  of tracks.

-- 
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• Improvement in ability to track agair~st and through
noisy backgrounds.

• Improvements in capability to track large numbers
of targets simultaniously.

• Improvement in ability to accommodate to changes
in medium characteristics — i . e .  changes in sea

water temperature , and therefore changes in refrac-
ti ve and reflection characteristics.

All of the foregoing improvements will contribute to increase in ability

to pinpoint the location of targets and to maintain up—to—date information on

their movements, despite large numbers of targets and despite interfering radiation

and reflection.

Functions of command and control

a. Subsurface operating coordination

b. Inertial navigation

Communications technology will continue to improve command , control,

and coordination of operating units from remote command sites in two major

respects: Control of air, surface and subsurface operations, and reduction of

response time against threats  in all environments. Satellite communication

technology will play a major role.

Coordinated air/surface—ship/submarine operations will continue, but with

an increasing role for the submarine as command and control capabilities improve.

Inertial navigation technology will improve navigation of vessels of all sizes

on, above and beneath the surface of the sea. As activity beneath the sea surface

Increases, the need for installing navigational systems in that region will

increase. Advances in inertial navigation will find broadening opportunities.

Functions of transport/delivery mechanisms

Technological advances relevant to weapons transport/placement vehicles

is leading to developments in a number of areas :

a. Microminiaturization of electronic components.

b. Sophistication and complexity of electronic components

c. Submarines

d. Mines

e. Individual/team operations

f .  Logistic support

g. Hydrofoils
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h. Air cushwn V:~~i ]~~~- (~;u r f a ’ e e t ~~c-r - .h ~~~:;)

i . ‘Jertic1e/ ~;h ~~r t  t a k e - o f f  ar i d  l a n d i n g  (V/STOL) aircraft

j. Near—invi ,~ib le electr-Dnugnetic and acr~u:~ t 1c h u l l  coati  rig

k .  Vessels wi th near - ind i sce rn ib le  magnetic and acoustic ~iqnatur~-~;

Microminlaturization of electronic components promotes u~ dularization of

components such that the basic missions of vehicles may be changed by substitu-

tion of modules. It also promotes reduced size of vehicle , giving rise to

increasing use of remotely p i lo t ed  vehicles (RPV ’s) in the air , on the surface,

and to a lesser extent, beneath the surface. These RVP’s may be programmed and

guided , and used for surveillance as well as for weapon delivery/p lacement .

Sophistication of electronic components leads to improvements in surveil-

lance , detection , tracking,  and command and control to counter the threat of
small missiles agaInst surface vessels. However, this sophistication promises

to continue to increase equipment complexity and represents a counter—trend to

that  of microminiaturization: the more sophisticated equipment tends to be less
rather than more susceptible to modularization and ea.3y substitution of modules.

Advances in submarine technology will  enhance submarine superiority over

the surface vessel as a weapon system transporter and launcher for at least the

remainder of the century. By the end of the century there will be Interest in

surface craft with capability to submerge to shallow depths for short duration

at slow speeds for  concealment purposes.

The technological base for hi gh l y  sophist icated mi l i t a ry  mines will grow.

This base will provide the potential to develop mines which propel themselves,

are remotely controlled , bury themselves In tne 3ea bed and attack selected

targe ts, and are acti va ted and deact ivated f r om external  control s tat ions.  Through

sensitivity to comb ined electromagnetic , magne ti c , and hydrodynamic signa tures
they can be virtuall y sweep—proof. The potential will exist to develop nuclear

powered mines which patrol specified regions for long periods and attack selected

targets, or automatically deactivate upon expiration of their propulsion power.

Individual divers and teams of divers will find greatl y expanded uses,

including ‘; intenance of underwater military facilities and equipment , handling

of tactical weapons, and surveillance patrols of underwater regions. There

will be an improved diver capabilit y to descend to lower depths , to remain submerged

longer, to d ive or ascend rapidly, and to operate under a variety of adverse

circumstances.  * ~
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Underwater logistic support capability will in ur e as e  ~i g n i J i c . ’ i r ~t l ~~.

Underwatcr mass t ransport submarines will begin to make an appearance bl f(,rr-

the turn of the century. They will be able to transport troops, supplies and

equipment more cheap ly and more securely than by air. Underwater maintenance

vessels will service both the underwater installations and the underwater opera-

ting units.

Continued development of the hydrofoil and air cushion vehicle concepts

will  ex ten c~ through the remainder of the cen tu ry and resul t in a s ignif icant

increase in the number of such vehicles in operation in the military forces.

They offer the advantage of high speed and greatly reduced vulnerability to

submarine weapons and to the antiship missile.

Development and proliferation of V/STOL aircraft will continue and will

increase at least slightly the capability cf units above the surface against

units below the surface.

Slight advances may be an ticipated in technologies to reduce the detect-
ability of units below the surface. These are principally in hull coatings

to reduce electromagnetic and acoustic visibility and in propulsion and hull

design to red uce magnetic and acoustic signatures.

Missiles are a growing part of underwater military capabilities. The

technological concepts related to missiles are:

a. Increasinq weapon power—to—weight rat io

b. Improving propellent capability

c. Improving guidance capability

d. Improving fusing capability

e. Using nanunals 
0

Technological advances in the first four areas listed above lead to more

accura te delivery of a given destructive power at targets  at  greater ranges ,
with greater reliability, and with higher kill probability due to more reliable

fusing These advances apply to short range and long range miss i les, projectiles ,

depth charges, shells and hand weapons. They app iy to anti—personnel , anti—aIrcraf t , 0

anti—ship, anti—shore , and ASW weapons . Advances in signal processing lead t

imp r ’~vements in guidance , d iscr imina tion and f~is1ng in smaller packages; advances 4
in combina tions of ele -~~romagnetic techni zes — visual , IR , laser, X—ray, UHF—VLF ,

radar—magn etic techni q i ’ , and acoustic techniques lead ~o additional improvements

in guidance , dls rim inati on. and fusing, including defense against countermeasures.
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The promise of using marine maimnals will continue . More species lirul

greater quantities of marine mammals will be used for spotting, for prot c:t l or i

of divers, and for the various types of uses now conceived . Mammals will be

equipped with internal explosive devises which can 1 :iggered from a remotely
controlled operations center. Such delivery systems will be virtually indis-

tinguishable from natural movement. These will present major defense , surveillance

and tracking problems. The range of uses to which mammals can and will be put

will increase. The equivalent of guard dogs under the sea will likely emerge in

at least some highly concentrated areas. These mammals, armed with sensors, will

make excellent observation units and their cost would be less than submarine

deployment.

Payloads

The ultimate purpose of all underwater military operations is to

deliver certain forms of payloads if, as and how they are needed. The “payload”

is the direct instrument through which the destructive power is exerted. They

may be any of the antisocial technological devices within the various categories

of technology discussed in Chapter 3. The payload device, in terms of size and

scale, Is integrated with the delivery systems/devices discussed above. The

most general trends within payload technologies are:

• Greater precision of destructive power such as
the ability to destroy l i fe  but not buildings
with neutron warheads or payloads.

• Greater power per weight ratios, making it
possible to package the destructive potential
in many different ways, shapes, forms and
sizes.

• Greater control over detonation from remote
controls as opposed to depending upon the “strike” 

0

to trigger the detonation.

Assessment

The same technologies and concepts discussed under surveillance, detec-

tion and identification and under corrinand and control will provide the basis i~or

Improved instruments of assessment.

Self protection and recovery

The technological bases for these functions are also intertwined with

the various technologies already discuased.

4



Logistics

Underwater habitats of long endurance capability are becoming feasible.

It is thus possible to establish underwater military bases both on the sea bed

and beneath it, some fixed, some quasi—fixed , some mobile. Bases beneath the

sea bed will be acoustically invisible. These underwater bases can provide

support for extensive operations, both in the marine environment and beyond it.

ICBM tubes can also be embedded in the sea bed.

Deterrent parity

(Already discussed in connection with defining needed military

capabilities. See pages 2—15 and 2—16.)

Show of power

A long standing and effcctive use of military capability is to produce

a highly visible “show of power” within geographic areas where the political

negotiations are served. Placement of U.S. carriers in the Mediterranean area

as negotiations or threats to various policy objectives within that area

are commonly known examples. However, many of the most potent current capa-

bilities cannot be so mobile. Aircraft can perform “fly overs” but permanently

placed ICBM’s in silos cannot be transported to show force.

Underwater mi l i t a ry  capabilities are also likely to be of a nature which
will  make a conventional “show of force” role d i f f i c u l t .  Many of the capabili-

ties will be such that their secrecy is important to their effectiveness.

Nevertheless, the overall underwater military capabilities will be an

important  part  of the overall capacity. Their deterrent value will depend

upon having at least some credibility to the fact that they exist and can do

what is expected of them.

Logistical transport  and support

(Related technological concepts are discussed in the forthcoming

section on transport. See Chapter 7.)

Defense/securitji U.S. territory

The particular territorial defense objectives change from time to
time. The homeland is the minimum geographical area of concern. But to this area

may be added U.S. territories and possessions and the homelands of U.S. allies.

Nations whose security is considered essential to the U.S. security, such as bord—

ering states of Canada and Mexico, are often included within the U.S. defense concerns.
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The problems of defending against both overt and covert opera t Io,,~: Iii

times of both declared and undeclared hostility up to and including all—out w~r

present important complicating factors. It is no longer so clear cut as a

condition of war or peace. Force must be applied selectively within the context

of a growing variety of international relationships short of declared hostility,

or various forms of declared hostility short of war.

Key driving forces, barriers and obviating factors

The key dr iving fo rces , ba rriers and obviating fac tors which will

ultimately determine how the above technological concepts are developed and

employed are outlined in the designated columns of Figure 2—3. They are suf-

ficiently self explanatory to not warrant further description here. More

discussion on them will follow in the tailored vignette.

TAILORED VIGNETTE

The Role and Nature of Military Power

Ultimately, the nature of underwater military activitics will be determined

by the role and nature of military power, i.e., how it is used by the types of

government and the specific operational capacities it represents. It is there-

fore of foundational importance to a forecast of underwater military activities

that a forecast first be developed of the role and nature of military power.

At its most f u ndamen ta l level , operational mi l i t a ry  power may be defined

as the level of destructive capability which ~ nation ’s mil i tary fo rces can

wield in given circumstances and against giv~n opponents. In this analysis,

such power is termed “antisocial technology .” This term does not imply that

military forces are antisocial; indeed, from the viewpoint of the security of

any nation, its own military forces are very essential and positive social instru-

ments. Neither does the term antisocial technology imply that the underg irding

technologies which make modern destructive capabilities possible are antisocial.

Many such technologies can be used for  ~~e most humanitarian of purposes. How-

ever, it is useful to employ the concept of antisocial technologies as a conven-

ient framework within which to discuss overall military capability and threats

to property and life when such threats are the result of deliberate human action

0 with the intention of destruction or hans. In the military realm these range

I.
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from hand—to—hand combat in which individual prowess and skill and numh~rs o~~t t,i

are the determining factors to long range nuclear devices which can destroy all

l ife and/or property for many square miles .

Those antisocial technologies considered relevant to this analysis are

classified into seven categories which are defined in more detail on pages 3—4

and 3-5. (It is suggested that these definitions be read now.)

The most critical determinants of the role and nature of military power

are a combination of complex and somewhat poorly understood psychological, social,
political , economic, and technological factors. However, for purposes of this

analysis, the most critical questions concern:

• Whether there will emerge an effective concept of arms
limitation, the nature of such limitations and the degree
to which destructive capability resides within the respon-
sibility and control of sovereign governments

• The role which the U.S. and other nations will see for
themselves in terms of overall world military power and
capability, and in terms of their own national military
capability

• The political , economic, and social wil] and capability to
sustain various forms of military power

• The technological and social developments which will deter-
mine the immediate operational military capability of the
U.S. and other nations.

This section addresses these foundational forecasts.

Despite the growing talk about “one world ” and the drive to develop a

“one world economy” and a “one world 8yetem of government,” nationa l sovereign ty
will remain as the dominant feature of internationa l governmenta l structures .

Nation states wi l l  relinquish such sovereignty only in highl y 8elected and
specialized circumstances , and then only to the degre e and for  the time which
they perceive such relinquishment to be in their own best national interest.

For several decades many western intellectuals have advocated the need

to perceive that the era of the nation state and concepts of national sovereignty

in many areas of world affairs (especially in the possession and use of military

forces) must be supplanted by some effective form of world governmental structure.

Such structures generally would relegate to an international or world govern—

mental institution certain powers in a similar manner now employed between the 0

various states and the federal government within the U.S.A. 
0
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Intellectual and political leaders of other cul tures havt~ ~~~~ ~n’li vJ

a one world government is indeed desirable, but that it should be ach h~v~ d

through world conquest.

Still others contend and act on the premise that enlightened interest is

important, but that in the final analysis the nation of which they are a part

is the highest sovereign allegiance for which it is reasonable to be committed.

The League of Nations and the United Nations are the most notable modern attempts

to operationalize some form of effective international/world governmental struc-

ture. Since the formation of the United Nations, we have seen nationalism rise

rather than fall. The ending of the colonial era has brough forth many new

nation states, and with few exceptions, the older nation states have continued

to perceive themselves as sovereign powers and are unwilling to relinquish

sovereignty to a world government structure. We see no reason to believe that

these deeply held values will shift to a degree as fundamentally to change this

situation during the next two decades.

Another dimension of effort along the lines of achieving world order and

the “ef f ect ” of world government has been to rely upon a network of international

agreements and a balance of overall military power/capability largely restricted

to two major power blocks led by the United States and the U.S.S.R. This arrange-

ment came to be conceptually formalized by the term “a bipolar world.” Since the

advent of nuclear power and the cold war arms race dating from the early 1950’s,

this rather informal arrangement has been seen as the principal instrument of

world order. In this type of arrangement, the U.S. has seen itself as a major

world power responsible to be the leading power of the “free world.” In general,

required levels of military power have been defined as a determinant of what was

estimated to be the capabilities of the U.S.S.R. and of other defined potential

opponents.

Until the 1960’s, there was little significant challenge to the proposition

that the U.S. carry the major responsibility for military development and capabil-

ity even in collective regional security alliances as the North Atlantic Treaty

Organization and the Southeast Asia Treaty Organization. Thus, the nations of
0 

the world gathered largely under the collective “nuclear umbrellas” of the
bipolar world.

The early contentions that such an arrangement could be effective through

only the retention of “strategy parity” which was actually more properly con—

ceived of as “nuclear parity” were soon frustrated. The proposition that the

10 ~~~~~
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nuclear age had rendered war to be an i ne f f ec t ive  me~1nb 1,1 ,. ,,, I,, ,~ 1 , 1  I ,,,~,I

object ives , and that war could be averted by the clear superiori ty ur td p ’.I ;i ,

parity of strategic (primarily nuclear) arms soon was replaced by tin-

that a nation having only the nuclear capabi lity of total destruction wh ich

could not be used was not secure, because it could not defend itself along the

entire range of military capabilities. Hence, the U.S. strategy shifted to one

of balanced force mix in which conventional and nuclear and other capabilities

were retained along the entire operational continuum of antisocial technologies

which were likely to be employed against the U.S. or its allies.

Recently, it seems clear that the bipolar arrangement as a means of

governing world order is eroding, and that a more diversified multipolar world

is becoming a reality. The particular alliances and power blocks which ultim-

ately will comprise the important nuclide of this multipolar world are not yet

clearly defined. It is most likely that these lines will remain hazy for some-

time to come. But it does seem clear that the drift toward a multipolar world

is more prevalent than is the drift toward a unified world government.

It is our view that the network of dynamics underlying these overall

trends and developments will continue to function toward national sovereignty

and selected collective pacts of nation states rather than toward relegation

of sovereignty into a formalized world governmental structure.

As the multipolar world emerges, there wilt be a general proliferation of
world military power . The “nuclear rr~onop o iy ” will be eroded in two senses:
the pro l iferation of nuclear power i t se l f ,  and the emergence of a varie ty of
other forms of antisocia l technology which can give nations the equivalent
destructive effectiveness of nuclear power. Thiø latte r situation might be
termed the emergence of “non-nuclear stra tegic pari ty .”

One of the key driving forces to the multipolar trend is the emergence of

former colonial territories as nation states coupled with the fact that more

nations are moving fur ther  up the scale of economic development. The fact  tha t

the world’s basic supply of natural resources is dwindling in some of the more

advanced economies requires these nations to increasingly procure such resources
0 from the less developed economies. Petroleum is but the better—known example of

a growing list of these resource dependencies of the advanced economies, especially

of the U.S . ,  Western Europe , and Japan . These trends are giving many nations a new

- 
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means of actually converting their resources to cash flow, or effectively capital—

iaing their natural resources. These nations are, in turn, int’~reJ ted in acquri—

ing military capability along with their economic development. Thus, we find an

overall worldwide trend of an arms’ industry growing as a major economic sector

in more and more countries. Therefore, the world arms are proliferating both

on the supply and consumption spectra .

Concurrently with these developments, the technological monopolization is

eroding the most important technologies. This monopoly accrued naturally because

the developments were at the leading edge of the technological arts and were

known and knowable by but a few leading experts in the countries developing these

capabilities. More and more of such capabilities are now a normal part of the

technological art8, and they are known or knowable to more and more persons who

are technically qualified.

If one perceives military parity as the capability to render mutual levels

of destruction up to an including the destruction of an opponent ’s economic,

social , and physical capacity to exist as a nation state , then there are an

increasing number of ways such power can be acquired. Thus, the nuclear monopoly

as the sole instrument of world strategic parity is eroding. For years there

have been other alternatives, but they have not had the visibility. Chemical and

biological concepts of warfare and antisocial technologies are already capable of

development to points whereby they can represent at least the equivalent of nuclear

capability. Such agents of destruction can be developed and delivered less

expensively and more clandestinely. The affixing of responsibility is more

difficult , and in some cases impossible.

While there will be limited success in specific arms limitations , there

will not be a successful and effective structure which will reverse the above

above proliferation of military capability. The military capabil ity pro lifer-
ation will continue not only in terms of the number of potential actors , but
also in terms of the range of potential actions which may be taken .

Current agreements among the USSR, the U.S.A. and other leading nations

ban further development and production of certain forms of chemical, biological,
and nuclear capabilities. International agreements are enforceable only so long

as all parties continue to see that it is in their best interest to continue

as a party to the agreement. In general , the history of international pacts

has not been one of long—term success. Given the fac t tha t all nations of the

world are not formally included , and that some of these nations are likely to be

interested in some form of “nonnuclear equivalent” to strategy pari ty, and that
- 
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nuclear arms of the large—scal - mass—destruction type may be somewhat limited ,

and that this in turn may rele~ise resources for development of other alternatives,
it seems that the only real hope for  a reversal or arrestment of the overall

arms race is a worldwide voluntary abstention. So long as any nation continues

to push its military capability ahedd of others, there will be a continuation of

the arms race in some form. The next plateau of the arms race is already outjined .

It will involve much more powerful weapons (qualitatively so) across a much wider

spectrum of operational capability (see Chapter 3 on “Antisocial Technologies”)

deliverable in much smaller increments or packages and in a much more diverse

number of ways.

The U.S. will continue to see i tself  as needing to f u l f i l l  a role as a
leading world power, and as needi ng to re tai n an effective and powerfu l military
capability as a de terrent to aggression or as an effe ctive defense agains t
aggression at every level it is likely to be encountered. This means a combi-

nation of defensive and offensive retaliatory capabilities will be sought which

will be second to none in the world. The emerging debate of whether the USSR

is achieving military superiority over the U.S. is a manifestation of the fact

that the U.S. perceives this trend as an important aspect of national policy.

Given the preceding forecasts of the nature of overall structures through which

to impose or fa i l  to impose world order , we see no reason to believe tha t ul t imately

the U.S. will not continue to see a need for overall military parity.

The techniques for calculating parity will continue to be expande d to
incorporate overall “military pari ty ” at various points of the spectrum of
mi litary operationa l capabilities. This wilt lead to the ultimate decision
tha t the U.S. must remain effective against any and all potential enemies and
to be able to recounter at any point of the spectrum. The result of this con-

cept and definition of parity is already in effect in the current concept of

balanced forces not only in terms of air, sea, and land capabilities but also

in terms of conventional and nuclear or strategic warfare capabilities. As the

range of potential  enemies and their scale of operations is br oadened , then the

implications of these definitions will become more significant.

Thus, the U. S. will continue to see the maintenance of mili tary capabili ty
to be an im’port ant ins trument of its own nationa l po licy and securi ty as well
as tha t of her al lie8 and of the world in general. Although the actual enp loy-
ment of such capabilities may become nvre cautionary and reluc tantly used, the
capabili ty for  employment will be a continuing high nationa l p riori ty. The
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determination of the required level of capability will pri marily evo l ve from
the application of the concept of “military pari ty .” There will continue to be

hot national debates over the relative allocations of the nation’s economic

resources between military and nonmilitary or defense and nondefense. But in

the final analysis, the principal criteria for determination of the economic

resources to be allocated to the overall defense capabilities will be the

perceived threats to national military security and the defined capabilities

necessary to encounter effectively such threats. It seems most likely that

future developments will result in rather significant increases to the current

levels of military expenditure. The political dynamics of the U.S. will swing

toward making such allocations even if they represent significant proportionate

increases in the defense segment of the GNP. In terms of the economic well—being

of the general populations, such expenditures will facilitate employment, technolo-

gical advances and development, and overall economic stimulation. These expend-

itures also will require that shifts be made in other national priorities. In

the final analysis, in the mid—to—late 1980s, the threats of a lag in military

capability will be perceived in a general popularistic manner; the gap in such

capability will be more precisely defined and seen to be a clear and present

danger. These are historically , and will continue to be , the key factors to

mobilizing the political dynamics which will result in the needed priorities

to amend any military lag.

This forecast also is based upon an underlying forecast about the strength

of the U.S. economy. Even though there will be shif ts, the U. S. economy will
continue to be one which is sufficiently strong to undezvr ’ite the needed military
capability. It will continue to be technologicall y intensive in character
(diBeuseed in various de tail in subsequent chapters ) and it will continue to be
one in which overall technologica l leadership is seen as a corners tone of nationa l
development and the retention of continued economic development in both a quali-
tative and quantitative sense. There are further details on these basic issues

J - ~ subsequent chapters. The current debate over the degree to which technology

enhances or impair s quality of l ife will cont inue and will af fec t the way in which

future technologies develop. Technological assessments will grow and be used

in an increasing number of ways. Arguments that the world should disarm itself

and in fact should deindustralize itself or at least arrest the exponential curves

of growth now being experienced as a result of industrialization will also continue .

H
2-29

— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - — -

~~~

— — - 

~~

— --  

~~~~

— 

-



But there are no basic indications which would lead to a persuasive r.au~• II,;, i

these arguments will result in any significant changes within the structure ol

technology and of economics. The reasons are outlined above for how the ultimate

results will emerge in the area of the role and nature of military power.

The Role and Nature of Underwater Military Capability

Within the overall framework developed above, it is now appropriate to

turn to a more specific and direct examination of just how underwater military

capabilities will fit.

The overall importance of military operational capabilities within the
marine environment in general and with the underwater environment in particular
will increase . The need for securing supp ly lines for  critica l resources flow-

ing from among nations separated by seas and oceans is growing and will continue

to grow. The complexity of securing such supp ly lines is also growing and wil l

continue to do so. The vulnerability of and expense of delivery systems for

land- to-land intercontinental weapons also is growing and wi l l  continue to grow.

These and re lated trends and developments which they stimulate will re8ult in

an expanding demand for the ra nge and type of military capabilities within the
marine environment and within the underwater environment.

It seems clear that future technological developments will change some

fundamental doctrines of marine—based military capabilities which are corner-

stones of current U.S. strategy and planning. Some of these shifts will emerge

in terms of increasing ranges and scale and type of military capabilities needed

within the marine environment. The others will be of a type which will tend

to make the underwater military capabilities a much more important component of

the overall force balance. Effective antiship missiles and comprehensive surface
surveillance systems will move into the state of technologica l capability and
will be clearly demonstrated. The results of this development will be a pro-

found reassessment of the security and effectiveness which can be afforded by

a navy based essentially upon a surface operational capability. This reevaluation

will extend to the security which can be achieved for the transport of critical

military supplies, personnel and materials via water if that transportation is

attempted in surface vessel.. A combination of surveillance capabilities plus

destructive devices capable of total vessel destruction (such as small nuclear

devices or their equivalent) deliverable in a variety of relatively low—cost
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and highly  e f f e c t i v e  network and alternative delivery system options will converge

to make this reassessment become a matter of major nationa l debate. The Informa-

tion will be commonly known and the debate will not be restricted to the Pentagon

or legislative and executive branches.

Underwater alternatives to surface operations are increasingly evident

in terms of forecasted technology which would be possible to develop. Large

submarine cargo carriers operating at greater depths and over long distances

and the entire range of technologies discussed elsewhere in this chapter illus-

trate the point. The underwater area will continue for at least several decades

to offer both a more effective “protective cover” and a more defensible mode

of operation.

Given these technological opportunities, which will become much more clearly

defined by the early to mid—1980’s, some nations, including the U.S., will begin

to place a high priority on developing their underwater capability. Thi8

development will act to stimulate a new and major sector of the arms race,

i.e., the securing of military superiority and parity will be seen as requiring such

superiority and parity of military capability within the underwater environment.

The ultimate result of this will be that traditional naval strategy and tactics

wi l l  sh i f t  f r om p rimary reliance upon surface based military capabilit ies to

primary reliance upon underwater military capabilities for  security agains t

those opponents capable of threatening offs hore resource s and economic opera-

tiorw and also for  the effectiveness of the more tradi tiona l nava l role of sec-

uring the sea lanes for transport and conducting tactical operations .

Despite the overwhelming force of logic in support of the shift of primary

reliance upon surface forces to reliance upon subsurface forces, two very power-

ful factors will inhibit this shift. The first is pragmatic; it includes the

high resource cost of vehicles capable of subsurface operations, and the tech-

nological difficulty of command and control of forces operating beneath the

surface. The second inhibiting factor is less tangible; military tradition

which will continue to exert pressure toward “conventionil” air and surface

forces; the conventional wisdom of federal politics in the executive and legis-

lative branches which can be expected to resist so drastic a change; and , overlaying

both of these, the psychology of sunk costs which will exert resistance against

“wasting” resources already invested in the more conventional force structure.
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The effectiveness of the antiship missile has driven the U.S. Navy m u ,

a large—but—few vs. small—and—many dilemma with respect to its composition of
combat units. The high cost of production further exacerbates this dilemma.

Miniaturization and microalniaturization technologies have led to the capability

to package highly effective systems into relatively small units, but at a cost

which limits the number of units. Thus, the convergence of these forces, plus

pressures described in the previous paragraph, are forecast to lead the U.S.

Navy to an overlapping step as it begins to acquire the major portion of its

capability as a subsurface force; this is the acquisition of additional surface

forces of reduced unit size. This investment over the next several years may

further delay acquisition of the optimum force composition——the subsurface operating

force——because, again, of the inhibiting effects of tradition and sunk coat psy-

chology.

As is discussed in more detail in Chap ter 3, the problem of discriminating
whether a threa t is presen t, and whether the threa t has resulted from a for eign
military or nonmilitary source will become an increasing ly intractable problem.
In an increasing number of areas there ultimately will be a merger of opera-
tiona l responsibilities for some areas of protection and surveillance which
have charac ter istically been much more clearly definable as either military
or nonmili tary in character.

It is against this overall backdrop that the forecasts related to specific

underwater military activities must be developed. The following paragraphs now

turn to how we expect these specific activity areas to emerge.

Submarines as Weapons

When the evolution of naval forces hag reached the stage which we have

forecast in the preceding paragraphs, we may expect the number and types of

military submarines to be increased significantly. We foresee the following

general types in operation:

• Strategic Long-range Ballistic Missile (SLBM ) submarines
with greater depth, range, firepower , sea-keeping ability ,
and manpower efficiency than today ’s SLBM submarine , but
otherwise of the same general characteristics.

• High-speed , deep—diving attack submarines with increased fire-
power for use against both surface ships and submarines

• Smaller special purpose submarines of shorter range and with
somewhat less firepower utilized in shallower waters over
the OCS in defense of U.S. assets in the subsurface region of
the marine environment. There may be several varieties of this
type to conform to the specific requirements and configuration
of U.S. assets. Some may be primarily for patrol and surveil-
lance, some may be equipped to intercept covert entrance into a
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region , some may be configured with heavy firepow~ r I~~r
perimeter defense , and some may be specially fitted to

neut ralize terroris t  or other smaller scale antisocial
in t rus ions

Technological advances will lead to increased effectiveness and efficiency

in all of these submarine types. Ultimately a command and control network of

high effectiveness in the subsurface region may be developed which overcomes the

opacity of sea wafçr to the mechanisms of surveillance (see su1bsection below

on “Underwater Installations”), but this will not be beyond its early stage by

the end of this century

Operational e~e~~ind will promote development of at least prototype craft

~iith capability to operate effectively beneath, on, and above the sea surface .

By the end of the century onl y the more technologicall y advanced nations
will have acquired even pro totypes of the Bophisticated vehicles described
above ; however, many nations wil l  have acquired the capability to opera te divers
and teams in and with small aubmersibles in the relativel y shallow waters over
the OCS, and in the regions in which entreneurs hip has establishe d resource
exp loiting asset8 . These developments are discussed below.

Min es as Subsur face Weapons

By the end of the century , technologica l inrprovementa in subsurface survei l-
lance and coriinand and contro l will not have advanced suffi ciently to per mit dis-
crimi natory and se lective contro l of mine de tonations. This means that mines

will be used only in waters prohibited to our own forces. A nation may decide
to use mines to deny access by other nations to their regions and their resources.
Thus , mine deployment will be attractive to Third World nations without capability
to develop subsurface resources of their own, but with motivation to prevent
resource deve lopment by others , or to destroy eubsurface assets already in p lace .

The types of nine potential payloads include:

• Moored mines of the conventional type

• Self-propelled mines which activate from either a
mooring or from beneath the bottom

• Wire-guided mines that either home on targets or
are guided

• Mines with conventional , small nuclear , chemical, or
biological payloads, or some other form of destructive
agent
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• Mines which re.Z y on natural forces for delivery——
such as ocean curren ts, wind , or a combInation of
these

Indivjduals/~e~~g

As the subsurface ccinp texes of assets de~o ted to resour ce extraction and
exploita tion grow, individua l divers and teams of divers will be used in an
increasing amount. Diving equipment and diver capability also will be signi-
fican tly improved to enable diving to grea ter depths , with more f lexibility
of movement, and increased capabi lity to opera te in adverse weather and sea
state circumatancea.

Divers and teams of divers may be expected to operate from underwater
installations and perform a variety of functions, including:

• Surveillance

• Security patrols

• Maintenance and repair

• Law enforcement

• Communications between underwater installations

Underwater Installations

At least same underwa ter installations may begin to app ear. They will be
a combination of fue l storag e , weapons s torage, and storage for  various other
supp lies which will per mit underwater docking for  refue ling, reaming and
reoupp ly ing underwater operationa l vehicles . In addition, there may be some
underwater work stations for  nuintenence activities and dispa tch centere, for
rescue dispatch , and for Various other p urposes.

Same of these ins tallations may be fix ed to the ocean bottom, but most are
exp ected to be semi-fixed in much the way a house trai ler is today . This mobility
wil l  permi t changing pattern s of defense agains t covert antisocia l activity.

By the end of the century, the number of underwater installations will
be small, but with clear indications of their potential and their probability
of further growth.

By the late 1990 ’s, it will be p ossible to f oresee c learly a s tep f orward
in underwater surveillance and coninand and control oapability, based upon op er-
ating uni ts in underwater ins tallat ions. Acoustic transmissions are the only
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known and foreseen effective mt’chanlsms for ijridcrwater ~mrveil1 ;inre aid command

and control . The monitoring of sea water temperature and salinity character-

istics will be advanced sufficiently to permit computation of sound propaga-

tion behavior in a specific region. Computational technology in real time also

wi l l ad vance to permit prediction of sound ray and sound beam behavior , and
the reby permit accurate localization of ta rgets  through triangulation from

seve ral underwater acoustic l is tening s ta t ions .  Coded transmission of acoustic

signals to operating units then will be possible and enable underwater control

stat ions to guide submarines and other submersibles to targets, without these

operating units themselves revealing their own positions.

Underwater Logistic Support

Mass transportation of troops and supplies gra duall y witi ‘become economic-
al l y fea siole, so tha t by ~he end of the century there wi l l  be clear evidence
of’ i ts . ‘t~rnergenc~ as ,a v”ita l factor in underwa ter a’ctivit~ea. Underwa ter tra nâ-
portation of iarg ~ voiwnes w i l l  provide greater’ securi ty than surfa ~e trani ’:portation
under hostile conditions and will  be more economica l than air transportation . Thus,
l~zrge transport submarines wil l  begin to be operationa l by the end of the

• cent ur~y .

In addit io n to use of the underw ’ate r reg ion fts a transport medium , logistics

ac t i v i t ies  wil l  incl~ude support of underwater military qctivities themselves.

This will take p lace through submerged su~r inrine tenders and supp ly ships
thpable~ of submerged dncking and other ~interactions with underwater ins ta l la-
tions and craft .  -

Surface and Land Based Weapons Systems Interface -

The linkage between underwater weapons systems and surface weapon systems

is well established now and will continue, though declining as naval forces are

moved to the subsurface reglon~

Coordination relationships between subs’urface weapons systems and land

based command and control stations and land based weapons systems will grow

as subsurface systems proliferate. Land based missiles will be capable of
being guided into the water to seek subsurface targets. Ultimately,  missiles
will be launched from land , enter the water at some prearranged distance
from th ’ targe t, then exit the water fo r  f i n a l  attack on targets. The sea opacity
thus wi l l  be used to screen the missile during its last leg of transit toward
its target.

2— 35

__________ -,‘—-..  — --‘—l’—-—_____—- ---. - - - —



At some stage in future development , it will be possible to fire weapons

from beneath the surface against tactical land targets , analogcr ’~ to naval gun-

fire support today. As discussed above under “Underwater Installations ,”

significant developments in command and control technology will be required

before this can take place.

4ir Based Weapons Systems Interface

In’ principle the same considerations apply to this in terface  as to the
in~!erface between subsurface and land based weapons systems Command and
con trol technology a~ v znces will lead to improved coordination between air
and subsurface  operating u n i t s .

• Surveillance ~nd Monitoring

The irrpenetr czbility of sea wa ter to surveillance mechaniama--eiectrorrag-
neti , magnetic, and acous tic--will persist into the next century and make
aub Burface surveillance a moat challeng ing technolog ica l problem. Techno log ica l
adv~znces will center around the effectiveness with which sea water transmits

- souna, and wil l  address improvements in the accuracy of locating targets , and
in the identifi ca tion of targe t types .  Progress is forecast to be s low, but
the increases in the populat ion of unde rwa ter units will  render related research
of nighest priori ty . I t  will be of utmos t importance to detect and track every
p ossible potentia l mil i tary threat tha t enters the region.

One of  the n708 t acu te surveillance problems will  be to determine that an
aggressive action has , in fac t, taken p lace . Successfu l covert action will be
likel y to mask activities in such a way as to make it very dif f icu l t  to ascertain
causes of damage or interfe re nce in opera tions.

‘I

Advances also will -take place in surveillance countermeasures; decoys and
other masking mechanisms wi l l  be deployed along with attac k units to increase
diff i culty of de tection and tracking.

Advances in data processi ng technology will pe rmit real-time display of
entire regions showing virtually all ac tivities taking p lace in the region.
These disp lay sys tems wi l l  be p laced in a wide vari ety of locations for use
by all echelons of military con,nand.

I
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Research and Devel2prnent

All areas of R&D related to the categories discussed above will be

intensively pursued. In addition , the m ilitary R &D will he •oordinated with

increased nonmilitary R&D on the unth’rwater environment.

Marine Mammals

The po ten t i a l  of the use of m a r i n e  mammals will  c o n t i n u e . More BDe cien

and greate r quanti ties of ’ marine manvnals will be user! for ~pottin g and for
protection of divers .

Manvzala will  be oqui pp ed with internal explosive devices which can be

triggered from a rerno~ely 
(
~ontrolled operations center. Such delivery systems

will be virtually incJi~itinguishable from natural movement. These will present

major defense, surveillance and tracking problems .

The range of uses to which mammals can and will be put will increase. The
equivalent of guard dogs w’zder the sea like ly wi~7-l emerge in at least some

hi gh ly  concentra ted areas . Armed with sensors , these man~nals will make excel-
lent observation units at~ a much more reasonable cos t. than would he the case

with underwa te r vehicles .
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CHAPTER 3: PROTECTION OF PROPERTY AND LIF !:

DEFINITION

This category includes the protection of offshore assets and human life

from :

• Extra—legal applications of antisocial technology from
other than military agencies against nonmilitary targets.
Included are such activitie., as terrorism and industrial ,
commercial and economic sabotage .

• Natural disasters such as of fshore earthquakes , volcanic
erupt ions , hurricanes , fog , etc.

• Major accidents involving threats or damage to property
and l i fe ,

• Search and rescue operations .

• Salvage act ivi t ies .

Spec i f i ca l ly excluded from t reatment  here , though they are a part of the

overall system, are such activities as regulation , standards , inspection and
related enforcement. These areas are discussed as separate activity categories.

Additional exclusions are accidents or other events resulting in pollution

of the underwater environment which do not pose an immediate or highly probable

lethal danger to property or human life. Polluting events as conventionally

described , such as oil spills, municipal wastes, etc., are included in Chapter

8 as a part of the activitie.s involving injection of foreign elements from man ’s

activity.

BACKGROUND

Marine history is replete with the importance of protection of offshore

property and life. Development of reliable maps and charts, of systems of

navigation , of lighthouses, and of many other features of the contemporary

marine environment testify to the importance placed upon this function.

The overall clima te of protection will be particularly dynamic. The

fo l lowing major f eatu res of th i s  climate form the backdrop against which to

forecast underwater activities in this category:
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• The combination of increasing offshore investments ,
developments in antisocial technologies, and overall
political/economic developments will make the threat
from nonmilitary aggression an area of rapidly grow-
ing concern.

• Improved techniques of predicting natural “catastro—
phies ” which pose a threat, combined with the growing
range of offshore activities will make attention to
the effects of natural catastrophies more diversified
and important.

• The increased activities plus various other develop-
ments in marine vessels will make concerns for major
catastrophic accidents more prevalent.

• At least several major catastrophies will occur within
the next decade. These incidents will spur both atten-
tion and concern to a higher level of public visibility
and demands for effective protection. The reverberations
of these demands will be felt throughout the entire range
of protective functions.

FUNCTIONAL SYSTEM

The funct ional  system for forecasting activities in this category is

summarized in Figure 3—1. There are three basic components of the system:

• Objects of threat: persons, offshore property, coastal ports/
personnel and inland ports/personnel

• Sources of threat: nonmilitary aggression , na tural forces ,
accidents, and irresponsible, uninformed , or otherwise
unsaf e human behavior

• Systems of protection and recovery: threat recognition , defini-
tion , and assessment plus the capacity to execute appropriate
responses

The protection and recovery of activities are executed withtn the context

of three basic time frames:

• Preventive; steps which preclude a threat from occurring

• Proactive: steps to intercept a threat and negate any
damage occurring from it

• Reactive: steps to neutralize or reduce the effects of
an event which has rendered damage

-_____________ - 
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F I G U R E  1 —  I : OI’ERATIO N AI .  SYSTE M : PROTECTION I’RUPEHIy Ar ~ ~ii~-

SOURCE OF THREAT YSTEN OF PROTECTION AND RECOVERY OR 1 1 ( 1  01 IIIRLA I

• AGGRESSION THROUGh POTENTIAL . OFFSIIURI: PKUI’LKIY
OR ACTUAL APP1.ICAT IOI4 OF PKEV EI.TIVE PROACTIVE REACTIVE
ANTISOCIAL TECHNOL(;I ES ‘lODE MODE MOF)E
(I.e., INSTRUMENTS OF . OFFSHORE PERSONS

DEL I BERATE DESTRUCION)
THREAT RECOGNITION . DEFINITION, AND

ASSESSPIENT . COASTAL PORTS/PERSONNEl .
• NATURAL FORCES/DISAST ERS

CAPACITY FOR APPROPRIATE 
• INI~~ND PORTS/PERSONNEl.

• ACCIDENTS - ~‘ 
I.,

• IRRESPONSIBLE , UNINFORMED ,
OR OTHERWISE UNSAFE -

BEHAVIOR

GEOPHYSICAL PERSPECTIVES

There are no intrinsic geophysical boundaries to protec tion activities. They

are required wherever objects and sources of threats may converge. There are,

however, some general principles worthy of notation:

• Protection of offshore fixed facilities will be clearly
definable by where those facilities become located. A
review of the probable distribution of activities requir-
ing such facilities within each of the other chapters will
give a good picture as to the probable distribution of
this aspect of protection.

• For some forms of antisocial technologies, natural forces
such as wind and ocean currents may become a component of
the delivery system. Related protection activities can be
charted in terms of the geophysical patterns associated
with these natural forces.

• Threats arising from natural phenomena/forces such as storms,
fog , and earthquakes also are generally related to areas of
higher probability. These areas are determinable either from
historic patterns or from the association of the natural fac-
tors related to each type of threat. Such geophysical condi-
tions vary with each threat, but they can be plotted in a
reasonable manner.

• Salvage operations largely are limited to the areas of con-
centrated activity, either of fixed or mobile facilities.
Transportation corridors, fishing waters, and various other
locales where activities are centered are the determinant
factors. Of course, random events can occur almost any—
where, leading to the need for search capabilities more
usually associated with rescue functions.
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The detailing of the elaborate network of threa t —i ~iu ’r I I  l~ R’ ”h’. ’ ;I l . I ,14 ~iI

probabilities is beyond the scope of this stud y——tho ugh it is Iea ’31lJ11 l u  eli. .

For purposes herein, we can relate the geophysical perspectives associ;,l~’d

with protection activities through review of the geophysical perspectives dIH—

cussed in each of the other categories.

TAILORED FORECASTS

KEY CONCEPTS

The basic concepts relating to this forecast are outlined in the first

column of Figure 3-’2. Basic concepts associated with objects of threat out-

lined in the operational system are discussed as appropriate in the other

chapters dealing with the related categories of such activities.

Antisocial Technologies

Antisocial technologies may be defined as the range of capabilities

to render destruction or damage in a deliberate manner to a specific target or

object(s). There literally are thousands of definitive techniques or instru-

ments which can be applied in an antisocial manner. A comprehensive discussion

of this entire set of technologies/techniques would require several volumes and

is beyond the scope of this project. However, the techniques/technologies lend

themselves to classifications for which the major highlights can be outlined.

These highlights suffice to set the stage for a realistic underwater activities

forecast.

• Explosives are being continuously developed and perfected.
Small scale devices with nuclear capability are commonly
expected. The general pattern is for more power to be
packaged into smaller units. Smaller units than those
in current use will have major destructive potential for
a given vessel or offshore facility. This reduction of pack-
aging size opens the ways in which such devices can be
delivered. A small explosive device may be attached to or
imbedded within marine mammals trained to “home—in ” on
certain types of targets, Camouflaged mines appearing to
be natural forms of l i fe , plants , or floating objects may
be placed into well—charted ocean currents or movement
patterns to be detonated either electronically or upon
contact with the end object.

• Radiation may be employed in a variety of complex ways.
It may be used to alter genetically the marine life forms,
presenting direct threats to the marine agricultural
activities. It may be emitted consistently at very low
levels, hardly distinguishable from natural radiation,
into populous fishing grounds , using the marine l i fe  as j
carriers of radiation into human diets , and hence threat—
ening large population groups in almost nondetectable form.

__________ - —
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These types of threats may promote fear  i n t o  Ix~rsorIs,making them unwilling to consume marine life and agri-
cultural products. These threats conceptually are used
largely as a means of either disrupting the marine agri-
culture or endangering human life.

• chemical agents (such as various acids) may be used to act
directly against property, against personnel involved in
offshore operations and/or against marine plant and animal
life. These chemical agents either may be used in a direct
or indirect fashion. The most extreme concepts for the
utilization of chemical agents suggest changing the chem-
ical composition of the ocean to render the entire marine
environment a hazard in specific localized areas .

• Biological agents and actions may be directed in many forms.
The implanation of disease generating organisms can occur
against either human or marine plant and animal life .
Genetic developments offer potentials of new species or
alteration of the generational genetic strains of marine
life in ways to impair the integrity of the life form and
its economic utility. Incompatible species which may be
predators upon various forms of desirable marine animal
and plant life can be introduced purposely as instruments
of destruction.

• Abilities to modify and/or control natural forces are
emerging in a number of areas. Climatic modification
and limited control is one such area. Prospects of
triggering earthquakes and other geo~~ysical erup-
tions represent other areas.

• Behavioral control technologies whereby either human
or other forms of animal life may be “programed” to
perform various actions up to and including personal
sacr ifice of life are a growing body of science and
are now emerg ing into the arena of applied technol-
ogies.

• Forms of delivery systems expand and change rapidly
as available instruments for transporting and tech-
niques of destructive potential are developed. These
include mechanical delivery systems such as remotely
controlled submersibles, camouflaged and directionally
controlled mines, marine mammals implanted with a
destructive device who then carry the device to its
point of application. The integration of mechanical
and natural systems as a component of a delivery
system is also conceivable. In this circumstance,
as the patterns of ocean currents and movements be-
come more fully known, it will be possible to utilize
them into various mechanical devices as integral coin—
ponents of a single delivery process.

Preventive measures, detection techniques, and appropriate means of assess—

ment and response are increasingly important and highly difficult yet necessary

to confront the threats from nonmilitary aggression.
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Natural Forces/Disasters

The natural forces which can present threats to underwater e n v i r o n m e n t

are of several types:

• Climatic forces, such as hurricanes, fog, temperature,
and various other weather phenomena

• Geophysical forces, such as earthquakes, volcanic
eruptions, the rise and fall of land masses, and
other shifts in the earth’s crust

• Oceanic forces, including tides, currents, waves, and
various other physical movements of the marine
environment

• Marine life, including dangerous species such as sharks,
and predators on commercial marine life, and intrusion
of undesired plant life

Major research efforts are being directed at intensifying the capability

of predicting when, where, and at what force natural threats to property and

l i fe  will arise. This predictive capability will enta il a related require-

ment that such knowledge be employed to improve protection.

Beyond the concepts of prediction, lie concepts of humanly engineered

modification and control of the occurrence of such natural phenomena. Stimula-

tion of retardation of fog, hurricanes and other storms, of earthquakes, and of

various geophysical shifts are coming into the realm of technological potentials

which are now being defined and explored.

Accidents

Accidents are classified into those involving transportation and

other vessel movements, and those involving other forms of functional activity.

The basic concepts related to accidents include:

• Factors which will determine types, size, and nature of
vessels and other hardware found in the marine environ—

• Factors which will determine the number, traffic, or use
patterns and timing of the use of such hardware and
facilities

• The type of navigational, traffic, and mo~ ement controls
plus the various other forms of required safety specifi-
cations and regulations

Discussion of these concepts appears within the relevant chapters dealing

with the categories of activity to which they apply.
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tins -i f~ ~~i vi or

h ia f t ~ei~avior may stem from I ~compe tenc e, igno rance , irresponsibility

or neg1i~;ence. Var iou s  co’irses of ct i o  are ava i lab le  w i t h  w h i c h  to cope w i t h

the potential threats of unsafe behailor They include training and certifica-

ti on prograas, troffic control , weat er Info rma t ion and communications of unsafe

c o nd it t o n s  to a l l  persons operatin g ~. i I th i n  the marine environthent, and sanc tions

for law enforcement ac t ions against persons acting irresponsibly.

Protection from unsafe behavior can be achieved partially by appropriate

design of engineering equipment. Careful attention to equipment specifications

makes for safer opera tion of marine related vessels and hardware . Buffer zones

and other forms of geographical restrictions also are importan t i n s t rumen t s

through which to deal with this ser of~ problems .

Preventive Systems of Protection and Reco!~~~

The most desirable means of pro tec ti on is to preclude succes s fu l ly
the emergence of a threat in the first place . Concepts related to prevention

include:

• Naviga t wnai systems and aids in~ J uding el .ectronic , visual , radio
or sonic , radar controlled , buoys , satellite trackinq stations;,
and various other  forr s of de tect ion  systems

• Movement control , inc lud ing  sh ipping  lane  designation , o f f — l i m i t s
a reas , r r 2 c t r i c t ed  usage w i t h i n  certain areas or under cer ta in
condi t rOris

• Zoning , i .e . ,  the s e t t ing  aside of various areas w i t h i n  the
rf ld r in e  e nn r o nm en t  for t~e r ta in  uses , along w i t h  the prohibi t ion
c,f ce r t a in  ot~ er uses

• S~ ij r d a r d s  and r eyu la t i’ r is such as the development of operat iona l
spe ci fica tions for personnel and equipme nt, and the back ing of
these specifications with appropriate legal penalties which will
ensur e their  appl ication

• S u r ve i l l a nce/p r e d ict i o n  inc lud ing  the many forms of surveying
the marine environment te determine both human and natural
a~: vities and activit~y patterns

• En f o r c e ment c r e d i b i l i t y  such as the perceived capabi l i ty  to
enforce any and oil regulatory or governmental rules and
responsibili ties , ar-id the adherence to the law in  behavioral
pa t t erns

-
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‘105 t t v ~~~~~n •ms ol ‘ r ot~ e~~ia ri

If t ht ’ ’i  ~ s canno t be preve~ tt-d , t h en  the  mo r - t  L’s r r a b i n  means of pr ol 0’

t ion is S) ’~ e f o r m  of p r o a ct i v e  s / s r u l  w h i c h  w i l l  i i e r i t r i i l  ~ a t h r e a t  a~ ter it has

mate n  i a l izcd , o~ l i a r r i r i g  n te u i ra I i zat m u , vi  I r educe  the  po t en t  isi damage of

t h a t  threa t . . Techno log ica l  concepts r e l a t e d  to this p roactive interception

In c  lude

~ Ef foct . i vu de ect ion and u~;0eisrnent ——th e c a p a b i l i t y  to know
t h a t  a chreat  i ii pending and to evaluate  its seriousness

~ The c a p a b i l i t y  to intercept the threat in a manner which
e i t h e r  w i l l  n e u t r a l i z e  it comple tely or w ill rende r its
damage potential as small  as possible

a Evacuation and removal including the capability to get
potentially damagable personnel and resources out of the
path of the threat if the other preventive and proactive
methods have f a i l e d

Each of t he se  ac t ions  entail specialized technological systems and

concep ts. Detection of aggressive threats from , for  ins tance , imp lanted explo-

sives being tcansported toward target areas is an entirely differen t concept

than the pred ic t ion o f dangero usw ~a~ h~ r condit ions. Likewise , clim atic urediction

dev ices also are entirely different than those employed for the forecast of

earthquakes or volcanic eruptions . The evacuation of personnel from undersea

work hab itats or frum a surface rig into an undersea rescue shelter is an

entirely dif ferent process than evacuation of personnel by helicopter.

Many of these specializu d technological concepts are discussed in the

preced ing  c h a p t e r  on m i l i t a r y  a c t i v i t i e s  and in subsequent chapters on the o ther

sets of a c t i v i t i e s. In genera i , t he re  w i l l  be sub stan tia l  progress made acro ss
all of the se technolo~~icai fronts throuphotit the next twenty— fi’.~e years and

beyond . Many such developments will be made in connection with nonmarine and

underwa ter activ Ities. Others will be speciall y,  and perhaps even exclusively,

direc ted at the underwater activi iies themselves.

Reac t I we Sys t ems of Pro t ec t ion and Re cove~ y

Once the preventive or proactive systems have failed and the impending

disaster has struck , the nex t l ine of ac t ion is reactive . This requires:

• Adequate surveillance to know where personnel and assets are
and to locate each of them specifically enough to direct
further rescue or repair efforts

• The laun ch ing and accompl ishmen t of appropria te rescue actions
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• The launching and accomplishment of appropr iatu  1 u u ’ u t r i j j j ~~~,j f ~~~i , 1 ,
actions, i.e ., the actions needed to restore the damaged u r i -o
to as near its pred~mage state as is feasible

• Salvage actions, including location, protection , and actual
achievement of needed salvage operations

These systems are similar to the preventive and proactive concepts

in that they too are spec ialized in terms of purpose , type of resource , and type

of damage involved . As the underwater activities increase in scale and scope ,

th ere will be a dramatic and persistent demand for the continued technological

upgrading of this entire family of protection concepts.

KEY DRIVING FORCES, KEY BARRIERS, AND - ‘RVIATING FACTORS

The main d r iv i ng force s, key bar r ie rs , and obviating factors , outlined in

Figure 3—2 , are disc ussed in the next section.
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THE TAILORED VIGNETTE

1. The demand for  more effective protection systems will  grow steadi ly ,
becoming both more intense and more broad ly ba8ed. The primary sources for

this increased demand for protection are:

• Developments in the density, complexity and diversity
of offshore activities and human resources which are
outlined in other chapters

• The expanding level of threat posed by nonmilitary
aggression and antisocial technologies

• The increasing capabilities to predict natural phenom-
ena and to act in proactive ways to reduce the threat
or mitigate the damage

• The accelerating economic and technological potential
of having more effective protecion systems

2. In relative terms, these demands will enrphaaize greater attention to
preventive and proactive protection. But there s till  will be a stri ngent

expectation tha t the reactive capab i litie8 of protection age ncie8 and ins ti-
tutions will be retained at a capacity to handle reactive require ments which
occur . The principle basis for emphasis upon prevention stems from the fact

tha t some of the thr eats such as those posed by antisocial technologies and

from unsafe behavior will be very difficult to detect within sufficient time to

take proactive action. In many cases, proactive actions will be preempted

simply because there is no effective means of threat definition and neutralization .

The development of prevention measures will accelerate as the potential loss

of property and life grow. Concurrently proactive protection measures will be

st im ulated .

3. Advance in the sta te-of-the—art of antisocial technologies will con-
tinue across the entire spect rwn of po88 ibilities outlined in the section of
this report on baoic concepts. Termination of this trend would require either

of th-ree basic conditions which we do not consider to be probable. These

include:

• Fully effective international controls and agreements
which prohibit the development of the antisocial tech—
no logi es

• A loss of interest or incentive on the part of var-
ious nations and interest groups (including scientists
and technologists) to having the antisocial technolog-
ies further developed

3—10
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• A change in human behavior which would result in voluntary
abstention from application of such potentials even though
the technical feasibility exists

Some international controls ‘jill be negotiated on several devices of mass

destruction which can be developed and delivered only through large scale,

centralized organizations such as natinnal governments and military departments.

Examples are the pre8ent agreements related to chemical and biological warfare

and the cu rr en t negotiations related to the SALT talks. These agreements will

necessitate complex systems of surveillance and control which are considered in

Chapter 2 on military activities.

The extent to which such agreements are negotiated will be influenced by

the forces of human nature and desires for power. It is likely that the In tel—

lectual resources will be redirected to pursue other antisocial technologies,

thus intensifying the number and the rate at which such technologies are ad-

vanced.

4. The essential monopolistic position over the development, production ,
and app lication of antisocial techno log ies which generall y has been held by
organizations and agencies of nationa l governments wi l l  be eroded. Extended
utilization of such capabilities will be operated by smaller organiza tions at
lower coats and with more f lex ible  forms of delivery. At present most of the

significant technological advances have been developed as leading states—of—the—

art concepts. Therefore, the operation of these technologies has been captively

retained within the relatively small community of technical personnel involved

in their development. But as the application of these technologies expand

throughout the nonscientific and scientific community, they will become more

available to the general technical personnel.

The huge front—end developmental costs associated with such technological

advances are not a restraint upon their ultimate development and production.

This is a function of both the general dissemination of knowledge which can

be readily available and of the changing sizes and means of production .

Finally, the elaborate delivery systems characterized by strategic bombers,

submarines, and intercontinental missiles are giving way to many simpler , more
clandestine types of delivery systems .

-~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
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There appears to be no reason to anticipate a shift in the basic direc-

tions ot the above trends. As they continue to emerge , the erosion of govern-

men tal monopoly over antisocial technology will accelerate.

5. Although the desire to appl y such technolog ies r ’iay not be in as latent
a 8ta tu8 as perceived today, the propensity for  app lication of antisocia l tech-
nologies will expand at least as far as it8 operational execution is concerned.
The motivational factors which undermine overall international interests to

empioy antisocial technologies are complex and only vaguely understood. Some

of the more fundamental motivational drives were discussed under military

activities (Chapter 2).

We canno t specif y how these motivations are presently manifested , bu t there

are some general factors and situations which clearly relate and define the

degree to which such inclinations exist, and the probability to which those

possessing the motivations will act upon them. Among these are such factors as:

• The growing intensity of international economic competition
and the enlarging role of the marine environment as a com-
ponent of the world economies

• The growing visibility of the have/have not gaps, and the
rising militance of their world attitudes

• The fact that many future antisocial techniques if employed
will make detection and aff ixing of responsibil ity extremely
difficult if not impossible

• The general political climate and growth of terrorism ,
sabotage , and related political and economic “undergrounds;’
this includes such emerging debates as state that the
industrial age should be “rolled back” or that the advanced
nations should redistribute their wealth or have it stripped
from them

• The growing difficulties of practicing these propensities
through legitimate governmental instruments including
legitimate and open military hostilities

• The increasing vulnerability of complex operational systems
to the effective application of antisocial technologies , i.e.,
the greater “payoff effects”

While this lis t is far from being exhaustive, it illustrates the range

of factors involved. We judge that the underlying driving forces related to

all of these factors will continue to operate to increase their presence

and the related propensities which accompany that presence.

j
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6. Pr o tection systems again et nonniilitar~y aggre ssion ut il ia irzg antisocial
technologies wil l  lag serious ly behind the emergence of the potential des tructive
capabilities and the re lated threats which ema nate from such potential.  The costs

of defensive protection systems are significant. Many years of expensive research

and development will be required to obtain such protective capabilities. It is

not likely that these threats will be taken with sufficient seriousness to have

the responsible agencies initiate the needed developmental activities in advance.

Nonetheless, should such initiatives be launched , it also is unlikely that they

will cossnand sufficient budgetary priority to sustain the long term funding which

would he necessary to develop protective measures to confront the threats as

they emerge. The protective gap already exists and it will probably continue

to widen.

7. There will be a number of dramatic instances involving damages fro m
nonmilitary aggression somewhere in the world. The probability is high tha t
some of these instances will occur within U, S.  wa ters , or within wa ters where
U, .’]. interests are involved. This forecast is simply based on a probability

estimate that as the number of poten tia l acto rs , potential  means , and poten tia l

objects of such aggression increase, the likelihood of an aggressive application

also increases. The limited nature of the destruction , and other factors sur-

rounding such applications will result in some occurrences of aggression, etc.

8. The effect of the above events will be to raise a public outcry f o r
effective protective sys tema . One or more congressiona l investigations and var-
ious other publicly held inquiries into the matter will e lici t to the public
the degree of the “protection gap ” and type of potential “threat ” . Responsible
go vernmenta l officials including the Coninandant of the Coas t Guard will be

“called upon to jus t i fy  their lack of acti on ” and to f o rmulate quick ly app rop-
riate measure s to be taken. The history of public policy is replete with

examples of these kind of developments. This history suggests that the nature

and probability of future occurrences developing is a function of the conditions

which stimulate them.

9. There will emerge a series of major drives to develop effective p ro -
tective systems. The combined tre nds of antisocial technologica l developments
p lus technologies of protection rrright be best charac terized as a “threat/
protection race. ” This will have its counte rpart within the military activities
and will  become a new component of the overall arms race. This capability will

3—13
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be d i s t inguishable  in terms of p ro tec t ive  systems because of the specialized

nature of the technology and its application. The protective system will

concen tra te upon proac tive capabili ties and upon having q uick react ive response
capabilities. Problems of detection and identification will be extraord inarily
difficult. The ability to discriminate between natural phenomena and deliberat,~
acts of aggression will be impossible for some types of activity. For example ,

consider the problem of determining whether a mammal approaching a vessel is

armed with a destructive device. Consider the problems of determining whether

low levels of radiation are natural or deliberate, whether undesirable genetical

changes are na tural or designed , or whether the unintended results are from fully

legal ac t ivities which have in some way dis tu rbed the ecological systems .

Consider further the problem cf determining responsibility for such

actions. Theue and may other factors will make the overall challenge of

developing proactive mechanisms gi eat and will foster the development of

proactive capabilities to deal with the incidents that preventive and pro-

active procedures were inadequate to handle.

10. Al though many inip rovements in protection will emerge, the “protection/
threat gap ” will not be f u l l y closed. This wil l  drive o f f i cials to seek improved
forms of intelligence by which to know whether antisocial techno logical appli ca-
tions are being readied and by whom. This intelligence ne~~ork will be similar
t~~ the type of kn ’wledge obtained with respect to military operations and to
criminal operations on the mainland .

In  essence , this sh i f t  towa rd intelligence systems will be an e f f o r t  to

move the protection system forward into the preventive phase. Maximum protec-

tion will emerge only if the potential behavior can be defined and preempted

at th e source or immediately a f ter  the “launch” of the antisocial technological

operations.

11. The development within the various f i e l d s  of science and technology
will  evolve a slow but constant stream of improved capabilities to predict
the threats arising from natural phenomena. Many of the specifics associated

with this forecast are discussed throughout the other chapters . In general,

it can be said that these predictive powers will flow from:
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• The rapidly growing understanding of the physical
forces of the ecosphere , including underwater , sur-
face , and above surface relationships

• The rapidly increasing instrumentation techniques and
installed systems which make highly sophisticated and
constant ecological monitoring possible

• The rapidly growing developments of processing and
analytical techniques for dealing with heretofore
unmanageable quantities and complexities of data

12. Advances will be made in modification and contro l of natural p henomena,
but they will  not provide the capability to prevent threats from these natural
events. The possibility to predict, plus the growth of offshore resources to

be threatened with these natural phenomena, will stimulate greater demands of

modification and control technologies. Certain short range weather modifica-

tion capabilities will most likely emerge. These will include the ability to

disperse fog and storms under certain conditions. The ability to control the

longer term characteristics of weather and climate are well beyond the hori-

zons of this study, at least in terms of engineering application. Also beyond

the scope of this forecast are the capabilities to modify earthquakes, major

ocean currents and various other aspects of natural threats to marine resources.

13. The predictive capabilities , p lus th e lack of capacity to have a f u l l y
effective preventive system to contro l threats f ro~i natural p henomena, will result
in conrp lementary demands to use the knowledge within a proactive framework. A
system of adequate surveillance , rapid alert and appropriate evacuation or other
“damage deterrent” procedures will be emp loyed. A18o emp loyed will be engineer-
ing standards for  equipment design, such that the capacity to withstand calcu-
lated levels of natura l forces is a part of operationa l equipment.

The mechanisms and concepts required to evolve this type of protective

system are already in place. Basic differences will be in substances and detail

rather than in terms of entirely new types of requirements. However, some novel

approaches may be experimentally developed , such as having underwater habitats

as shelters of refuge for workers in offshore facilities from storms and other

dangers on the surface.

14. The range and potential threat from accidents will grow in all categories
as a direct resul t of increased activities. Major drives will be made to instill

- -
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new regulatory controls to assure that accident prevention programs are designed
and executed effectivel y .  These will include improved employment of sea zoning,
navigation , and operational quality of equipment and personnel. This forecast

emerges from the fact that potential for accidents arises as the number of actors

and types of activities increase and as their density and interrelationships

become more complex.

15. The threats of transportation accidents will be raised by the chang-
ing nature of some veasels. The equivalent of the super tanker l ikely wil l  be
developed for at least some other major row materials. These advances are dis-

cussed in the chapter on transportation and throughout the other chapters on

the various forms of underwater activities.

16. Threats from unsafe behavior also will escalate as the overall activ-
ities expand and the equipment becomes more complex. New approaches and/or

adaptations to existing approaches of qualification standard s, equipment
s tandards , informed operators and enforced rules of the sea including the sub-
surface areas will be employed to a markedly greater degre e than at present.

17. Specialized search and rescue reactive capabilities will be possible
and will be demanded. Such capabilities wi l l  have to respond to the changing
circumstances of peri l including various forms of undersea habitat s , vessels ,
and econonri-c activitieB. The particulars of these activities and events are

discussed in other chapters.

18. Salvage operations will become more important, and will require “ie1~
forms of mechanisms and responsibilities for  location of damaged resourc 0 u
the surface , protection of such resources from theft or other threats, and

ac tua l capabilities to conduct successful salvage operations for  the entire
range of potential resource damage or loss. The particular type of resources

involved as objects of salvage are discussed as relevant within other chapters.

Salvage technologies will include the ability to spot the damaged equipment, to

guard it with both physical presence and remote control devices, and to raise

large cargoes, vessels, pipelines and various other forms of equipment to the

surface , transport them to repair or restoration, or scrap reclamation facili-

ties.

The outlines of this tailored vignette, along with time—phased probability

estiuates and some details of operational hardware that will be employed are ~~~~~~
.-— -

contained in Figure 3—3.
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CHAPTER 4: ENER GY AC I’ I V I I I

I)EFINI TION

Underwater activities associated with energy emerge from the followi ng

basic relationships:

• Traditional energy fuel deposits are located beneath
the earth ’s crust; a significant share beneath the
water.

• Natural forces within the marine environment can be
captured and converted into forms of energy vital for
increasing consumption.

• The offshore environment frequently is viewed as a
place to locate energy production facilities such as
nuclear plants or large—scale solar collection areas.

Activities related to extraction of traditional fossil fuels and other

mineral fuel sources are more properly considered as part of marine mining

activities. As will be seen, the extraction of fossil fuels from the seas

will be the most significant component of marine mining. Despite this fact ,

these energy fuel mining operations are considered for purposes of this analysis

as components of the energy activities. Other aspects of minerals mining

operations are discussed in the next chapter.

The underwater energy—related activities and systems are more specifically

classified as shown in Figure 4—1 .

FIGURE 4 - I :  ENER GY SYSTEMS RELATED TO UNDERWATER ACTIVITIES

BASIC CLASSIFICATION SPEC IF IC ENERGY SYSTEN

Fossil Fuel Energy Offshore production oil and natural gas

Offahor a production coal

Mineral Ener gy Of f.hore production uraniu m

Solar /Wind Energy Floating collection of euler heat

Floating wtnd mil l~
Ocean Therma l Energy Converet ion (OTEC)

Blomaaa FCeJ p and other aquatic vegetation

Nat ural Marine Force. Tidal power

Ocean current.

Wave energy

D.ep see pre ssure power

Ocean hydroelectric powe r

Wa ter Salinatl on power

Natural Geological Forces Und.rwat.r geotherma l energy

Marine Bnargy Plant Siting Floating nuc lear power p lan t.

Floating natural gas power plants

Other floating or subme rged power plant.,
ref i nerie .~ or conversion centers.

Flo ating industrial proce .. plant s located for
diri ct Consumption of ocean-generated energy. t
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BACKGROUN D

It Is generally proclaimed that the world is enter ing a ii~-w L-II& ~r~~-/ ‘I”

as historically pro found as the transition from dependence on anima l I-ull- r g y

to dependence on energy derived from fossil fuels. While it is still too

early to say unequivically that the fossil fuels era is ended , it Is clear

that future energy strategies must derive alternative sources. Since this

transition will not be either speedy or simple , we can expect that for the next
twenty—five or so years the overall world energy picture will be a mosaic of

at least the following basic patterns :

• Continued growth in absolute demand levels for all fossil
fuels, with an increasing priority given to coal as the
most plentiful of such sources.

• A growing awareness of the finite nature of fossil—based
energy and a search for more deposits.

• Continued development and proliferation of nuclear energy,
especially nuclear power plants for generation of electricity.

• A rapidly growi: g capability to employ solar energy and
other natural forces such as hydropower and winds.

• An increasing priority given to the pursuit of renewable
sources of energy which can be converted to forms such as
electricity for general purpose application and use.

• An increasing i.earch for an alternative to petroleum as
the basic fuel for transportation.

In viewing probable future developments in energy , it is especially important

to note that the projected demand patterns which would accompany continued world

economic development are such that substitute sources will not displace nor
replace traditional sources immediately. Rather , they will fill an otherwise

nonfillable gap between supply and demand. This reality makes the economic,

political , and social dynamics of alternative energy technologieB a more potent
O and far less rigid vested interest. For example, the oil companies need not

be overly conce rned with the potential  of a substitute fuel for gasoline.

They might lead the development of such an alternative in order to have continued

employment of their basic capital/delivery systems. t is precisely this

atmosphere which makes the feasibility for innovation somewhat more po8itive.

Where major institutional and sociological innovations are required ,
the process is never quick or easy. The matter is introduced onl y to place 

- -

4-2



the forecast of energy and underwater activities into an historic perspective

critical to a reasonable insight into the future developments within that

sphere. The potential importance of marine—based energy systems Is under-

lined by current estimates showing that natural energy sources over and in

the oceans are sufficient to supply many times the projected world demand.

The problem is to harness such energy, convert it into useable form, and get

it where needed.

FUNCTIONAL SYSTEM

The present and future components of the functional system for energy

related underwater activities represent a complicated network of suhsvRtemq

which can be described briefly as follows (see Figure 4—2):

End Use Consumption Systems/Demands

Marine—based and other energy systems are shaped ultimately by the degree

and nature of overall energy requirements and the various systems whereby the

basic energy sources are convei-ted to useable form at the points of final

consumption. All of these factors enter into this set of subcomponents.

Basic Offshore  Energy Sources

The nature of underwater energy related activities is affected primarily

by the type of basic energy sources located within the marine environment

which entail operations on or below the surface. As was noted In the ear]ier

discussion, the marine environment contains a vast array of potential energy sources.

Discovery Systems

The underwater related energy sources must not be only demanded , needed

and/or available, they must be known or be perceived to exist in a form which

is technically feasible for exploitation. Discovery techniques and systems

are the processes through which this perception occurs. The range of discovery

procedures which are given significant attention are In turn heavily related

to the types of energy demand and the types of energy conversion technologies.

Extraction Systems or Acquiring Mechanisms

The offshore energy sources must be extracted or acquired from the under-

water or marine environment in order for them to be employed in consumption

systems. Here we address offshore oil and gas wells, coal mines, solar collection 
- -
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systems, or the various other mechanisms involved in obtaining the basic energy

source for consuming systems.

Transportation Systems

Basic energy sources must be transported either to an Intermediate processing
facility such as a refinery , or into related distribution systems which get
fuels or energy sources to their next point within energy systems,

Refining and/or Conversion Systems

Energy sources almost universally require some form of intermediate processing
or conversion system to modify or transform them into the form needed for final
use. These include petroleum refineries, electrical generating plants, and various
other energy conversion technologies.

FIGURE 4—2: FUNCTIONAL SYSTEM : ENERGY

End Use Basic
Consumption Offshore
Systems! Energy
De da So ces

Refining Energy Extraction Discovery
and E~—*TransportatIon*-* or <4Systems

Conversion Systems Acquiring
Systems Sys tems

GEOPHYSICAL PERSPECTIVES
The energy related activities cannot be viewed collectively when considering

various geophysical perspectives. Each set of activities has requirements

which may or may not appear in other sets. A brief suimnation of the principal

requirements associated with each energy area is provided below. A map with

potential energy sites concludes the chapter on page 4—37.

Deposits of oil and gas generally are located along coastal margins (within

the continental shelf area) below the seabed in sedimentary basins. Once located ,

drilling rigs can operate in varying water depths; most structures are found in

depths of 600 feet or less, although oil is currently extracted at depths of up

_ _ _ _  
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to 3500 feet off the coast of Thailand. It is desirable to site rigs at a dis-

tance from frequently traveled ocean lanes, recreation sites, and coastal popu-

lation centers, and within reasonably calm waters not subject to harsh environ-

mental irregularities.

Within U.S. waters, offshore oil and gas produc tion systems are prevalent

in the Gulf of Mexico. There are some structures off the Pacific Coast as well.

Both Atlantic and Alaskan coast offshore areas are presently being surveyed

and explored to determine extraction feasibility.

Coal from underneath the seabed is extracted via land—based shafts or

from artificial islands. The material has been obtained from systems such

as these in Canada, the United Kingdom, Japan, and Taiwan. Areas in the U.S.

where offshore deposits are located and which conceivably could be tapped from

land—based shafts or from artificial islands include the Gulf of Mexico, the

Atlantic Coastal Region, Offshore Alaska (the Bering Sea), and the Great Lakes.

Production systems for uranium could take place along any of the coastal

margins of the U.S., although the most attractive areas would be where seawater

or seabed uranium mineral content is high. Few studies to date have been

undertaken to determine comparative mineral contents by geographical locale.

Offshore collection of solar heat could take place along most coastal

margins, although mid—latitudes generally offer the greatest sunlight. Assuming

placement of collectors on fixed pile platforms, depth limitations would restrict

siting; floating platforms would not be inhibited by depth restrictions.

Large—scale offshore wind energy conversion systems require relatively

constant wind speeds of 25—30 mph with an estimated cut—off speed of 15 mph.
Other proposed systems smaller in scale and generating capability require winds

of at least 7 mph. Considering the number of offshore windmills required to

generate electricity for large populations, scores, if not hundreds of floating

or fixed pile structures would be needed. This would further limit siting

to a distance from frequently traveled ocean lanes and recreation areas.

Most coastal margins of the U.S. could harness wind energy, although in

order to generate sufficient energy to power large population centers, only a

few U.S. coastal areas would be suitable. Wind speeds off eastern Florida

are fairly constant and offer a relatively high velocity. On the international
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front , technical studies have concluded that placement of windmills in the North

Sea could provide the U.K. with a sufficient amount of energy for internal needs.

Antarctic winds are strong and constant enough to be harnessed and the generated

energy distributed to selected population centers.

In order to harness energy from ocean thermal gradients, temperature

differentials of about 34 440 are needed. Gradients such as these are common

in equatorial waters. Within U.S. territorial waters, the Gulf Coast and the

lower eastern coast of Florida have been judged as the most suitable locations

for exploitation. Assuming present design features of OTEC harnessing structures,

siting would need to be away from ocean lane traffic and distant from traditional

recreation sites.

Kelp bioconversion is found primarily in the warm waters off the West Coast,

from Mexico to Alaska. On the international front , kelp is located off the west

coast of South America, in waters off the USSR’s eastern borders, along the east

side of Ne w Zeland , in the Atl an tic from southern Greenland to Nova Scotia, and

in many other areas of the world too numerous to cite here. The bioconversion

of other marine plants on the East Coast is conceivable.

Tidal power conversion usually requires a tidal depth of 25 feet or more

to generate a significant amount of electricity. Two nations currently employ

tidal stations: France’s northwest coast at the Rance River, and the USSR’s

Kislaya Bay station. Potential sites in the U.S. meeting the above depth

requirements for tidal conversion process include Baja, California, the Alaskan

Cook Inlet, and the Passamaquoddy Bay off Maine. Outside of U.S. waters, the

Canadi~~ Bay of Fundy offers a frequently discussed potential site for tidal

cor ,ersion. Many other areas of the world appear attractive : British river

estuaries facing the Irish Sea, the Kimberly Coast of NW Australia, and much

of the eastern coastal area of South America.

Harnessing ocean currents to generate electricity requires currents with

a relatively high speed, i.e. the ~~~~~~~~~~~~~ primary currents. The principal

western boundary currents are the fastest oceanic nontidal currents, and of

these, the Florida Current has the greatest speed/velocity because water is

channeled in straits between Florida and the Bahamas. Studies have indicated

that the total energy motion of this current is capable of producing about

25 ,000 mw of electrical power.
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Wave energy conversion can be accomplished with prac ti cally any ~-jtze Wi lVP.

The amount of power whIch  can be generated , however , depends in part on wave

Iertgth and height. A wave height of less than two feet and length of 60 feet

can generate .9kw of power; a wave height of about 9 fee t and leng th of 175 fee t

can generate nearly 31 kw of powe r. It  has been dete rmined that  maximum power

levels can be generated at midlatitudes and longitudes towards the eastern

end of the Atlantic and Pacific Ocean basins. The United Kingdom ’s and Japant s

offshore areas have been assessed as excellent locations for wave energy conver-

sion. Japan alread y employs wave—powered buoys.

Deepsea pressure power can be obtained only from deep sea ocean trenches

of at least 10,000 feet or more. Two examples of where these deep ocean bottoms
exist are the Pacific Kuril and Philippine trenches.

Wherever rivers enter ocean bodies , salinity gradients conceivably could

supply differentials siheable enough to generate power. A cousnonly di~cuased

area in the U.S. which could utilize this system is the Mississippi Delta

Region.

Any body of water surrounded by land on three sides represents a conceivable

area for ocean hydroelectric power Within the U.S., both the Gulf of Mexico

and Baja, California serve as examples. Closing these bodies to harness power ,

considered by many an engineering feat of impossible proportions, would obviate

the flow of vessel traffic as freely as it traditionally moves in and ou t of

these bodies.

Ocean ~~othermal energy is found in seabed tectonic plate areas, in close

proximity of active island volcanoes, or within “submarine” volcanoes. The

tectonic plate area in the U.S. waters extends from the Gulf of California to

Washington State; the Hawaiian Island area offers another potential place

where geothermal energy could be harnessed. However, the potential for
land geothermal sites is much more promising than water—based locations.

Floating Energy Plants can be located along any coastal margins of the

U.S. A nuclear power plant off the New Jersey Coast has already been planned ,

although regulatory and jurisdictional issues remain unresolved. Siting of a

nuclear power plant offshore demands that ft be distant from water areas

subject to harsh environmental irregularities, e.g. hurricane regions, fault

lines, etc., and that the plant be distant from ocean lane traffic , recreation

sites, and large population centers.
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TAILORED FORECASTS

BASIC CONCEPTS

The basic concepts are briefly outlined below and in Figure 4—3. They

are discussed in further detail in the tailored vignette which concludes this
chapter.

End Use Consumption/Demand Systems

Degree of Societal Energy Intensity

The pervasive manner in which energy affects virtually all dimensions of

the society and individual life has been dramatized by current energy problems.

This has served to catalyze a variety of philosophic debates concerning the

overall “morality” and “ethics” of an industrialized economy/society extremely

consumptive of basic nonrenewable resources. These debates are not new, nor

are they confined solely to energy . But the energy issues have served to

add a good deal of stimulus to them, and to bring forth active advocates

with a variety of viewpoints. The ultimate philosophies which emerge victorious

will greatly shape the future of not only energy, but of all other activities

associated with this analysis. For present purposes, these basic issues can

be defined by one of the following basic concepts:

• Limited Industrialization: Some analysts contend that as
the age of fossil fuels comes to a close, the economic and
social structures built upon the fossil fuels will no longer
be sustainable. Such advocates contend that we should now
begin to revert toward a less industrialized economy ,
characterized by lower energy use and energy uses of a
more infinite type such as “human and animal muscle power.”
These same concepts are aonlied to other nonrenewable resources.

• Affluent vs. Basic Energy Society: A less extreme position
than that defined above, this contention is that the economy
should at least revert from energy affluence to basic energy
characterized by :

• Minimum reliance and use of individual transportation
vehicles (except bicycles or motorbikes) and highway
transport, replaced by maximum reliance upon mass
transit and rail/waterway transport systems. The
individual automobiles and cargo trucks now operating
are relatively low in terms of energy efficiency
per passenger or ton mile.

~~~~~ .
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• Less energy intensive pleasure activiti i-s , W }~j ’h
would eliminate a good deal of pleasure driving,
motor ized boating , etc.

• Restriction of indoor comfort control systems ,
i.e., limited use of air conditioning and lowered
temperatures for winter heating.

• Restricted use of energy-consuming luxuries such
as automatic appliances and electrical devices.

• Reduction or restriction of some industrial opera-
tions which consume large amounts of energy and are
involved in production of “nonessential” goods.

• Alternate Environmental Design: A reorientation of land use
and building design concepts which would permit drastically
reduced demands for energy , in cluding:

• Concepts of very dense high—rise living patterns
which permit maximum use of mass transportation
systems , coupled wi th location of employment and
service facilities to allow maximum return to the
“walk to it” economy.

• Concepts of alternate building design which
greatly reduce demands upon energy systems external
to the building itself. This is a combination
of conservation techniques to reduce demand (such
as insulation or differing window design) and
solar collectors for on-site energy generation
from natural energy forces.

• Transition to a New Post Fossil Fuels Era: The viewpoint that
there is really no energy prob lem; rather the prob lem is one
of technology and institutionalization. This view holds that
energy problems are simply the result of an ending historic
epoch termed the “fossil fuels era.” This era will and should
be replaced as rapidly as possible, not by a reduction of energy
intense life styles, but rather by new energy sources and
systems. These new energy sources and systems wil l  employ
nonfossil fuels and various renewable sources, including
natural forces such as solar heat, wind , and ocean currents,
temperature gradients within water environments, etc.

Transoor tat fon  Svstenis

Transportation is one of the most energy—prolific functions. The trans-

portation sector includes all forms of land and sea transport. While transportation

vehicles and vessels employ many forms of energy, the predominant form of energy

currently is that sqpplied by an internal combustion engine, usually fueled with

some derivative of petroleum.
I
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A variety of technological  a l t e r n at i v e s  to convent iona l ly powered vehic: les

and vessels is emerging. Nuclear po~-er ultimately harnessed for small engines

is one such possibility. Alcohol derived from biomass and/or garbage is another.

Wave—powered vessels represent still another possibility frequently discussed .

Battery powered engines, perhaps some composed of solar cells , show promise over

the long run.

Other transportation considerations include the relative differences in the

energy efficiency of contrasting modes of transport. Water transport is the most

energy efficient, followed by rail transport. Highway transport is the least

efficient. Large vehicles/vessels are generally more energy efficient than small

ones where cargo transport is concerned . Personal cars and boats offer an inverse

situation ; larger individual cars or boats are less energy efficient than smaller

counterparts.

There are those who contend that the basic level of energy demand can

be and should be reduced drastically through substitution of an effective inter—

modal network of transportation which permits people and material to travel over

the most energy efficient mode/network. Mass transit , rejuvination of the rails ,

and supercargo vessels are illustrations of these concepts.

Still other concepts suggest that a good deal of transportation is for the

purpose of communication , and that new communication technologies offer a major

form of technological substitution for some transportation.

Commercial/Residential Building Sistems

Buildings are also a major consumer of energy for functions such as heating,

cooling, refrigeration, lighting, cooking, hot water , and powering many household

applicances and tools.

The major forms of energy currently used by buildings are electricity, natural

gas, fuel oil , and coal. Many studies show that a notable amount of a building ’s

energy supplies could be provided from on—site solar conversion. Technology

already exists for use of solar heat for heating and cooling. Longer range

technological possibilities include efficient solar cells which would permit direct

on—site conversion into electricity , the energy most used in buildings.

The adaptation of buildings for utilization of other energy substitutes

such as coal is feasible , though expensive .
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Indus trIal Processing

Huge amounts of high and low intensity energy are required to operaL ’

the industrial machinery of the U.S. economy and of all advanced economies.

The most common source currently used for industrial processing are natural

gas, coal , fuel oil , electricity and in some instances water and wind

power .

Current concepts for fu ture  industrial energy include reversion to coal
as a primary fuel rather than natural gas, fuel oil and other petroleum based
energy . Other concepts include locational Integration , i.e., an industrial

plant requiring large amounts of heat for steam might be located close to a

nuclear plant which expels heat. There are few concepts in the current

spotlight , or which we can envision , that would shift fundamentally the

fact that advanced industrial economies require energy intensive industrial

processes.

Industrial Feedstocks

An entirely different relationship between industrial uses ard energy

sources exists in the area of feedatocks. Industrial feedstocks are industrial

requiremen ts for  energy source materials, not as a source of energy, but as
an alternative us~ as a raw material. An example is plastics derived from

a petroleum base. Another example is the use of petroleum as a substrate to

grow microorganisms which in turn serve as a source of high—quality protein

for incorporation into foods.

The use of these basic nonrenewable resources to generate energy is

probably the least economically valuable use which they can serve. Future

technology probably will entail many different and higher value uses of

petroleum, coal, and the entire range of nonrenewable energy sources.

These developments are not likely to exert major quantitative demands

upon the world supplies of these resources until well into the next century.

Thus, the basic demand from industrial processes will lean heavily in favor

of fossil fuels rather than fossil—based raw materials.
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Conversion Systems

The many conversion systems involved in energy are directly related

to the sources and uses of the energy. For purposes of this analysis, the

following basic conversion system/concepts will suffice :

• Internal combustion engines: used extensively in transpçrtation
systems but also in many other areas of economic and social
activity. These engines essentially convert a fuel source
into needed driving power via combustion. Traditional fuels
are petroleum—based in some appropriately refined form.
Current concepts are extending this range of fuels to include
alcohol and other liquids or solids derived from renewable
resources and/or garbage and waste streams

• Electricity: perceived by many to be the ideal system
because it delivers a steady and constant form of power
which can be used for an almost universal power or energy
supply , and which can be derived from a wide variety of
fuels and energy sources. These sources include combustible
fuels such as coal , natural gas and petroleum , and hydro-
power , temperature gradations of the ocean , nuclear power,
solar heat, wind and many others. Electricity is also
easily transported into all areas and regions of the nation
through national grids. Thus, there are those who advocate
an “electrified nation ; ” one which places maximum reliance
upon electricity as a universal form of energy for direct
consumption. Electrical generating plants may be located
on land or offshore. Some advocates of electrification view
extensive offshore siting of electrical generating facilities
both in terms of using marine energy sources and as safer
or more remote sites for nuclear plants.

• Heating and cooling systems: techniques to convert fuels
or energy sources into heat or cold which in turn satisfies
some energy need. Heat generation includes production of
electricity , industrial steam and intensive temperatures
required for conversion of raw materials in such processes
as steel making. Heat may also be the end product desired ,
such as warmth in buildings and homes. Cold gener—
ation may be needed for industrial processing of
materials requiring cold, it may be used in refrigeration
or preservation for both industrial and home uses. It may
be used as a direct comfort generator such as air conditioning
in buildings. Various heating and cooling systems are
employed , using some form of fuel or other energy source.

‘- I: 1



• Other forms of conversion for power/drive: such as s a i l . ;
to capture wind to drive vessels , waves to generate motiox;
converted to drive sha fts and many other means of mechan ical
conversion.

It is clear that the underwater energy related activities will be largely

determined by the ultimate decisions about the sociaty - s levels of energy in-

tensity and the nature of end—use and conversion systems which are employed .

These concepts in turn are directly affected by the availability of energy and

by the state of technological capability to convert such energy to the needed

form.

Energy Transpor tation SyFtems

The transportation ot energy occurs in several ways. Some basic energy

sources such as pc troleutn must be transported in bulk form to intermediate

process points such as refineries and retransported to the points of ultimate

use. Other fuels such as natural gas or coal may be transported into either

intermediate processing points or into the final consumption points.

There are a variety of basic transportation concepts which relate to under-

water energy activities. These include:

• Vessels of varying sizes and types to transport petroleum,
natural gas or coal mined offshore into shore based
facilities.

• Super large vessels such as super tankers
or ore carriers which would be appropriate
for coal

• Traditional tankers and cargo vessels

• Underwater vessels such as submarine tankers
and cargo carriers of varying sizes

• Pipelines for transportation of liquids or slurries carrying
suspended solids.

• Transmission lines for transportation of of fshore generated
electricity .

Extraction/Capturing Systems

Basic energy sources (discussed below) must be either extracted from

the earth and/or collected or captured from the natural force flows such as
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solar heat or wind . These extraction/capturing devices related to underwater

energy activities are:

• Surface based mining rigs

• Submerged mining rigs

• Bottom based mining rigs

• Offshore solar collectors

• Offshore wind collectors

• Extraction of chemicals/minerals suspended in ocean water.

Discovery Systems to Define Offshore Energy Potentials

• Observation

• Association of geological characteristics with the probability
of underground resources/reserves , followed by “hit or miss”
drilling operations in test sites

• Instrumentation which combines sonic, seismic, temper-
ature and various other readings to discern the probable
presence of reserves, estimate their dimension, and
pinpoint their exact location.

Basic Energy Sources

h ost of the same concepts are involved in underwater energy source activities

as in land—based energy source activities. They include the types of energy

listed in the specific inventory of underwater activities catalogued in the defini-

tional section at the beginning of this chapter.

KEY DRIVING FORCES, KEY BARRIERS, AND OBVIATING FACTORS

The key driving forces, key barriers and obviating factors of relevance in
forecasting underwater energy related activities are outlined in Figure 4—3,
and are discussed in the following tailored vignette.
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THE TAILORED VIGNETTE

It is clear from the preceding discussion that some of the marine—based
energy activities are unique to the marine environment. Concepts for harnessing

tidal power and ocean currents illustrate this point. Other marine energy

activities are extensions of land—based energy systems, e.g., offshore petroleum,

natural gas, and floating nuclear power plants.

In general, energy activities within the marine environment are linked

specifically to energy consumption needs and patterns on land. If marine—

based energy activities were related only to marine—based energy uses, future

developments would be entirely different than if these activities were undertaken

to support land—based consumption. It should be kept in mind that the marine/

underwater environment will not be employed as a center for energy activities

related to land—based consumption unless such systems offer some advantage over

competitive land—based alternatives , or unless the land—based alternatives are

insufficient to supply total needs.

As we apDroach our forecasts of future underwater activities associated

with energy, we must evaluate constantly the following relationships:

• How do land—based end use consumption systems relate to
the energy sources derivable from the rarine/underwater
environment?

• How do marine—based or offshore consumption systems
relate to the energy sources available in the marine
envi ronment versus those available from land? For ex-
ample, it is possible to operate a ship with fuel extracted
from a land—based oil well, or the lights on a marine plat-
form from electricity generated in a power plant on shore.

• How do land-based and marine—based energy sources relate
to one another in terms of their ability to fill the
absolute supply/volume requirements, the comparative
availability , and the comparative economic feasibility.

All of the above relationships are shaped directly and significantly

by the available technology developed over the forecast period .

The basic choice between continuing energy-intense econom ic growth and
eoc-z~al development or energy regression or arre etment will be rinde in favor
of continuing energy intensity. Thua , the overall demand for energy will
continue to eaca late 2t a rate within one to three percentage point8 of tha t
established over the las t severa l year s . We believe that the ultimate
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resolution of these debates will be in favor of continuing energy intensity

and related increased energy demand , given:

• The current level of energy intensity and the overall
dependence of current standards of living upon such
energy

• There are at lease several decades of current energy
sources/supplies yet available within the world ’s
resources

• The basic human nature to resist regression of economic
standards of living

• The entrenched constituencies and institutional inertia
which resist the painful effects of adjustment toward
a less energy intense society

• The increasing technological conceptualization that
alternatives are possible, and;

• The price of deindustrialization is simply too high.

To believe that all or even most of these forces could be reversed within

the next 20—25 years seems quite far—fetched.

During the next twenty-five years , we will witness an era of transition
toward reliance upon different f orrn8 of energy systems. The transition will not

be complete, and most conswnp tion will remain linked to types of energy currentl y
in use. However, because the necessity of the transition will continue to become
clearer, technological creativity will be stimulated further and the development
of alternative energy concepts now underuay will continue and expand. This

forecast flows from a combination of the above statements forecasting continuing

affluent energy intensive living, and the continuing evidence that the non-

renewable energy resources are becoming more scarce. Transition will begin,

but transitions involving such pervasive and complex relationships in advanced

societies are neither speedy nor simple. We expect the old and the new energy

eras to run in parallel for several decades.

The search for  alte rnative energy sources and systems wi l l  continue to grow
more intense as the need for greater nationa l energy independence increases
along with the realization that such independence -is not achievable through

contemporary fossil-based energy sources. The need for greater energy independence

is related to both world economic and national security imperatives. Many

trends show that the U.S. is becoming an economy which is increasingly resource

dependent, i.e., more and more basic raw material imports are sought. Petroleum

is currently the most visible of these resources, but in actuality it is only ~~
‘

— — 
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one of a quickly expanding list of similar import requirements. At the same time ,

the world is moving into a new era of international competition . A larger

number of advanced economies are competing for world markets and a large portion

of these advanced economies are themselves resource dependent. Thus, there is

likely to be growing competition in finished goods markets and for raw material

supplies on a world—wide basis. The U.S. is beginning to experience the antecedents

of this new era with the seemingly painful discovery of chronic and growing balance

of trade deficits. The future economic well—being of the nation will depend

upon the ability to retain at least a reasonable national balance in international

exchange. Alternative energy sources will be pursued as a major means of reducing

the nation ’s requirements for importation. Concurrently, it will be beneficial

for the U.S. to emerge as a technological leader in some alternative energy

systems in order to create a potentially useful export to other nations.

From a different perspective , greater independence also will be sought as

a means of reducing the dependency and vulnerability of the U.S. economy and the

national security system.

Technological developments will be sought across a broader spectrum of

possibilities in the climate discussed above than would otherwise be the case.

Not all of these exploratory developmental efforts will prove fruitful . But we

do believe that many marine—based alternatives will be more seriously explored

at least from an experimental vein because of the overall national importance of

greater independence. National self—sufficiency also will be complementary to

a variety of other issues which will make marine—based energy alternatives

preferable to land—based alternatives.

Systematic discovery and inventory of the Earth ‘a total resources and
ecosystems will continue to evolve at a rapid pace. This will lead, toward the

end of the century, to more precise models of energy reserves, energy generating
forces and potentials, rates of depletion, and the overall ecological consequences

to tapping these sources. The following trends and developments working con-

comitantly will make technologies for discovery more accurate and credible ,

and will permit them to be employed for many purposes and motivations.

• The growing demand for offshore resources such as minerals

• The overall scientific investigations directed at more complete
and accurate geological and atmospheric inventories

I
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• Further research in life systems of the ecosphere

• A rapidly developing means of instrumentation

• The institutionalization of both general purpose and
special purpose “searches”

As the above developments emerge, the large reserves of all fossil fuels

will become known. Also, there will be accurate plottings of the energy

potential which can be captured from ocean forces.

Utilization of offsho re e lectrica l generating p lants will become a major
area of interest ; a nwnber of these faci li ties will be constructed. They will
include facilities for  nuclear power generation, and possibl y for  offshore
fuel  burning generation p lants (especiall y offs hore coal) , ocean gradient
generation , ocean currents and perhaps even tida l power and wave power gener-
ators .

It is already clear that when the lag time for construction of power

plants is considered , ~he U.S. will experience a series of. critical electrical

shortages during the mid 1980’s. There are indications that the emergence and

greater use of a nation—wide grid for national allocation and distribution of

electrical energy will continue. This will make it possible to export electricity

from one region to another, including that originating from offshore production.

Thus, the reliance upon electricity as a highly flexible, general purpose energy

(in terms of end—use systems) will grow. So too will the capability to distribute

such energy within a national system expand .

In this environment, a high priority national search will be initiated

to determine how “the electricity gap” can be narrowed. The nuclear “solution”

will emerge as particularly appealing for an emergency measure. Yet, societal

fears of nuclear plant operation in land—based population centers will not be

eradicated . A compromise resolution will be viewed by some persons to include

the development of offshore nuclear sites. The feasibility of doing this will

be given an additional thrust by the emergence of a national electrical grid,
and by the arrival of cable technology making transmission from sea to shore

more efficient.

The offshore drive will not be limited to nuclear plants. In close assoc—

iation with nuclear exploitation, opportunities for harnessing marine forces

and extracting other energy sources to produce electricity will be sought.

Thus, experimentation will extenc1 to such other ideas as offshore burning of
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coal produced from underwater mines (a take—off from the offshore petroleum

refinery concept), ocean gradient production, ocean currents, etc. It is

conceivable that a multipurpose conversion plant might emerge which could employ

any and all of the forces within its proximity , thereby greatly enhancing the

stability and efficiency of the overall function.

More details on the operat~onal aspects of this development are discussed

under the following headings dealing with each of the activity areas.

Oil and Natural Gas

Suitable substitutes for  use of oil and natura l gas as fue ls are tech-
nicall y feasible , and wi l l  be developed. However, they wil l  not be developed
to a sufficient scale to preclude dramatic growth in demand for  oil and natural
gas as basic components of our energy p icture. While the demand may decline
proportionatel y ,  it wi l l  s t i l l  grow significantly in absolute terms, (the measure
cif si~~iificanc e to this anal ys i s)

Even if major substitutes for gasoline and fuel driven -engines for trans-

portation were in hand and under production now, it would not be possible

for alternate supply systems to grow at a rate sufficient to eliminate growth

in the absolute demand for petroleum. The rising rate of transportation and

increasing world economic development will advance demand more rap idly than
these substitutes can become widely diffused systems. The vested interests

ensconced in current petroleum systems such as gasoline distribution and related

vehicular production would mitigate against a rapid dissolution of these invest-

ments and employment streams.

Substitution of coal, solar energy and various other alternate sources

for production of electricity , industrial processing, and heating and cooling

of buildings will continue to emerge. But again, there is no significant

basis for believing that they can completely displace a continued growth in

absolute demand for petroleum and natural gas.

The use of petroleum as feedstock to other industries is at a relatively
low level, accounting for less than 10% of current consumption. These areas
are all expected to grow significantly.

Substitute consuming sys tems to obviate demand growth for petroleum and
natural gas also are technically feasible. They too will begin emerging at
a growing rate. But these deve lopments also will fa i l , even when added to
the substitute fuels, to offset the increase in demand for petroleum.
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Changes in consuming syst~ r-~ in c l u d e  i~~: rr -~ sing th~ • - :  L I

systems , changing them over to use o h c r fu e ~~s , ~ir  (; t 1e r w ~~~e ~~~~~~~~~~~~ L~~~ - I ri

from social scenes. For examp le , i t  au tos  and motc r r r ~-r ~sp o r t a t i o n  Wcre abol-

ished the  demand fo r  p e t r ol e u r~ w o u l d  drop prec ip itous!-- .  These conswning

systems wil l  be m o d i f i e d .  1-’or exampie , r egu l a t i ons  have already directed elec-

trical generating plants to switch off use of fue l  oil and na tur a l gas in some

areas.  There is no conce ivable way i n wh ich t rends such as th i s  could o f f s e t

demand growth w i t h i n  the next t w e n t y — f i v e  years .  Nonetheless , these r e g u l a t i o n s

wil l  tend to lower the  growth in demand t h a t  would o the rwise occur .

beaa us e petroleum and natur-~1- •— z~ -are fundamental supp lies int o  e~’ ; e ~-a~
-J - 2 t :~-2 are interwoven intr icately into the foundations of our entire econor’rg art-2

?if-~
.
~~:i les not extreme ly flexible to immediate chanqeover , we fcreaa~ r that

the aucio/politi~al climate will remain highly favorable to resoonsil?e ~~lo ’~ t-
a t~~- I J r L  o~ ’ p~ troieum and natural ~/a~i res~rvea bej~nd r h~ turn of the ‘atur~.
For decades the na t ion  has followed a development  p a t t e r n  which  has encouraged

the growth of suburbs and large metropolitan areas, br ing ing arm and arm
a d ispersed pop ula tion and emp loymeut pattern within these areas. Literally

tens ot millions of persons have little choice other than reliance upon

curr entl y established patterns of commuting to work and for servicing their

energy needs, No conceivable level of investment could substitute mass

public transportation on a scale which would service these needs. It takes

over ten , ~i~id more like twenty years to get an integrated metropolitan transit

systor~ ,u-rative . Even once such systems are totall y operational , they

general l- fu lfill only a modest proportion of the tr-ir .sportatiou flexibilt l y

and need . The psychological and soci~ logical posit ion of private autornotive

transportation has b’-come a deeply held value . This alone provides a pillar

to the stabjljt’, of political and social demand for and support of programs

t~~
) continue to use petroleum and ndtural gas-.

-: r~~~a ,-~a ~~ ~~~~~~~~~~~~ ~~~~~ ~ ~~~~ - / - ~) ç~’i~-~i L - . -~~~. ha.~ed o.”fshore oil an-
? /-~. ~~~ - -~ rr f’I~~J ’: P  -;; a ;- ‘i i 1 - ~—~o ~j y ~ - t - ’  ~~ j - ~~~~ to a r o i n  t where of  ~ah ore r -o —
t~:o~ -

-
- -~~ ~~~~- --:~~~ ~m t :‘ ~~jr~: 

~~~~ 
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~; f ~ f l (~ ‘j ~~~1 t~~( 3 .  / !Ow( ) r~1 , t7~(

,“ /r ;aat ~~ ~~~~~ -
~~ 1- L- ~ -~ tO ~~~~o-~ ~ 1 Z 1o ~~ap e I si j uif i ca n t  l~ / co-”r~ar ’a t ive

-.c~ -~~f ~~ J?esr ~~~ ;r ’ ~~~~ ~~~~~~~~~ Ic a~~-~ ~~-erw i-ae to ta~. wi l l  be de: - - -1 —
ap ed hcfo -rc ray’.- -io atL~ ar -ov we j~I o i te ’I . These cost neutralizations . 

- -
I -

may not he the sole result of marke t forces. World supp lies may well 
,~.,

not dictate such neutralization . But a combination of supp l ie r  con trolled
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pr ices , U.S. policy of incentives for n~ tion~iI energY developments , - m d  a

variety of othe r nolitical and social policies will combine to bring about

the condition . Var ious instruments nay be used. Governmental subsidy of

development , an energy development tax along the lines of the current hiphwav

trust fund tax on gasoline, import taxes or quotas , or any combination of

these and other techniques likely will be employed .

Environmental issues will grow in in~r-o-:’tan--1e and :~oncern, but they will

not be permitted to stop or reverse the oi,erall development of offshore reserves .

Some highly sensitive locales will be restricted for off8hore oil or natural
gas. Also, environmental standards will continue to emerge, requiring increased

costs for development and extraction. As the app lication of these environmental

standards becomes operative in areas close to the coast and in areas of n’rultip le

use, the comparative economic feasibility will grow for tapping the remote re-

serves. These environmental restrictions will act as barriers to extensive

unrestricted abuse of the natural environment. They will create demand pull

for a variety of technologies to make possible the accommodation of both the

need to exploit the oil and gas reserves and the need to retain ecological and

aesthetic standards. From this type of tesearch the concepts of ocean bottom

rigs will grow in favor , being first applied in areas where multiple uses and
tight environmental controls make feasible the development of the ocean bot-

tom rig concept.

The issues rising from competing interests for conflicting uses of certain

ocean areas in which oil and gas reserves are located will continue to increase

and intensify . This ultimate ly will lead to the requirement for some form of

national policy and guidelines regarding sea zones and permissib le uses therein.

Political, administrative and judicial procedures will be deve loped to provide

for the processes needed to resolve the conflicts. In some instances, oil
and gas reserves will be restricted from deve lopment, at least until there

aPe no alternatives left to tap elsewhere , an eventuality which is beyond the

time period of this forecast,

Some of the issues relating to conflicting uses will arise within what

curren tly are defined as international waters. For example, the current 200—mile

zone is def ined only with respect to the management and conservation of fishing. We

expect that the 200—mile zone will be declared fully within the national sovereign-

ty for all development , and that It ultimately will be extended even further.
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Special internationa l procedures of the nature discussed currently in the
Law of the Sea Conference ultimately will be developed for at least rhetorical

purposes with respect to resolving conflicting uses outside the territorial

waters of nations.

Aesthetic preservation will continue to be a Trbajor political and economic
issue with respect to the tapp ing of oil reserves either close to coa8tal areas
or located near currents which could bring any accidental sp i l l s  into coastal
area8 , particularl y high value recreationa l areas. While these concerns wi l l
affect how the resources are tapp ed , they wi l l  not be sufficient , excc~-t in a
few selected cases , to reverse the exp loitation.

By the turn of the century, the operationa l sys tems emp loyed in an extensive
network of offshore petroleum and natural ~iaa wells will include :

• Surface rigs which are both aesthetically “dressed up”
and those which are still purely functional. These
surface rigs will become more elaborate, offering
better living quarters for crewmen. In some instances ,
surface rigs located close in to urban centers may
be expanded into a form of “floating island” with
some limited refining facilities and permanent
apar tments/buildings used as offi ces or other work
related stations.

• Semisubmerged rigs employed in areas of yreater depth
or where , for one reason or another , the surface riq
is less suitable.

• Bottom—based rigs involving a drilling base facility
and habi tat f or  the crew.

• Networks of underwater pipelines which connect wells
directly into crude oil transportation systems to the
refinery point.

• Flexible hose for connection to submersible or bottom
based rigs to both regular size and super tankers.

• Tanker fill-up stations connected with surface rigs.

• An experimental refinery hook-up on the ocean
floor and/or on a floating platform.

As the bottom rig concepts are developed and pipeline systems emerge ,

including flexible hose pipelines capable of moving place—to—place as feeder

lines into more fixed systems , the overall composition of the operational
systems will begin to shift. However , we believe that these more advanced
concepts will be utilized first only in the areas where controversy and/or

multiple uses, combined with the richnes8 and availability of deposits , make
employmen t more jus t i f i ab le .
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Offshore Produc tion of Coal

For at least the next two decades coal will beeor’~- z~
importan t source of energy, especiall y fo r  industrial ~--rwcessi ~y ,  p rc iuctio~
of electricity, and heating and cooling of bui ldings. The movemen t to coal

is already under way. Substantial investments are being made in both production

and consumption systems. Coal is portrayed as available in vast quantities;

it is often cited as sufficient to carry U.S. energy requirements for centuries.

Nonetheless, a good deal of this coal is located deep underground, where the

technology of extraction does not yet exist. Coal near the surface involves

extensive strip mining entailing a host of political and environmental issues.

Accordingly, the demand will grow for coal which can be acquired relatively

free of major conflict .

There will be a number of offshore coal reserves discovered and p lotted

as a result of the genera l activities related to the search for petrole um, gas,
and other minerals . At least some of these deposits will be located in such
a manner as to provide technical and economic feasibili ty for  extraction.
There are numerous reasons to expect that geological formations under the

continental shelf are roughly comparable to those found under land areas.

Because coal is one of the more abundant minerals, and because the U.S. is

comparatively rich in known coal deposits, it is reasonable to anticipate

that similar deposits exist offshore. They will, as noted above, probably

be found as a by—produc t result of other search activities. The technological

advances in instrumentation (discussed earlier) will be a major asset in this

search.

Some of these offshore coal reserves will be tapped , initiall y through
extension from land-based shafts, and later from adaptations of current tech-
nology . Initial mining in U.S. waters will likely begin to emerge in the l980s,

Japan , the United Kingdom, Canada, Taiwan and other nations are already mining
off shore coal from land—based shafts or artificial islands. These techniques

will be adapted for initial applications.

As the activity emerges, rapid technologica l adaptation s wi l l  occur f or
developing innovations in offshore mining techniques . These wilt inc lude
underwater mines equipped with living quarters and connected to surface rigs
with fixed shafts into the mine or to sernisubmerged or bottom rigs. Trans-

portation of the mined coa l initiall y wi l l  be achieved by the use of large
barges and/or cargo vessels. Eventually, crushing machinery will be installed
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directly into ~zr on—shore facilit~. The technological streams necessary IC )

evolve this form of offshore coal mining operations are already underway in

many other areas, including: underwater habitats , scienti fic and commerc ial
welding, petroleum and other offshore mining operations, and possibly la ter

offshore coal burning electrical generating plants as a means of circumventing

the air quality control standards associated with on—shore operations.

While we do not expect to see a burgeoning offshore coal industry, we

do expect to see some significant operations, possibly several dozen , by

the turn of the century.

Of fsh~re Production of Uranium

The demand for uranium will intensify during the 2980s as electri ca l supp ly
outlets and associated industries switch from oil and gas to other alternative
energy sources. Environmentalists in their fight to prohibit nuclear power,

will lose ground to the growing internal need to become energy self—sufficient.

Compromises will be reached between opponents and proponents of this fuel, as

a result of the implementation of considerably strict safeguards, more prac tical

procedures to dispose of nuclear wastes, etc. Surely coal will provide an mi—
portant portion of the energy in this evolving, gradually shifting environment,

but nuclear energy will continue to offer temptations not found in coal. Three

trend s in particular will foster fur ther  U.S.  consideration and uti l ization

of the nuclear alternatives:

• Uranium provides an energy source which is relatively clean
burning

• because less uranium is needed to power a given area than
coal, the transport costs will be much less, in addition
to the other costs associated with mining minerals.

• The U.S. will be compelled to pursue the nuclear alterna-
tive as a result of comparatively rapid growth of nuclear
employment in ether parts of the world , e.g., consider
for a moment the space race, the arms race, etc.

• Given the lag time in construction of new electrical
generating plants, it seems clear now that the U.S. will
experience a significant electrical shortage by the mid
1980’s. This “crisis envi ronment ” will serve as a
catalytic event for the shift to the nuclear “soluti-,n ”
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within the offshore faci l i t ie s  allowing coa l slurry to f low throu(J h 1ii p.~t im’~:

directly into an on-shore facility. The technological streams necessary to

evolve this form of offshore coal mining operations are already underway in

many other areas, including: underwater habitats, scientific and commercial

welding, petroleum and other offshore mining operations, and possibly later

offshore coal burning electrical generating plants as a means of circumventing

the air quality control standards associated with on—shore operations.

While we do not expect to see a burgeoning offshore coal industry, we

do expect to see some significant operations , possibly several dozen , by

the turn of the century.

Offshore Production of Uranium

The demand for uranium will intensify during the 1980o as electrica l supp ly
outlets and associated indu8triea switch from oil and gas to other alternative

energy sources. Environmentalists in their fight to prohibit nuclear power,

will lose ground to the growing internal need to become energy self—sufficient.

Compromises will be reached between opponents and proponents of this fuel, as

a result of the implementation of considerably strict safeguards, more practical

procedures to dispose of nuclear wastes, etc. Surely coal will provide an im-

portant portion of the energy in this evolving, gradually shifting environment,

but nuclear energy will continue to offer temptations not found in coal. Three

trends in particular will foster further U.S. consideration and utilization

of the nuclear alternatives:

• Uranium provides an energy source which is relatively clean
burning

• because less uranium is needed to power a given area than
coal, the transport costs will be much less, in addition
to the other costs associated with mining minerals.

• The U.S. will be compelled to pursue the nuclear alterna-
tive as a result of comparatively rapid growth of nuclear
employment in ~ther parts of the world, e.g., consider
for a moment the space race , the arms race , etc.

• Given the lag time in construction of new electrical
generating plants , it seems clear now that the U. S. will
experience a significant electrical shortage by the mid
1980 ’s. This “crisis environment ” will serve as a
catalytic event for the shift  to the nuclear “solution .”
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Offshore production of uranium wi l l  emerg e as incrcu~; ~ n~ / ~j ~ I. t. ~~~~ f

the promi nence of nuclear energy takes shape over the next. two d c d .’~g; . The
fourf old increase in the price of uranium over the past decade alone haH

caused scientists to disregard the feasibility of extracting uranium from sea-

water. Further refinement of the chemical engineering technologies and tech-

niques necessary to extract uranium (in addition to other minerals and chemicals)

is likely during the next decade; given the continuing “skyrocket” in the price

of uranium extracted from land—based sites, seawater extraction can become econom-

ically competitive within a decade. The siting, construction, and operation of

nuclear power plants offshore during and before the end of the 1980’s are fore-

casted within this chapter. Given this development it seems plausible that as

extraction techniques are refined , nuclear offshore plants will become uranium

self—sufficient; seawater will be processed within these floating plants to

derive uranium fuel for direct use.

Kelp Biomass

The use of biomasa energy will be an inrportant feature of land-based energy
deve lopment alternatives , e.g.,  human/a nimal/solid wastes , but it will not be a
8ignifi cant feature of the late 20th century marine environment. We do expect

a few experiments to cultivate , harvest, and process kelp on the West Coast to

continue for some time, yet demand systems for the end produc t of kelp produc-

tion and processing, namely methane gas, will be satisfied from less costly

biomass counterparts found on land. In spite of this activity forecast, if present

consideration and conceptualization of using alcohol to power automobiles be-

comes feasible, the future for kelp would change dramatically. The transfor-

mation from gasoline—powered engines to engines powered by alcohol, however,

could be quite a lengthy period given public and institutional constraints;

beyond 2000 the probability for alcohol powered engines will sharpen as well

as engines powered by solar energy.

Offshore Production of Electric4ç~

Many of the energy underwater activities listed at the beginning of this

chapter are related to the offshore production of electricity. The future
activities such as ocean thermal energy conversion, ocean currents, wave

power , and offshore nuclear plants are all contingent upon the common over—
riding issue of whether offshore production of electricity will be needed.
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As was discussed at the beginning of this vignette , there are a number of

reasons to place a very high probability upon the emergence of a significant

level of interest and activity in the offshore production of electricity. This

new offshore industry , by virtue of its novelty and the priority and national

concern placed upon it for adequate energy from self—sustaining sources, will be

pursued initially from an experimental context. An atmosphere of investigation,
fueled by an extensive fede ra l government budge t for  energy alternative experi-
mentation and development programs, will lead to a variety of enterprises in
offshore production which would not otherwise be undertaken. Several states are

likely to see the development of an offshore electrical potential as an

Important source for state economic development, especially those states which

are populous and cannot readily construct nuclear plants on land. These states

will see offshore production as a means of regional self—reliance, and possible

export.

Given the liklihood for offshore production , we expect the offshore elec-

trical production industry to emerge and expand rap idl y .  The pattern of emer-

gence will begin with source—specific experiments such as an ocean thermal

energy conversion demonstration project , an offshore nuclear power plant , or

a single offshore effort to capture ocean currents. Even as these concepts

emerge, ideas for multipurpose conversion plants are likely to develop. A plant

which could employ currents, the rmal gradation , solar and wind collection,

and wave power might prove to be conceptually at tractive and technically feasible.

This “economics of integration” may well change the overall cost feasibility

of some offshore energy activities which alone would not prove justifiable.

From this viewpoint , there is the notion of larger offshore energy complexes;

these in turn would serve as the hub for offshore industrial  centers. In spite

of this favorable picture for offshore electrical production, we believe that

these conceptualizations will reach only a nascent stage by the turn of the

century. During the forecast period in this study, we foresee the initial steps

to be more modest. Some further details are outlined below.

Ocean Thermal Energy Conversion

The present U. S. government priori ty for  the development of OTEC will
assist in the short range experimentation and eventua l applica tion of this energy
alternative. The front  end costs will be absorbed through federal subsidies , and
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during the 1980’s, the feasibility of the concept will be proven viable for elec-

trical generation. Use will be localized at first , but commercial acceptance and

application of the process will take place before or during the early 1990’s.

The considerably long construction lead time of these facilities will inhibit

moderate to rapid growth of OTEC plants, yet they will make a small but growing

contribution to national energy sources by the year 2000. Thereafter, OTEC

could become an important source of electrical generation for rapidly increasing

coastal population centers.

Tidal Power Conversion

Perhap s the key driving force for  tida l power is technica l feasibil i ty
proven by demonstrations of this concept in other parts of the world. France

and the Soviet Union already have tidal power stations operating, and although

their economic feasibility has been contested by some analysts, long term costs

will bear witness to the efficiency of these stations. The persistence and

regularity of the tides, in addition to the overall attractiveness of the concept

where geophysical perspectives apply, will accelerate further consideration,

design, and employment of tidal power stations in many parts of the world.

Within the U.S., institutional cautiosness over investment in tidal

power will  impede rap id, widespread growth of plan t construction, yet tida l pow er
conversion wi l l  find applicability within or near U. S. waters . It is highly

likely that public sector subsidies will absorb early developmental costs.

Thereafter , a consortium of nations and/or companies will team up to finance ,

construct , and operate a tidal power plant. The most ideally suited geophysical

area for employment of a tidal station exists in the Canadian Bay of Fundy . Al-

though there are certain areas within U.S. territorial waters that are suitable

for tidal power conversion, e.g., off the coast of Maine or Baja, California,

a joint Canadian/U.S. venture in the Bay of Fundy seems more plausible given the

better geophysical phenomena in this body of water and the greater availability

of capital from two neighboring Industrialized nations. Construction of this

site will take place before the year 2000, but the actual operation and distri-

bution of the power generated will not be a feature in the national energy picture

before the end of the century. After 2000, New England would receive substantial

benefits from Fundy ’s tides.

4—28

- r-r— a ~~~~~~~ 
- -. — .-- . - . -. .——,. . .- •_ ;

_ — .



Wave Power Conversion

The conversion of ocean waves to a usable energy form will not take p laco on

a large scale during this century . Despite the attractiveness of waves as a clean ,
renewable energy alternative , economic and technical feasibility of large—scale

systems has not been tested. Considerable technological breakthroughs are still

needed , for example , to improve power density per unit. The demonstrated feasi-

bility of small—scale systems will lead gradually to more improved modes of

application. The transition from wave—powered buoys, to the propulsion of

seafaring vessels, or to localized generation of electrical power is conceiv-

able , but the unsteady geophysical requirements for most nations will impede

the large—scale use of waves.

Offshore Collection of Solar Heat

Solar heati ng and cooling of buildings (residential , commercial, and

industrial) will f i nd 8ig nif i cant app lica tion in our land-based environment over
the remainder of the century ; solar cell technology will  emerge economically

compe titive before the end of the next decade. The harnessing and conversion

of the sun ’s rays will become proportionally a much large share of our nation’s

energy sources, and an even larger proportion within selected regions of the

country, I.e., the sunbelt states.

In sp ite of the favorab le outlook fo r  solar energy on land , it seems highly
unlikely that anything other than experimental projects fo r  offshore solar
collection will be emp loyed in this century . Some of the negative forces working
against offshore energy include:

• The rising costs of floating and/or fixed pile platforms
in the marine environment. It simply would be less ex-
pensive to deploy solar collection structures on land.

• The unattractive, aesthetically offensive appearance of
offshore structures. Although this barrier can be offset
partially through “platform cosmetics” such as that em-
ployed off the West Coast for oil production platforms,
the costs for undertaking such dressing up further inhibits
feasibil~tv.

• The conflicting uses for the area selected for solar
collection. A host of disputes are likely to emerge
over whether the tract of ocean space should be used
for oil and gas exploration, recreation facilities , etc.

Yet as offshore habi tation and production sites appear more frequently in
the marine environment, solar panels and collectors on these floating sites
are likely to be employed to capture the natural energy of the sw~ to provide
at least some of the energy needed by inhabitants or workers on these s tructures.
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Thus solar collection offshore will find application for offshore operations

connected with other purposes, but it is unlikely that solar collection offshore

will be extensively employed to capture and diatrubute energy to land—based

systems.

Offshore Wind Energy Conversion

Efforts to harness and convert wind energy for  use in human cons wnption
systems are l ikely to receive increasing attention during the next i~ o decades ,
with some notable achievements taking place along the way. The conversion of

wind into useful energy generally will find application in small population

centers with only localized distribution networks.

It is likely that many of the same fortunes which will befall offshore
solar collection of heat will be valid for  the offshore collection of wind.
The costs of constructing and placing literally hundreds of floating windmills

offshore and the unappealing sightliness of these structures will inhibit

widespread marine application. In addition , the intermittent nature of wind

threatens a continuous, stable flow of energy to end—use consumption systems.

It is po8aible tha t offshore wind energy conversion systems will emerge in

the marine environment before or during the turn of the century . We would

expect that some experimental sites would be constructed and under operation

along coastal margins of the U.S., but these structrues will supply only a

small portion of coastal population energy needs, and usually will serve only

small coastal towns. On the other hand, it seems likely that the United Kingdom

will pursue seriously the concept of harnessing winds in the North Sea as the

century draws near its end and Britain’s oil reserves diminish. It is pos-

sible that a consortium of nation states will explore the feasibility of har-

nessing Antarctic ’s unusually high wind velocities; yet the fraternity among

these nations is likely to cease as debates over the distribution of the

harnessed energy emerge. Disputes over how and where the wind energy should

be distributed are likely to stagnate application more than the construction

time needed to build the wind rotera in this continent.

Offshore Nuclear Power

As nations turn increasing ly to nuclear power during the 1980 ’s (as
previousl y forecasted in this report) offs hore siting of nuclear power plants
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will become more ittractive. Problems related to safety, health , au~1

locational siting for nuclear plants will become a paramount issue. It 18

conceivable that at least one major accident involving a nuclear power plant

on land will take place which will further catalyze the movement to site facilitieb

such as these distant from population centers. We believe that a number of

offshore nuclear power plants will be under construction, and perhaps in complete

operation , before 1990. The siting and operation of these plants offshore

will entail a fairly fierce regulatory debate , the institution of a host of

management and control procedures, and a persistent public sector monitoring

and inspection process.

Although the number will be comp aratively small, we do expect at least a
few offshore industrial production p lants , using energy sources from underneath
the seabed directl y for  consumption, to emerge during the forecast period. There

are numerous industries which are environmentally undesirable in land—based

sites. It is probable that the unappealing nature of many kinds of industrial

processing in our land—based environment will continue. This trend , coupled

with the siting of nuclear power plants and the technological/procedural

spillover this phenomena will have for other plant sitings, will assist sub-

stantially in initiating some experimental and/or demonstration projects for

offshore industrial plants. Despite the fact that the number will be insignif-

icant , the concepts employed in undertaking this effort will require the develop-

ment of policies , regulations, and management structures and concepts considerably

innovative and utilizable for the expansion of offshore siting of industries,

utilities , and perhaps even residential complexes.

Ocean Current Power

The short-to-mid range future for  harnessing underwater ocean currents
as an alternative energy source does not bode a favorable picture . The comparative
economic costs , extremely limited geophysical locations within U.S. territorial
waters, and institutional hesitancy to invest in a seemingly risky venture

are working concurrently to inhibit development of the concept.

The longer range future for  ocean current use as an energy ‘3ouroe appears
somewhat more favorable, yet even beyond the year 2000 probabilities for em-
p loyment in the U.S. are low. Technological spillover from other commercial
act ivi ty in the marine/underwater environment should prove usable in harnessing
and converting ocean currents for power. Anticorrosion materials development

will make feasible the long term placement of rotor generators under water to
h.
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capture currents; emerging engineering techniques will assist the operation of

these underwater activities. In spite of these optimistic developments , it

still seems unlikely that the sole primary current within close proximity of

the U.S. coast, i.e., the Florida Current , will be harnessed. Other energy

alternatives ultimately appear more alluring for the southern peninsula of

Florida to pursue, for instance solar energy. A good deal of consideration

will be given to currents by other nation states. Two developing nations

rich in petrodollars with small and rapidly diminishing petroleum reserves

left have both the needed investment capital and geophysical requirements

to utilize ocean currents: Venezuela’s Equatorial Counter Current and Nigeria’s

Guinea Current. Japan ’s heavy dependence on petroleum imports could be offset

partially if this industrial nation devised and constructed an underwater ocean

power plant to capture the steady strong movement of the Koroshio Current off

the country ’s southern islands.

Underwater Geothermal Energy

Al thoiegh the technica l and economic feasibi lity of geotherma l power
extraction will be unders tood and pursue d in the land-based environment, the
scope and magnitude of marine-based activity toward this end wil l  be limited.
There will be searches and an inventory of potential underwater geothermal

sites, but we do not expect the U.S. or most nations in the international

community to pursue underwater geothermal. Cost efficiencies, the nonrenewable

nature of geothermal deposits, the unanswered environmental effects of exploiting

these deposits, and the overall greater appeal of other energy alternatives

will each work against either widespread or moderate development of this poten-

tial energy source. Within the forecast period we would expect at least some

offshore geothermal drilling operations, probably in the tectonic plate area

off the West Coast.

Salinity Power Gradients

In sp ite of the large magnitude of potential energy which could be
harnessed via-a-via osmosis to capture salinity gradient s for  electrica l
generat iqn, the conceptua l stage of this alternative requir es a wea l th of
additiona l studies to prove practica l for  the U.S. Many economic, technical ,
and environmental questions remain unanswered. Some government—sponsored

research in the area is already under way, and during the 1980’s we will have
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some answers to these many q ues t ions .  But the likelihood tha t this alternative

will provide even a small proportion of our nation ’s energy needs before the

end of the century is low, even if these results during the next decade are

favorable. We believe that the possibility exists that one or more salinity

gradient power stations will be operating in the Mississippi Delta region by

the 1990’s, but these plants will be small—scale demonstration projects, perhaps

providing electrical power for the coastal areas, but the populations utilizing

this energy form will not be significant in size.

Deepsea Pressure Power

The mere fact  tha t this energy alternative ~n the marine environment
has very limited geop hysica l app lication wi l l  inhibit the development of deep-
sea pressure power fo r  use in the U.S. The scantiness of deep ocean trenches,

in addition to their great distance from the U.S., will impede further technical

and economic feasibility studies for this energy alternative; there are simply

too many other feasible energy forms for the U.S. to pursue.

There is a possibiltiy that Japan will explore further this approach,

but the future of deepsea pressure power ~a contingent upon the success of

other energy ey~tems . Given the close proximity of many deep ocean trenchcs

to Japan, pressure power is likely to receive some attention in this country.

Yet Japan will pursue other alternatives which have a greater feasibility,

consume less cost to develop, and are more practical for widespread application ,
e . g .,  solar collection, wave generation , etc.
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FIGURE 4—3 : TAILORE D VIGNE TTE - ENERGY

FORE CASTED DEVELOPMENT S 
— 

PR OBAB ILITY / TIMING

1981—85 1986—92 199 3—2000
ENERGY INTENSE ECONOMIC GROWTH AND SOCIAL DEVELOP ME NT
IS CHOSEN AS FUNDAMENTAL COURSE FOR INDUSTRY AND soc i~ ri H H H

SEARCH FOR ALTERNATIVE ENERGY SOURCES CONTINUE S TO GROW
• NEED FOR GRE ATER ENERGY INDEPENDE NC E INCREASES G H H

• REALIZATION OF EXHA USTIBLE NATURE OF FOSSIL FUELS

U . S .  DOMESTIC ELECTR I CAL GENERATION CAPABI LITIES/
rA’~~.CITY BEC OME MAJOR AREA OF CONCERN AND CRISIS C H L

SYSTEMATIC DISCOVE RY/INVENTORY OF EARTH ’S TOTAL ENERGY
RESOURCES/RESERVE S EVOL VE S AT A RAPID PACE L C

DEMAND FOR OIL AND GAS INCREA SES IN ABSOLUTE TERMS • AND
SUSTAINS THE NEE D/DEMAND FOR OFFSH ORE DEVELOPMENT OF H q H
THESE RESOURCES

ENVIRONMENTAL !SSUES/DE BATE S WILL INCR EASE , BUT OFFSHORE H H H

OIL AND GAS RES ERVES WILL CONTINUE TO BE PURSUED
• SOME HIGHLY SENSITIVE LOCALES WILL PROHIBIT OF F— H H G

SHORE OIL AND GAS EXPLORATION AND EXTRACTION
ACTIVITY

• ENVIRONMENTAL STANDARDS WILL CONTINUE TO EMERGE H H H
AND REQUIRE INC REASED COSTS FOR COM MERCIAL DEVEL-
OPMENT /EXT RACTION

• COMPARATIVE ECONOMI C FEASIBILITY TO TAP RESERVES L C H
FARTHER FROM COASTAL MARGINS INCREA SES

• COMPETING INTERESTS FOR CONFL I CTING USES OF C H H

CERTAIN MAR INE AREAS INTENS IFY
• NEED FOR NATIONAL POL ICY AND GUIDELINES FOR SEA H H H

USE IS RE I NFORCED

• OPERA TI ONAL SYSTEM EMPLOYED FOR EXPLOITI NG OFF SHORE OIL
AN!) GAS ENTAILS:

• SUR FACE RIGS “DRESSED -UP ” TO MEET ENVIRONMENTAL / H G C
AESTHETIC GUIDELINES

• SEMISUBMERG ED RIGS H H G

• BOTTOM—BASED RIGS WITH DRILLING FACILITIES AND L C H
TEMPORARY WORKING/LIVING HABITATS

• UNDERWATE R PIPELINES CONNECTED TO OFFSHORE WELLS H H H
FLOWING OIL/GAS DIREC TLY TO REFINERY POINTS

• FLEXIBLE HOSES CONNECTE D TO OIL TANKERS FROM BOTTO~ C H H
RIGS

• EXPERIMENTAL REFINERY HOOK- UP ON OCEAN FLOOR AND/OF M L C
A FLOATING PLATFORM

COAL BEC OMES INCREASINGLY IMPORTANT SOURCES OF ENERGY IN
U • S., AND SERVE S AS CATALYST TO EXPLORATION AND DEVELOP-
ME NT OF OFFSHORE COAL PRODUCTION SYSTEMS

• OFFSHORE COAL RESERVES ARE PLOTTED IN U.S. TERRI- L C C
TORIAL WATERS

• BECOMES TECHNICALLY AND ECONOMICALLY FEASIBLE TO c C H
EXTRACT

M — minimal C - good
L -low H — h igh
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FIGURE 4—3:  TAILORED VIGNETTE — ENER GY ( C o n t i n u ed )

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ P R O B A B I L I T Y / T I M I N G

1981—85 1986—92 1993—2000
• ARE EXTRACTED UNDERNEA Th SEABED FROM LAND—BAS E D —_______

SHAFTS C H
• ARE EXTRACTED FROM UNDERWATER MINE SITES L C U
• SITES ARE EQUIPPED WITH TEMPORARY LIVING QUARTERS M L (;
• SITES ARE CONNECTED TO SURFACE RIGS M L C
• RESERVES LOADED AND TRANSPORTED IN BARGES AND OTHER

BULK CARGO VESSELS M L C

• COAL IS CRUSHED iN OFFSHORE FACILITIES AND TRANS-
PORTED TO LAND PROCESSING FACILITIES VIA A SLURRY M L C

PIPELINE NETWORK

OFFSHORE URAN IUM PRODUCTION BECOMES INCREASINGLY ATTRA C-
TIVE DUE TO:

• OVERALL INCREAS ING SOCIETAL/INDUSTRIAL DEMAND FOR C H Ii
NUCLEAR FUE L

• SKYROCKETING PRICE OF LAND—BASED URANIUM SUPPLIES H H H

• TECHNICAL AND ECONOMIC COMPETITIVENESS OF URANIUM L C H
EXTRACTION VIA CHEMICAL PROCESSES

• DETERMINATION OF SIZABLE SEABED DEPOSITS OF URANIUM M C C

EXPERIMENTATION AND USE OF LAND—DERIVED BIOMASS ENERGY G I H
WILL IN CREASE

• A FEW EXPERIMENT S WILL BE UND ERWAY TO CULTIVATE ,
HARVEST , AND PROCESS KELP ON THE WEST COAST L C C

• CONSIDERATION OF ALCOHOL TO POWER TRANSPORTATION
VEHICLES FACILITATES FURTHER CONSIDERATION/UTILIZA— M L C
TION OF KELP

HEIGHTENING ISSUES/CRISES RELATED TO ELECTRICA L PRODUCTION
PRECIPITATE GREATER AMO U NT OF OFFSHORE ACTIVITY AIME D AT G I-I L
GENERATING EL ECTR I C I TY -

PUBLIC SECTOR BUDGETS INCLUDE EXTENSIVE AMOUNT OF
PROGRAM FUNDS FOR VARIETY OF ALTERNATIVE ENERGY H H H
FORMS TO PRODUCE MORE ELECTRICITY

• OTEC BECOME S YAK TLAL SOURCE OF ELECTR I CAL c H H
GENERATION FOR SOME COASTAL MARGINS

• TIDAL POWER CONVERSION FINDS APPLICATION WIThIN L G H
OR NEAR U.S. WATERS

• NATIONS OTHER THAN U .S .  ARDENTLY P IJR SUE WAVE c G H
POWER CONVERSION

• U.S. EMPLOYS NETWOR K OF WAVE-POWERED BUOYS C H H

• SOLA R APPLICATION IN OFFSHORE ENVIRONMENT RF.ACHE~ H H G
EXPER IMENTAL STAGE

• SOLAR PANELS/COLLECTORS EMPLOYED OF OFFSHORE
STRUCTURES FOR MULTIPURPOSE ELECTR ICAL/ENE R( ,Y M C C
PRODUCTION

• WIND ENERGY CONVERSION HAS LIMITED OFFSHORE c H H
APPLICATION

• OFFSHORE NUCLEAR POWE R PLANTS CONSTRUCTED IN H
U.S. WATERS C. C

• NATIONS OTHER THAN U.S. PURSIIE HARNESSING OF 
HOC EAN CU RREN TS TO PRODUCE ELECTRICITY I. G

• VE RY LIMITED UNDERWATER GEOTHERMA L ENERGY 
C

ACTIVITY OFFSHORE I. H

4—35 (Continued)

— _I-___-_
~~~ ~~~~~~~~~~ 

— — — — — —— —
~~

.—• — — ., —--- 
~~~~~~~~~~~~~~~~~~~~~ 

—. —.... ~~~~~~ 
—



FIGURE 4—3: TAILORED VIGNE TTE — ENERGY (Continued)

FORECASTED DEVELOPMENTS PROBABILITY/TIMI NG

1981—85 1986—92 1993—200 0

• FURTHER STUDIES ARE UNDERTAKEN TO EMPLOY
SALINITY GRADIENTS TO PRODUCE ELECTRICITY L C G

— YET THIS ALTERNAT IVE WILL NOT BECOME A PRI-
MARY OR SECONDARY SOURCE OF ENERGY FOR U.S .  H H C

• TECHN ICAL AND ECONOMI C FEASIBILITY FOR DEEP SEA
PRESSURE POWER FOR U.S.  DOES NOT MATERIALIZE H H H

— YET AT LEAST ONE OR MORE OTHER NATIONS M L G
UNDERTAKE SIGNIFICANT TESTING/EMPLOYMENT
OF THE CONCEPT
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CHAPTER 5: MINERAL MINING OTHER THA’-l FOSSI l. I ’ I iE i . ~;

DE FIN IT ION

Underwater mineral activities include the extraction of all nonliving

material from beneath the surface of water. However , f or the purposes of

this discussion, basic energy materials which fit this definition and are

formally a component of mineral mining are included in the previous chapter

dealing with energy related activities.

The underwater overall/mineral mining or extraction activities are classi-

fied into three basic classes. There are sixteen specific mineral mining

activities within these three classifications ; two of which are energy related.

See Figure 5—1.

FIGURE 5—1: UNDERWATER MINERAL EXTRACTION ACTIVITIES

Basic Classes Specific Act iv i t i es

Oil and natural gas (see Chapter 4 on Energy)

Beneath Coal (see Chapter 4 on Energy)

Bottom Sulphur

Hard rock and other minerals

Fresh water aquifers

Sand and gravel
Bo ttom Limestone and shell
“Collection ,” Placers
“Stripping, ” Manganese nodules

and Red clay/ooze
“Pi t t ing” Hard rock

Phosphorite
Metaliferous mud

Chemical extraction
In Water Desalination

Icebergs
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BACKGROUND

Some offshore mining activities are presently operated , such as t h e

extraction of sand and gravel. But expanded development of offshore mining

activities remains for the fu r tu re .  Essentially those factors discussed In the

las t chapter on energy, which will  catalyze offshore exploitation are operative
for underwater mining or extraction activit ies.

Within the U.S., land supplies of many minerals are dwindling and these
minerals are approaching projected shortage levels. Minerals located outside

the U.S. must be imported. U.S. independence and stability of supply are Important

for an increasing number of critical minerals uses as raw materials in our economy .

General attention to the marine environment, plus the search for alternate mineral

reserves is leading to a growing awareness that the marine environment contains

extensive reserves of important minerals.

Technological capabilities and related constituencies/interest groups ~re

increasing, and the overall future in underwater activities related to mineral

resources extraction promises to be dynamic in a variety of areas.

FUNCTIONAL SYSTEM

There are six basic categories of functional components or systems associated

with these activities. These functional components carry some of the same nomen-

clatures and definitions discussed in Chapter 4 on energy operational systems.

However, as will be shown later , the substantive information contained within

these generic categories is significantly different and quite unique.

• End Use Consumption Systems: Underwater mineral mining
operations are almost exclusively done to support some land
based operation or industry. One of the driving roces for
marine mining stems from an increasing inadequacy of land—based
sources of minerals considered cr itical to the U.S. and other
advanced economies. Based upon currently known deposits of
minerals found offshore, these end—use systems include construc-
tion and industrial raw materials, precious me tals and gems,
fertilizers and agriculture, and fresh water systems.

• Offshore Mineral Reserves/Potential: At the other end of
the operational system spectrum are offshore mineral reserves
known to exist and the general professional judgment that
there are many otner reserves not yet charted. These rather
large potential sources apply to all of the minerals enumerated
in the definition.

5—2
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• Discovery Systems: All mechanisms utiliz.~’J $ ‘ ~ d’ I~~- t

quantify mineral deposit~ including samplinq m.~thod~;, ~~ r w i r i q
techniques , and geological instrumentation systems are part of
this general category.

• Extraction Systems: Extraction systems are all mechanisms
to isolate the desired commodity from the ocean environment.
Dredging techniques, drilling mechanisms , and purification
methods are typical representatives of present extraction
technologies.

• Interim Transportation Systems: After extraction , in most
traditional resource systems, the product has to be transported
to a refining or processing facility. This aspect of the
opeational system is common to both land and water extraction
procedures. The mode of transportation will vary according to the
material that is removed; in some situations a pipeline will be
applicable whereas another situation may demand the use of
a vessel.

• Refining System: Most extracted materials are in a crude
form and require a purification step. The processing mechanisms
that upgrade or refine minerals comprise this category.

FIGURE 5-2 : FUNCTIONAL CO~~ONENTS OF THE OPERATIONAL SYSTEM

GEOPHYSICAL PERSPECTIVES

Each of the specific underwater miner al act ivi t ie s has different geo-

physical situations. However , there are common features which must be ful—

f i l led.  These incl ude :

• The physical location of the minerals is determined by
where nature has provided the,,. These locations cannot te -a~

--
~’ . 

-

changed l,y huMa n interve ntion . 
—

• The operational environment where the deposits are found
must be co~~ ata ble with the level of technological develop- . ~‘

Cent which can permit extraction to occur.
-
~~
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Figu re  5—3 o u t l i n e s  the specif1~ geographical areas whert- ~u r r e n t  k n ow l e d g e

suggests  t’he~ e m i n er a l  m i n i n g  ac t i v i t i e s  are most l ik e l y  to oc c u r .  A g r ap h i c

r e p r e s e n t a t i o n  of these m i n e r a l  loca t ions  is  found  on page S — I l .
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TA I LORED FORECASTS

BASIC CONCEPTS

End—Use Consump tion Systems

Current and forecasted demand for mineral resources depends upon the

following basic technological systems :

• Construction aggregates——the materials utilized by the
building industry to support structures and pave roads

• Industrial processing——the utilization of specific metals
for industrial hardware and production facilities

• Precious metals and gems—-the minerals that have unique
social value for the ir beauty and rarity

• Fertilizers and agricultural industry--the transformation
and purification of minerals particularly the use of phos-
phates and limestone to create agriculture fertilizers

S Fresh water systems-—all known use of fresh water partic-
ularly for agricultural irrigation

Offshore Reserves/Po tential

The available supp ly of und e rwa ter mineral  resources has a t some leve l a

f i n i t e  capac i ty .  Although the deposits thus far assayed seem to offer tremendous

mining opport unities , the ultimate description of a nonrenewable supply stream

is appropriate. There are no known concepts whereby the total reserves of mineral

deposits could be augmented . (It should be noted however , that some scien tists

have hypothesized extracting minerals other than salt from the ocean water by
chemical/physical means.)

Discovery Systems

Detection systems for minerals have two primary purposes; to locate the

deposits and ascertain their composition. Traditionally, mineral deposits have

been anal yzed by some sampling mechanism which extrac ted the mineral from the

seabed , and brought it out of the ocean environment for visual and chemical

evaluation. Present technolog ies are directed to elimination of this latter

step. Seismic , electric , magnet ic  and opt ica l  sensors are now in use or under

development to supplement and replace older methods of direc t sampling. In

the future , scientists will be able to accurately map the size, location and

composition of mineral deposits without any direct extraction step.
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Extract ion Systems

With the exception of the “water” extraction activities most mineral
extrac t ion systems are defined by the mechanisms required to dislodge and
collect an ocean mineral deposit from the seabed and the transport of that
mineral to a collection or processing facility.

Near—shore deposits are removed conventionally by dredging systems. At
low depths a bucket ladder dredge is employed which simply rotates a series
of scoops from a surface vessel to the ocean bottom and back to the ship.
As dredging systems go to greater depths, hydraulic pumps, which act as large
industrial vacuum cleaners are utilized .

Technological concepts for Improvements include new corrosion resistant

materials, quicker rates of extraction , the ability to dredge in a variety

of disruptive envirunmenLs , and the development of underwater equipment that

will withstand bend ing and shearing stresses. The required innovations to meet

these o b j e c t i v e s  will stem from new emerg ing technologies which include :

For Shallow Water— -

1. Sem1sub~ ersIble dredges——Conceptuall y these devices provide

greater ocean stability and operate at deeper depths than dredging systems

presen tly employed . These systems will , in times of nonuse , reside 15 feet
below the ocean surface and during operations to increase the system’s stabil-

i ty  be flooded and remain 25 feet below the surface.

2. Submersibles dredges——These systems are for near shore excavation

of sand and gravel and are employed in depths ranging from 20 to 100 feet, and

can be remotely controlled or manned.

3. Dredge head control mechanisms——Will include the utilization of

television cameras to direct dredging procedures , underwater stabilizers

to reduce the dredge head ’s movement in response to stresses such as waves of

currents , remotely controlled programs which operate dredges in specific deposit

pockets and internal hydraulic pumps to increase efficiency rates of extraction .

For Deep Water and Nodule Mining——

1. Hydraulic lift systems——The dredging mechanisms work like a

large scale underwater vacuum cleaner in which the nodules are lifted through

a pipeline to the transporting vessel. This system has successfully been tested

at depths of up to 3000 feet.

P
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2. Continuous bucket—line  systems consist of a string of buckets

that are lowered and dragged along the bottom and return to a given vessel

with the nodules. This procedure has successfully been tested at 4000 meters.

Interim Transportation Systems

Two basic concepts exist by which extracted minerals from the ocean can

be transported to the land. Pipeline transmission which now operates as a

vehicle f or di rect land refill potentially offers spin—off technologies and

developments. For example, coastal extraction of phosphorite may be directly

injected in a pipeline which leads into a fertilizer plant. The pipeline would

be flexible and bendable enabling the dredge head to cover a wide area of

deposits. This approach eliminates the need for loading and unloading of

vessels.

The second approach will see developments in the traditional transportation

mode of direct vessel usage. To improve the economics of transporting large

quantities of mined resources, vessel size may expand to accommodate extraction

efficiency. In this perspective, the development of a super tanker for mineral

cargoes could be an emerging technology .

Refining Systems

Most minerals extracted from the offshore environment require some form

of further processing. For purposes of this analysis, the primary distinction

of importance is whether the refining process facilities are located onshore or

offshore. For onshore refining procesaea, the significance to the underwater

activities forecast is primarily related to the methods of interim transporta-

tion discussed above.

For offshore refining process facilities many more implications are involved.

It is potentially possible to locate refining processes either on surface vessels

which move with the extraction systems, or in semi—submerged or bottom based

facilities.

There are concepts currently hypothesized whereby fertilizer plants,

which are large consumers of energy, might be located offshore adjacent to or

incorporating an energy generation capability and accepting the offshore raw

materials directly into the plant rather than transporting to a shore—based

vacu ity.

As was discussed in the previous chapter on energy , concepts for ocean

floor ref iner ies  of various types have been suggested .
Stil l other concepts express the possibility of offshore industrial corn—

plexes usually harnessed to floating platform s or ar t i f icial  islands.

_ _ _ _  - - _ H
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TAILORED VIGNETTE

Many of the basic issues associated with the overall choice of continued

industrial intensity which were discussed in Chapter 3 are equally applicable

to the general area of minerals mining. As was indicated in that chapter , we

anticipate that the basic choice will be for continued industrial intensity

within the context of a growing need for more national control over the stability

of supply of major raw materials both in terms of availability and cost. Since

these forces are emerging at the same t ime that continental land based supplies

within territoriai lurisdictions ~ontrolled by the U.S. are becoming more

scarce, we anticipate that the general national need for development of the under-

water mineral reserves will cr,ntinue to emerge and will become increasingly identi-

fied as a n-’atter of inrrortant national policy and priority.

The demand lot tois exploitation/development of underwate~ mineral re-

serves will not he uniform across all categories. Excavation will occur selec-

tively. The prioritization of will emerge in terms of the overall needs of the

national economy rather than in terms of the vested interest and desires of the

offshore marine mining industry . Since the stimulus of governmental incentives

and regulation will be an important component of the offshore mineral develop-

ments , nationa l priorities and national governmental policies will be of special

significance to shaping the structure and evolution of the offshore mining

industries.

We have already discussed in Chapter 3 the o f f shore  mining ac t iv i t i e s
for uranium. As was seen In that chapter , petroleum and natural gas are seen
as a key driving wedge which will spearhead the overall offshore minerals in-
dustry . Another motivating factor will be the need for currently mined minerals
for which there is a growing demand but a di~’indZing land-based supp ly. Examp les
Include san d , gravel , limestone and shell. The den~nd for minerals which are

~uj t, pre s ent l~j  mined from the ocean, but have a strategic or economic significance
will  be active ly r ’uraued. Examples include copper and manganese such as is

found in ocean nodules.

In all three of the above categories, the conrparative cost disadvantages

presently associated with offshore development will gradually be neutralized.

This will result  from many factors.  T)iscovery techniques will be more precise

and often operated by scientific teams. Special governmental incentives for mat-

erials regarded to be especially important to the overall national economy are

another factor . Since government owns the seas, and the mineral rights can be ~~
- -
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made available on a variety of terms is ~t t l l  a third i n g r r d lriit . f l u f~ i I  n I

desirability to many states and vested interests to -having the .~xp lo Itat1n,i, ,f

offshore minerals opened up through governmentai ieadershi p and investmtrnt lii

initial technological advances will also contribute. Finally, the rapidly excala-

ting prices associated with resources which are land based and which must increas-

ingly be transported from other nations and continents will also tend to rapidly

close the cost/effectiveness gap between the onshore and offshore mineral reserves

within the categories discussed above.

Suitable aubstitute8 for various minerals will be tecnnically feasible

in some end-use systems. However, the diver8e end products that minerals are
incorporated into, the continued reliance upon them in sophisticated electronic

systems, and their utilization in new technologies w i l l  be sufficient to out-

weigh the inrpact on demand fostered by the development of substitutes.

The agricultural sector is, of the listed end—use consumption systems,

the most likely to be modified in our forecasted period . Mew genetic advances

In nitrogen fixation may curtail the reliance farmers presently have on chemical

fertilizers. Environmental pressures and regulation will increase the concern

about the long term harmful effects of these agents. These events may reduce

some of the interest in the mining of ocean minerals, such as limestone and

phosvhorite, that have direct application to the fertilizer industry .

Becau8e minerals are fundamenta l aspect s of our nationa l economic, technical
and agricultural base, the socio/political climate will remain favorable to

unilerwater exploitation for mineral resources.

For decades the U.S. has developed a worldwide technological ~mnd agri-

cultural leadership . The mineral supply systems upon which this leadership

is partially founded has been relatively consistent. Should diacontinuities

develop either from diminishing land supplies or from the lack of available

Imports, the internal motivation to exploit our own offshore resources would

be enhanced . This would be manifested by federal investment in both pr ivate
and public ventures.

Environmental issues will esca late in national importance ar4 concern but
they will not imp ede the overall exploitation of ocean minerla. As environmental

standards evolve for  app lication of seabed resources, new methods for  extrac tion
requiring increased costs of development will emerge. These reàtriationa will
develop initially where conflicting uses will be moat intense, requiring the
greate8t p lanning and regulation.
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Dredging sy:.I ems for ‘ ; jS L O  I (xp l (-r ?l t - ~,i 1 ~~~ ,~~ to ~)( der~ igne.I ~o

not to d i s r u p t  ocean bot r ~~~ € c o s -~stem ~,. E n v i r on n 1 e nr a l  r ’~ ; t r f c t 1o n s  w i l l  tend

to push exploitation further away from shore. As t h i- need t~ ri- tam ecological

and aesthetiL standards intensifies , the enclosed bottom dredge system concept

will become more popular , in itially being rtpplted in areas of multip le use.

Environmental regulations may also catalyze the idea ot redepositing ocean

bottom residues to land refill sites.

As indicated in the preceding section on energy , the Issues rising from

competing Interests for uses of ocean area in which mineral deposits are located

will continue to increase and intensify. This ultimately will lead to the re-

quirement for some form of national policy guidelines regarding sea zones, and

permissible uses therein. Political administration and judicial procedures will

be developed to provide for the processes needed to resolve these conflicts.

As the general offshore mining Industries emerge, there will be a spillover

effects in such a manner as to make it further economically feasible to make

incremental inveatmunts for exploitation which would not otherwise be justified

in its own terms. Within the next two decades, the offshore mineral mining

industries will reach the “takeoff point ” in terms of their economics of develop-

ment. gconomics will be used to encompass a demand for minerals, a natural reserve

of the minerals , and the economically feasible technologies through which to

extract the minerals.

The general capabilities rind activities which will be at the forefront of

this emerging “eubecononnj” will become increasingly evident throughout the remain-

der of the twentieth century.

The continued evolution of the offshore mining industry will generate a

variety of international conflicts. These will be of three basic type8:

• Conflicts in rights of development and exploitation of offshore
resources

• Conflicts in the “own’�rship ” of economic value or income derived
from offshore development

• Conflicts in the relationsh ip betwe~ n advanced nations ’ exploita-
tion of the offshore ri-~sources and the implications such develop-
ments hold for the economies of nations now exporting those
resources from land—based reserves

The universal ownership of  the oceans ’ resources , with an effective world

orgar’isation to manage the development of the resources and the distribution of
values derived therefrom, will not become a reality during this century. There

5-I l
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likely will be a variety of treaties and agreements as to t h e  eondit ion ~ t ind er

which exploi ta t ion can take place. These wi l l  be enforced through adaptations

of current international bodies.

As a consequence of the above , there will be significant political and

economic pressures for advanced nations whose economies are resource dependent
to devêlóp rapidly offshore mineral mining. These nations will generally t~nd

to benefit if the oceans remain internatiooal. Thus, they will not heartily

support universal ownership.

At the same time , as the oceans currently considered to be internationa l

~zters, are developed and become isrpor ’tant sources of t wealth, thôre will be a
drive to extend national control and boundaries, especiall y economic boundaries ,
well beyond the 200 mile limits wnich have emerged recently. These trends will

tend to create a variety of conflict8 as to rights of access, particularly in

those areas involving straits or other channels of relatively narrow passage.
The basic dynamics of these trends are already underway. The entire history of

human development reflects that as the economic values of various unclaimed areas

rise, the conflicts over rights to the resources also arise. We see no reason

to believe the offshore resources will be different , unless some effective

international ownership body becomes a reality.

The general tendency will be to extend the economic zones from current

boundaries. Nations not bordering the sea could seek a redress of a perceived

injustice through various forms of a variety of clandestine antisocial technol-

ogies.

The oceans probably will remain open for transport and passage of

commercial vessels, but will be continually and increasingly controlled in terms

of extraction of resources.

Oil and Natural Gas

See Chapter 4 for forecast on utilization and extraction.

Coal

See Chapter 4 for forecast  on u t i l iza t ion and extraction .

Sulfur

The excessive supp ly of land-based sulfur will encumber furthe r expanded
offshore exp loration in the iisnediate short term. However, as new products

are developed and as offshore exploration for oil expands an associated increase j~
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in suif’4r extraction from the ocean wi l l  dave ion c’Jur1~ng the last phases 
(
~J the

forecast period. Technolog ical research curren t ly is creating a hos t of new

sulf ur based prod ucts incl ud ing app lications in the fo]lowing areas: construc-

t ion , aggrega tes, plastics, wa terproof ing  componen ts, substrate for food produc-

t ion. We would anticipate that as these new sulfur products become operational—

ized , the demand for sulfur as a commodity will increase significantly. As these

even ts emerge , the exploration for offshore oil should be expanding rapidly.

Sulfur discovery is closely assoc ia ted w ith the exploration for oil. Thus, we

would foresee new sulfur pockets inventoried for size and location. The “Frasch”

method oi ex t ra ct ion , the injection of steam into the sulfur deposit and subse-

quent flushing of the well site, should continue to be improved and refined for

extraction efficiency. Further extraction most likely will be in the Gulf

of Mex ico , where known sulfur deposits exist.

Hard Rock Miniqg

The technologica l innovations developed for extraction of coal (see

Chapter 4 on energ i) wi’l create the technolog ical base tc5 extract hard rock

mineral and selective mining will occur. The extent to which hard rock mining

occurs will be a function of the commodity market conditions at a .‘~iven t ime

period; however , lead , iron , and manganese are critical metals to the national

economy in which a higher probability for extraction exists. Technological

adaptations from offshore coal and oil extrac tion may include underwater

mine sitings with underwater living quarters and offshore refinement or

processing facilities .

Sand and Gravel

The demand for sand and grave l as key co~rponents in construction aggregates
wi l.7. accelerate and the cost of utilising land-based deposits also will increase.

The min ing  of o f f s h o r e  sand and gravel is a demonstra ted  technology wi th  applica-

t ions throughout the world , and is an expand ing industry within the U.S. The

explo itation of land-based sand and gravel will become increasingl y unattractive

beca use of deple t ion of a l ready known depos its , and because of the high cost of

- .  transportation. Offshore exploitation shouLl expand most frequently in major

me t ropol itan areas where the cos t of ob tain ing land based aggrega tes compe tes
with those derived from the sea.

As the activity expands, rapid technological adaptations and adva ncements
will occur for offshore mining techniques. Environmental concern over disrup—

tions of the ocean bot tom and the visib ility of traditional dredging operations
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will spur increased utilization of the semisubmersible or submersibi dredgc .

We an ticipate the extracted material will be transported from an underwater dred ge ,

controlled remotely or manned , via pipeline directly to cement processing plants

located on shore or f’oating immediately offshore .

Limestone and Shell

Offshore mining of limestone and shell will be coupled with the extraction

of sand and gravel; thus, as stated in the previous paragraphs , a rapid emergence

of this activity is anticipated. The extraction of limestone and shell is

associated intimately with the removal of sand and gravel in that these mater-

ials often are located in the same geophysical locations and utilize the same

operational systems for extraction . Because limestone can be used as a base

for fertilizers, extraction from the Gulf of Mexico where there is a large

agricultural demand will be for these purposes, whereas northern Atlantic ex-

traction primarily will be to generate construction aggregates, the other major

end use.

Placers

The demand for the minerals comprising the p lacer category, the heav~,

minerals, will become accelerated as land-based supp lies become exhausted and i

importation prices escalate. The metals entitled placers are critical to the

national economy and are heavily utilized by industry . As the offshore mining

industry expands into the areas of sand and gravel , limes tone and shell , we

would anticipate technological spinoffs which enhance the likelihood for placer

extraction . The stratified nature of placer deposits will require an increasing—

ly sophisticated dredge head for underwater removal of these minerals. The sub-

mers ible dredge , which promised greater control in extraction will facilitate
the development of placed mining . The underwater exploitation of placers will

also be promoted by national efforts to improve the balance of trade , and to

de ter poten tial car tels from develop ing . Many of the placers currently imported ~Ir1

from foreign nations , some of which can be viewed strategically as unsafe.

Manga n ese Nod u les

-
‘ I / ic 7nte rf l a  t. 1,fl( ~~i 1 (7(7?fl~ (7 t-z ti-on J — ) v  e.’nr i-c - .’ t~a tion and the associa. ted 7i .j i

value ), th(7 Cf l . 7 ( 7 n t 7  i i  (7 Of l ,: O(7( nts within the nodules will foster ij ea;- i-d accel-

eration in wor idwid ’ extr aetwn . The min ing of th e  nodules has been demonstrated

technolo gicall y and economic anal yses indicate that this resource could he

extracted in a cost—effective manner . As stated previously, we do not foresee

the development of universal ownership of the world’s mineral resources, ra ther
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p o t en t i a l  rou t 1 h tc over r ights of n a-m w w ill emerge. ‘i’echno 7oyi al advaneco
tn cxtrar ’tlon (f l( f I i ( ltj w i - I l  j ~uiiii to te ~c te ani.1 depth at which the mining f o r
nodules occurs. improvements  in h ydr aj l i c  puimj - -s to increase suction capabil i t ies

and refinements in the bucket floe system are anticipated . Init ial extraction

should Occur in the Pacific ocean since the deposit concentration of the

nodules is greater than in the Atlantic ocean.

Red Clay/Ooze

Given the present conditions, land-based supp ly of minerals contained within

red clay and the projected high cost of extraction of this material, thia activity

is not expected to emerge in any sizable fashion during the forecast period.

Nonetheless, it is conceivable that some small—scale operation could be

initiated prior to the year 2000. Th~ geographical locales will further en-

cumber exploitation .

Phosphorite

The abw2dance of ’ land-based supp lies of phoaphorite will deter extraction

of this mineral from the ocean during the early ph ases of the forecaci period;

however, by the :jear 2000 some offshore exploitation of pho sphorite can he
anticipated. The most widely applied use of phosphorite is in the produc t ion

of fer til izers, of which the U.S. is the largest producer and exporter. We

would anticipate that the demand for fertilizers worldwide and nationally will

foster the continued extraction of phosphorite from the land . However, the

extraction method s that are utilized for sand and gravel, will have d irect
application for the remova l of phosphor ite. By the year 2000, as land—based

suppl ies begin to becom e seriously depleted , we would anticipate that a shift

t rom land to ocean extraction of phosphorite will occur .

He tal iferous  M

The high ‘or, cnfrVion of valuab le minerals embedded in rnetaliferous muds,

in ‘ionjunction with Lhr e’ncrq ing teohnoloq~1cs for dcc;.’ sea mining , will enable
the extraction of thrc ~ muds to he acconrp i -T&ie.l in some exp loratory phase by

the : ‘ °~~ 
2000. Geologist , have been aware of the potential resources that lay

immedia te ly  below the m e t a l i f e rou s  muds.  However , ex t r ac t i on  seemed u n r e a l l s—

t ic because of a large technology gap. The tcchnolog le s tha t ar e being developed

for deep sea oil extraction , and nod u le m ining wil l  have spinof f appl ica tion

for the mining metaliferous muds. From a resource perspective, many of the valuable

minerals within this geophysical region will be in short supply by the year 2000.

Thesr two fantors , the technological know—how and the resource demand , should promote 
~
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some international exploitation of metaitferous muds. The most l ikely reg~on

for initial extraction may be the Red Sea. This area has had initial

inventory completed on mineral supply . Other areas of operations will be

in regions where tectonic plates are joined , such as oceani c ridges in the

Atlantic and Pacific oceans.

Chemical_Extraction

The removal of minerals such as salt, bromine, and magnesium from the

ocean will continue to occur throughout the forecast period. However, these

app lication will not 8hift from land-based production facilities to ocean-

sited production p latforms or any other ocean operational milieu. Thus , their

impact on the underwater environment of which we are primarily concerned will

be of little significance.

Desa l ination/Iceberg Towing

The demand for fresh water will increase substantially in the next twenty

yea rs due to the changing nature of world climatological patterns , the expand-

ing world population and the continued need for agricultural irrigation. These
events will spur new investigations to harness or produce water and, subsequently,
desalination p lants will expand in size and number and some type of iceberg
towing app lications will occur . In both of these situations the U.S. need for

application is les8 than those of countries which have predominately arid

climates. Thus, many of the mideast nations utilize desalination plants as a

suppl y of water and current ly  are f in ishing the initial  engineering concepts
for iceberg towing. The adaptation of desalination plants most likely will

occur in regions of the U.S. which are subjec t to drought conditions , yet tra-

ditionally are in an agricultural area of production . Southern California fits

this description and is a high probability candidate for a U.S. desalination

plant .

1



FIGURE 5—5: TAILORED VIGNETTE — MINERALS

______________________________________________________________ 
PROBABILITY/TIMING

FORECASTED DEVELOPMENTS 1981—85 1986—92 1993—2000

INTENSE INDUSTRIAL ECONOMIC GROWTH REMAINS PREFERENTIAL H H HCHOICE OF SOCIETY

EXTRACTION OF OCEAN MINERAL S BECOME S IMPORTANT ASPECT OF G H HNATIONAL POLICY AND PRI ORITY

MOTIVATING FACTORS FOR OFFSHORE EXTRACTION INCLUDE :
• TECHNOLOGICAL DEVELOPMENTS FROM OIL AND GAS EXTRACTION C C H
• DEPLETION OF LAND BASED SUPPLIES L G H
• MINERALS VIEWED AS STRATEGICALLY SIGNIFICANT L C C

COST DISADV ANTAGES ASSOCIATED WITH OFFSHORE MINING WILL BE
NE UTRALIZ ED BY :
• IMPROVED DISCOVERY TECHNIQUES G H H
• GOVERNMENT ECONOMIC INCENTIVES G H C

• TRANSPORTATION COSTS OF LAND BASED MINERALS H C L

FAVORABLE SOCIO/POLITICAL CLIMATE FOR UNDERWATER EKPLORATION G H H
REMAINS

ENVIRONMENTAL ISSUES WILL ESCALATE IN NATIONAL IMPORTANCE
BU; WILl . NOT SERIOUSLY IMPEDE EXTRACTION

• IMPROVED DREDGING DESIGN IMPACT LESS ON UNDERWATER C H HENV I RONMENT
• NEED FOR NATIONAL POLICY AND GUIDELINES FOR SEA USE C H G

AND SEA ZONES REINFORCED

UNIV ERSAL OWNERSHIP OF OCEAN S ’RESOURCES WITH AN EFFECTIVE M M M
WORLD MANAGEMENT AND DISTRIBUTION SYSTEM BECOMES OPERATIONAL

EXTENSION OF NATIONAL BOUNDARIES BEYOND THE 200 MILE LIMIT M G G
REALIZED SO THAT NATIONS CAN EXTEND THEIR ECONOMIC RESOURCES

SEE CHAPTER 4 FOR TAILORED VIGNETTE ON OIL ANT) NATURAL GAS,
AND COAL EXTRACTI ON

GULF COASTAL STATES EXPAND OFFSHORE SULFUR PRODUCTION L L GBECAUS E :
• NEW PRODUCTION TECHNOLOGIES L L G
• LOCAL NEED FOR AGRICULTURAL FERTILIZERS L G G

• OIl.. AND GAS PRODUCTION IN AREA HAS ASSOCiATED SUL FUR L C GDEPOS ITS WHI CH HAVE BEEN LOCATED AND INVENTORIED

HARD ROCK MINING BECOMES OPERATIONALIZED USING COAL L L GEXTRACTION TECHNIQUE S

COMMODITY MA RKET CONDITI ONS DETERMINE TYPE OF MINERAL
EXTRACTED L C C

CONTINUE D EXPLOITATI ON IN COASTAL WATERS TO MINE SAND AIID cGRAVEL , AND LIMESTONE AND SHELL H H
- 

- CONVENTIONAL SURFACE SUCTION OR CUTTERN EAD
DREDGES :
• FIND CONTINUAL USE II G C
• OPERATE IN MOST OCEAN ENVIRONMENTS C C C

• PUMP DIRECTLY INTO LAN D BASE PLANTS FOR MANUFACTURE
OF FERTILIZERS OR CONSTR UCTION MATERIALS L H

(CONTINUED)

_ _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~



FIGURE 5— 5:  TAILORE D VIGNETTE — MINERALS (CONTINUED)

__________________________ _____________________________ PROBABILITY / TIMIN G
FORECAS TED DEVELOPMENTS _

~~
!3t_851 1986—92 1993—2000

PROTECTION OF LiVING REEFS AND SURROUNDING ECOSYSTEMS,
ACHIEVED BY DREDGING HEADS WHICH OPERATE IN SPECIFIC G C H
AREAS AND DO NOT REDEPOSIT IMPURITIES ON OCEAN BOTTOM

INCREASED UTILIZATION OF SUBMERSIBLE DREDGES FOR IMMEDI-
ATE OFFSHORE EXTRACTI ON OF SAND , GRAVEL , LIMESTONE , AND
SHELL; SATI SFIES REGULATORY AND ENVIRONMENTAL CONCERN C H H
OVER DISRUPTIONS OF UNDERWATER ENVIRONMENT AND BECOMES
ECONOMICALLY ADVANTAGEOUS OVER SURFACE DREDGES

PLACER EXTRACTION ADOPTS TECHNOLOGIES UTILIZED FOR OFF—
SHORE EXTRACTION OF SAND AND GRAVEL AND BECOMES ACTIVELY L C C
PURSUED
NODULE EXTRACTION DEVELOPS RAPIDLY FOSTERED BY INTER— H H
NATIONAL COMPETITION AND HIGH VALUE OF MINERAL S

TECHNOLOG IES UTILIZATI ON FOR EXTRACTI ON OF NODULES
INCLUDE :

• BUCKET LINE SYSTEMS C H H

• HYDRAULIC SUCTION SYSTEMS H H H

MINING NODULES BECOMES IMPORTANT THOUGH ONLY PARTIAL L L C
SOURCE OF NATI ONAL AND INTERNATIONAL MINERAL SUPPLY

EXTRACTI ON OF RED CLAY/ OOZE EXPERIMENTALLY DEVELOPED L C C

OCEAN EXTRACTION SIGNIFICANTLY SUPPLEMENTS LAND— BASED I L L
SUPPLIES OF PHOSPHORITES

INHERENT HIGH VALUE OF MINERAL DEPOSITS FOUND WiTHIN
METALIFEROUS MUDS ACTIVATES PURSUIT OF THIS RESOURCE , L G C
UTILIZING TECHNOLOGIES APPLIED IN OIL AND NATURAL GAS
PRODUCTI ON AND DEEP SEA MININ G

CHEMICAL EXTRACTION OF MINERALS SUCH AS SALT, BROMINE ,
AND MAGNESIUM WILL CONTINUE IN LAND—BASED FACILITIES H H H
ADJACENT TO THE OCEAN

SALINAT ION PROJECTS EXPAND IN AREAS OF E XTREME A R I D  H H HCLIMATES
U.S. DEVELOPS ECONOMIC AND FEASIBILITY STUDIES FOR
DEMONSTRATI ON DESALINATI ON PROJECTS WITHIN TillS COUNT RY C C

ACTUAL DEVELOPMENT OF SALINATION AS MAJOR SUPPLIER OF I L GWATER IN AREAS SUCH AS SOUTHERN CALIF ORNIA

ICEBER G TOWIN G ACTIVELY PURSUED BY NATIONS WITH YEAR r c C
ROUND ARID CLIMATES

5—18
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CIIAP ’IT R 6: “.\GR I CUL TUR A L PRODUC 1: LON ”

D E F I N I T I O N

I t may appear strange to think of an underwater agricultural system.

The te rm “a g r i c u l t u r a l” however , is useful because its connotation is b r c a d er

than  “aq u a c u l t u r e , ” a term which has come into general usage to mean a

r e l a t i ve ly  lhiited range of activities within the overall concept of marine

“A g r i c u l t u r a l  Production. ” Underwater  “agr icu l tu ra l  production” includes

the following:

• All activities associated with growth and harvesting
of f ish  and shel l f ish for commercial or recrea tional
puz poses

• All activities associated with the growth and harvesting
of all other marine organisms

• All activities associated with the growth and harvesting
of mar ine plants

BACKGROUN D

Man has used various forms of marine animal and plant life for centuries.

A major component of huma n history involves developments which have been directed

n t  how m a r i ne  resources could L’e more effectively captured and employed. Ex-

amples Incl ude the developments in fishing techniques which have advanced from a

qu ick eye and hand , to a spear , to nets , to various forms of spotting, and to
attra ction devices such as sonic instrumentation .

The recent adoption of the 200 mile limit is a current example of the growing

importan ce of marine agricultural activities. Emerging concepts such as those

of aqu a (-ulture , ocean farming and biomass energy from kelp are futher testaments

to  the importanc~ (.11 the a~;rLcultural role of the marine environment.

Our forecast of future underwater activities related to this marine agricul-

t ura l role is developed against a general backdrop which includes the fo l lowing

major trend lines or developmental dynamics:

• Fishing techniques will improve , but there will be more
fishing industry competition between nations.

• Offshore agricultural resources , including plants,
w i l l  become a more importan t component of the world
economy and of the U .S. economy.

___ 
-~~~~~~~~~~~
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• These developments will both stimulate . and b.~ s t i m u l a t e d
by an active and dynamic series of technological advaricc~-.
and innovations.

• The ultimate direction of the agricultural activities is
movement from a “hun t and catch ” type of system toward
a managed, cultivate and harvest type of system. A reason-
able analogy is foun d in the history of land agriculture ,
wh ich moved f rom the hun ting era into the cul tiva tion/
manageme nt era through the advent of the agr icul tural
revolution . This land—based agricultural revolution
began centuries ago and continues today. The same is true
of the mar ine based agricultural revolution , although it
has not been so ar ticulated by h istor ians nor has it been
so pronounced in its visibility and impact upon living
styles and patterns.

FUNCTIONAL SYSTEM

The overall underwater agricultura l system contains the following basic

componen ts:

• End Use Consumption Systems: the social and economic
systems which levy a demand for marine agriculture .

• Marine Agricultural Resourcç~~/~Otefltial: the entire range

of offshore aqricultural commodities either naturally

occur in g ,  or those which can be artificially incorporated
into the marine environment.

• Detection and Cultivation Techniques: the procedures used

to locate harvestable resources which are naturally

present r,r the procedure used to observe the placement

and subsequent maturation of artificially placed agri-

cultural resources.

• Catching and Harvesti~ 9: th..i processes used to catch
or harvest the agricultural resources.

• Interim Transportation: the in—between mode of transport
from point of harvesting to processing.

• Processing: the procedures employed to refine the agri-

cultur al resources into “useable ’ eatable condition or
into an appropriate form for additional processing.
Some processing facilities are currently located offshore ,
such as those associated with the “floating fish factory .”

• Secondary Transportation: in some instances agricultural
resources may requi re  secondary transportation even
within the marine environment. The f i r s t  type , in terim
transpor tation , may be a collection procedure to get la rge L

6—2
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quantitieu to move to land. Secondary transport would
be the movement of the larger mass to land. Another
example may entail interim transportation to an offshore
processing facility which then requires secondary trans-
portation for its “finished goods” to the next stage in
the overall material processing and flow.

These basic func tional components of the operational system are outlined

In Figure 6—i .

FIGURE 6—1: FUNCTIONAL COMPONENTS FOR AGRICULTURAL PRODUCTION

Resources End—Use
Consumption
System

Detection and Secondary
Cultivation Transportation
Techniques

Harvesting Processing

~~System System

In te r im
Transportation

GEOPHYSICAL PERSPECTIVES

Agricultural resources have highly sensitive requirements for conditions

conducive to their growth and development. Factors such as temperature, depth ,
ligh t, motion , and presence of requi red nutrients will determine where various

aspects of underwater agricultural activities can take place.

Unlike the cases with mining and energy production , agricultural production

does lend itself more to some locational flexibility which can be affected by

human intervention . For example , recen t concepts of “ecological engineering”

envision deliberately designed interventions to create the needed conditions

in areas not so endowed with them by nature. Floating nuclear plants could

significantly raise the temperature of water within their proximity, suggesting

increased productivity of agricultural plant and animal life. Implantation

of nutrients could affect where fish may cluster, and could al8o signifi-
cantly increase the productivi ty of certain areas of the marine environment.

6— 3



In this sense, as a generalized class of activities , underwater agricultural

pursuits can occur within virtually all waters within the territorial limits of

the United States.

Some analysts have pointed out that the Northern Hemisphere is more

fished than are the waters of the Southern hemisphere even though the

potential productivity of the Southern hemisphere is equal or maybe superior.

It is generally anticipated that significant fishing and marine agricultural

activit ies will increase within the Southern as well as the Northern hemispheres.

Given these generalized geophysical perspectives in terms of the activities

as a whole, individual limitations are not discussed in this chapter. The

areas in which the most significant activities will be tak ing p lace are discussed

later under the appropriate activity within the tailored vignette. A graphic

representation of the new 200 mile economic zone which includes a current listing

of the most significant species is on page 6—17.

BASIC CONCEPTS (See Figure 6—2)

End—Use Consumption Systems

The end—use consumption systems most involved wi th current concepts of marine

agriculture are :

• Food systems: human and animal

• Fertilizers and other nutrients for plant growth

• Energy systems which can conve rt biomass

• Other systems which can use marine plant or animal life.

Food Systems

One of the most historically stable aspects of the overall marine

economy has been its contribution to human and animal food chains. These

contributions have been limited to the hunting and catching of fish and shell-

f ish , with a few highly selective additions such as squid into the gourmet
food lines. Fish are also a rich source of nutrients for animal feeds. In

this capacity, seafoods must compete with land—based foods and nutrients.

There are a variety of proposals for land—based agricultural productivity increases

which could have significant effect upon the forecasted demands for food materials

from the sea.

These concepts include employment of fermentation systems as a means of creating

high quality protein from lower quali ty plant l i fe  for a reduced cost . New crops

6—4
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and produc tivity/processing improvements for land—based foods are another alter-

na tive source , offering the potential of eliminating the need for seafoods. But

perhaps the most significant substitute is the proposition of land—based aqua—

cultural systems in tanks or other controlled inland bodies of water such as

ponds or lakes.

Fertilizers

Demands for some marine and plant life relate to use in fertilizers.

To wha tever degree organic fer ti l iza tion become s a rep lacement or a preference

for chemical fertilizer , the demands for  marine agric ultural produc ts to go

into the fertilizer streams could be substantially enhanced.

Energy Systems

The energy problems have stimula ted a number of concep ts in which

biomass may be converted to various forms more suitable for energy use, or in

which b iomass may be burned direc tly as a fuel. In ei ther case, the potential

for  large sources of biomass energy has been clearly defined to rest within

the underwater environment. These concepts were discussed in Chapter 4 on

Energy .

Other Systems

A varie ty of other systems use p lant and anima l products  from the

sea. These include pharmaceuticals , chemicals of various types, sponges,

whale oil and many others. Although they are not typically as high volume

in nature as are fishing, they are nevertheless a significant and growing

dimension of the underwater agricultural resource markets.

Offshore  “Agricul tural” Resources

Offshore agricultural resources can have three basic origins:

• The resources which are a result of nature

• The resources which are a result of nature and human
management

• The resources which are a result of human implantation
and cultivation

The resources from nature might be characterized as a hunt and harvest concept ,

the traditional manner of gathering plants and animals. This initial concept

included any improved methods of detection which locate plants and animals,
‘ I -
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the methods of harvest , and finally the transportation of these resources to

the next point of processing.

Recently there has emerged intervention techniques which further develop

some controlled management methods. Pollution controls which protect fish

beds and the surrounding ecosystems is one such example. Another Is controls

to preclude over—harvesting. Augmentation of fish stocks by utilizing fish

hatcheries for breeding of juveniles is another management system. These

concepts are now being further developed to consider ways in which nutrients

and other geophysical features of the “native waters” or territories might

be enhanced as a means of increasing the productivity of the otherwise “wild

and natural” ecology .

Finally, in recent years a rapid growth of the the number of ideas whereby

man , through effective management and Intervention , might cause various forms

of plant and animal life to grow and thrive in natural environments has been

attempted. This concept includes the “controlled fisheries” and the cultivation

of marine species in environments, in tanks, or in confined “ocean farms.”

The implantation of plants such as kelp for the purpose of biomass energy is

an example of highly managed intervention.

All of these three basic conceptual categories are overlapping with one

another. It is helpful to analyze the probable future developments from this

categorization.

Present research efforts include:

• Efforts to improve disease prevention and other means
of protecting the desirable species

• Hatchery design

• Genetic improvements and egg supplies.

At the present time , aquaculture is conceived of in a relativel y narrow

sense which would primarily restrict it to the second category. As fu tu re
developments unfold , the boundaries and perspectives will likely broaden sig-

nificantly.

Of particular note is the possibility discussed in Chapter 8 where there

is a brief discussion of the concept of managing certain forms of waste materials

to serve as nutrients to plant and animal life.

I
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Detection

The variety of methods employed to locate fish or other marine species

range from t’(e visual observation of individual fishermen to the portrayal

of a school of fish detected from a satellite. In recent years, most new
fishing vessels are equipped with some form of sonar, radar, or other direc-

tion finder system. The increasing reliance upon electronic or other wave

genera tion de tec tion systems should accelerate throughout the forecast period .
New technologies that appear to be emerging include:

1) Satellites ’ expanding sophistication , in corpora ting lase r
and in frared methods for spotting moving f ish

2) Underwater systems whi ch accura tely portray the location
and size of f ish by acous tical ly sensing systems

3) Unman ned passive systems such as buoys which record and
emit the location of marine species

The cul t iva tion of marine p lan ts below the ocean ’s surface will require a

close monitoring and observation system to insure that the plants are lodged

properl y onto some type of underwater substrate and to record the growth progress

of ~he plant. MechanismB to achieve these ends include the establishment of

a television camera system which transmitts either to a vessel or land facility

pic tures of the p lants. An alternative approach will be to utilize manned

submersibles or divers for direct human observation. This last technique is

also applicable to the cultivation of shellfish.

The utilization of marine species to detect the presence of another animal

is typi f ied  by the dolphin/tuna relationship. This concept potential has other

app lied usages in situations where different species share the same migratory

behavior or in fac t co—exist in some unique biological relationships. As these

types- of biological phenomena are detected their applied significance to agricul’-

tural produc tion sys tems will be ascertained .

The harvesting of agricultural produc ts, specifically fish , is a function

of the vessel employed and the trapping system utilized , of ten typif ied  by some

form of netting system. The U.S. fishing industry seriously lags behind other

advanced nations such as Japan and Russia in adopting current state—of—the—art

technologies , and in planning for future innovations. Restrictive state and

federal laws have seriously inhibited the purchasing of new equipment , the re—

conditioning of old vessels and the utilization of specific harvesting systems

including nets.
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The U.S. fishing fleet has often been des.ribed as aging and antiquated .

A representative ship would be 20 years old , individually owned an... operated

near shore. This constrasts dramatically with many foreign fishing vessels which

not only are larger but have greater catch and storage capability. The ultimate

extreme of fishing sophistication is represented by the floating factory or open

stern trawler concept. In this case, the vessel not only harvests the fish but has

storage , processing, and in some , packaging facilities as operational components.

Vessel maneuverability and durability potentially can be enhanced by the

adapta tion of new lightwuight, durable metals developed and utilized for space

vehicles and satellites. Automatic computer control systems coupled with on board

detection systems offer the prospect for improving catch time by reducing the

time required normally for the “hunt” phase of the fishing catch.

Irrespective of boat size, the ca tching techniques for most ships wi th

some varia tion, is a netting system. Net design and use is often a function

of the type of fish that is being pursued. Advancements in netting systems

that appear rapidly developing include :

1) Expanding net sir’ - and changing shape to a funnel so that
mi grat ing species are “corraled” into an enclosed area

2) Au tomatic netting sys tems wh ich are remotely controlled
and are activated only when a sizab le catch is present

3) Uti l ization of unmanned submersibles to rapidly close
a netting system.

The above methods share the common attribute that they are systems which

curtail the reliance on human involvement. Thus the analog to land agricu 1 ture

can be fur ther extended: as efficiency improves the dependance on human labor

diminishes.

These netting mechanisms have analogous application for the entrappment

of species such as oc topus , sponges or squids. In general , these trapp ing

mechanisms for underutilized species have not been developed to the same tech—

nicological state as those for fish , which reflects the fact that their economic

significance is less.

Non—netting systems for the entrappment of fish include the utilization of

electronic stunning and chemical barriers. For the first system, an elec tronic
transmission through the water momentarily immobilizes the fish and they float

to the surface where they are gathered . In the second system , a chemical is re-

leased either from a stationary site (buoy or platform) or from the vessel which

4
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creates an I n v i s ib l e  screen in which the I L~h canmn penetrate. itie I I S I I  ;‘r,-

then netted on board the vessel. The chemic~I1 barr ier procedures may also be

applied to the artificial ~tiitivation of fish. In these circumstances the chemicals

create an underwater fence , which the fish will not penetrate.

The current mechanisms to harv’ st marine plants include the use of harvesting

vessels which have built—In reapers and ahearers to cut and collect the p lan t ,

and the use of humans (marine farmers) who pi ck the marine plants by hand .

Curren t  i nves t iga t ions  envision the development of underwater manipulators and

c u t t e r s  that could be operated by remote control or by underwater divers.

Interim Transportation

Some of the concepts app licable to this section were previously introduced

under catching mechanisms. (Netting could he a mode of interim transport.)

Advanc ing technologies that apply to all forms of marine agricultural

produc tion include :

1) Pipelines—— Offer the potential to gather marine species
via a vacuum cleaner approach . In this situation , fish
whi ch may be conf i ned to a par ticular  locale by chemical
bar riers could li teral ly be swept up out of the water
onto a vessel.

2 )  Submersibles—-could be used in collecting marine plants
or in closing net systems. For underwater cultivation
systems they offer the further potential of actually
beinq the harvesting vehicle. The submersible simply
replaces the fishinq vessel as the conventional mode
of interim transport.

3) Surface vesse]s—-Have been the most common mode of trans—
port for marine species and technological developments
should simply improve their efficiency at achievinq this
task. The developments of specialized vessels such as
r e f r iger ation sh ips to act as a functional media tor in
the agricultural production cycle offers new possibilities.

Processj.~& 
Systems

Two major concep ts exist for processing marine species and they are simpl y

a f unc t ion of lo cal e, land vs. on—vessel. On-vessel processing presen t ly

is represented by the floating factory concept. The functional attributes of

such a system inc lude the ability to harvest , process and preserve marine species

(mostl y fish) for long periods of time . This capability allows vessels to travel

further from their home port and to increase their catch size. The adaptation

of this concept to other marine organisms and marine plants seems feasible.
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On—land processing systems have sought to e limina te was tefu lness  which

normally desc ribes their  operat ions.  Technological advancements are developing

in the following areas:

1) Automatic shuckers to process mollusks

2) Deboners and flesh separators which automatically fillet fish

3) Irradiation pasteurization techniques

4) Automatic shrimp peelers

5) New product development

As untraditional marine species become more utilized there exists a subsequent

push for new product development. Krill meal and octopus fillet are two types

of this innovation.

TAILORE D VIGNETTE (See Figure 6—3)

In current forecasting literature , much attention is paid to the proposition

that the world food shortage will lead to extensive development of the marine agri-

culture as a means of protein and food production. Some analysts conceive that

the situation will be so critical that ocean plants , such as kelp, will become as

important to the world food supply system as are such traditional commodities as

wheat today. Such visionaries foresee rapidly growing ocean farms of all types.

There is little doubt that these concepts are within  reach technologically.

However, we do not believe they will emerge with the intensity and scale which

is often envisioned. At the other extreme is the view that the marine agricultural

system is already reaching its leveling off point; at least so far as the U.S.

territorial waters are concerned. Based primarily upon fishing, which is the

largest segment of this industry , these views point out that current demands

are already placing a drain upon fish populations. Overfishing is a problem

now and will become a greater problem as the fishing techniques and demand increases.

Prices for fish and fish products are climbing rapidly, reflecting at least

pa r t i a l ly their growing relative scarci ty.  Our own view is that this is a far
too pessimistic perspective. The ultimate pattern which will emerge will be

somewhere between these two extremes and will have the following basic character-

istics,

Agricultura l production wi thin the erzrine economy wil l  accelerate throug hout
the foreca st period , fo stered by the traditional national perspective of agrarianism.
The cultiva t ion of food s t u f f s  as originally manifested by the exploitation of

the lands has not only satisfied the obvious physiological needs of man, but has

also been construed as a viable part of our national heritage. Similarly the
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exploitation of ocean resources offers the social constructs upon which national

agrarian needs are fulfilled. From this perspective , marine agricultural production

will continue to remain an industry that is viewed as significant and important ,
and one which should remain viable. However , as expansion and refinement of

agricultural production methods on land has demonstrated graphically, what

historically has been a labor intensive industry, typified by the small scale

individual worker, need not remain. In fact as “agribusiness” has been developed

in the recent past , its marine counterpart “aquabusiness,” the cultivation and

exploitation of marine products, should emerge during the forecast period . This

trend portends a decreasing reliance upon the small scale individually owned

and operated fishing boat to a shift exemplified by high efficiency, large scale

harvesting methods.

Substitute protein sources will be developed within the duration of the

foreca st  period but these alternatives will not curtail consumer interes t and

demand fo r  the conventional protein stap les of beef, poultry, and fish. Efforts

to develop new protein sources generally have as a common objective the creation

of protein boosters. Hence, protein alternatives that will be formulated will be

to fortify or supplement conventional proteins such as the general purposes soy

is utilized. Most projections for the human consumption of fish and shellfish

indicate a long term increasing demand . Part of this trend reflects med ical

evidence that has verified fish proteins are without the high fats and cholesterol

of beef proteins . Furthermore , beef conversion mechanisms of plant protein is

very inefficient. Other current trends favor the expanded reliance upon marine

based proteins such as kelp, squid , or krlll. An marine resources supply the

demand for food, agricultural produc tion will incorporate underutilized species

for new product development. In this perspective , fish which have been harvested

for animal feed purposes will be utilized by refinement techniques to fit into

the human food chain. Also , marine plants which thus far have had demonstrated

success as food stabilizers will find increased functional capabilities in new

fo od products and pharmaceuticals.

Present ha rvesting techni ques and pro cess ing hardware encumber full ex’ploita-
tion of the total fish supp ly .  Within the immediate short term many vessels

tha t comprise the U. :;. f i s h i ng  industry will have to be reconditioned or

replaced, which will accentuate the economic insufficiency of the present
harvesting system. Major changes in the composition of the U.S. fishing

industry will have to take place to make the industry again viable. In the
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immed iate future , !n order to improve the econom ics of th e marine harvest ,

existing ships w i l l  be reconditioned with new refrigeration equipment ; new

sh ips , larger in size than those p r e s e n t l y  being used , will be constructed;

and some n e t t i ng  systems, now restricted , will be utilized . These changes will

allow for an increased catch. Once the j’iahing induotry cme~’~jcn from it~
pre sent state of stagnation , worLdz~’ide exp loration in internationa l waters,

utilizing the concepts of tize f loa t ing  factory and open stern trawler, will
be a further extension of this revitalization.

As mandated by the establishment of a new 200 mile zone, new management

concepts and da ta collection systems will be formulated to obtain an integrated

view of all fisheries of the U.S. and to determine the optimum yield of each
fish species . Previous attempts to manage fisheries have been done solely in a

biological perspective , without evaluation of ecological , social, or economic

factors . These key variables will be incorporated into future management

decisions on fishing. Management techniques will be greatly enhanced by the

utilization of new sensing mechanisms, which not only locate and track fish

but will isolate specific species. As a direct result of these sensing tech—

niques, regional allotments of certain species of fish will be required to

protec t against stock depletion .

The utilization of offshore water for a variety of activities will signif-

icantly alter the scope of ag ricultural production. Competition for water

space will be most keen in the immediate coastal areas. These waters will be

affected from divergent sources, including industrial waste and municipal

runoffs , recreational activities , and dredging . We would antici pate that aqua—

cultural ac tivities and the conventional shellfish industry could be affected

adversely and seriously by these other ac tivities. Because many of the coastal

activities that will be developing will be disruptive to the integrity of the

natural ecosystems , the purity of the water and , in some cases, the actual

physical ocean bottom , ma rine aquaculture will be impeded seriously from

developing . Many aquacultural systems require sustained stability in the

• surrounding water environment. Aquacultural projects will alter some of the

present underlying research foundations. In this perspective , for example,

the heat discharged from an industrial facility will not be viewed as a poten-

tial disruptive threat for growth, hut will be incorporated into the initial

design of the aquaculture project as a heat source . Therefore, we anticipate ,

4 1
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after i lf l  i n i t i a l  d isappoint ing  phase iii aqi iacu l i~iral  e~:p l o i t a i i o m m , t~ , , , t

successful implementation will be realized as a component of sn integrates

system with either industrial waste , power plants , or offshore energy systems.

In the extreme, these development8 will  lead specifi call y to zoned f i sh

far ina, (othe r marine species) in which the population of a certain stock is
concentra ted in a small easil y managed area and readily harvested. The con—

concepts u t i l i zed  for  regional  enforcement  of the 200—mile economic zone will

have direct application to the successful fruition of the concept of an integrated

marine farm .

The growth of recreational fishing will compete with the traditional

f ishing industry fo r  the natura l resources of the oceans . The ensuing confl ict

will  be resolved by the establishment of zones which permi t only recrea-
tional fishermen to utilize the area. Recreational fishing in the under-

water is traditionally represented by the activities of the fishermen who pursue

their catch either from land (jetties or beach fronts), small 2—6 man boats or

sport boats typified by the party or charter boat. The most common forms of

equipment used for recreational fishing, which also includes the pursuit of

shellfish , are the conventional hook and line, and underwater traps and nets.

This equipment should continue to be the main means of catching during the
forecast period . Recreational fishing will increasingly utilize detection

systems which in turn will increase their efficiency and exacerbate the conflict

with the commercial interests. The sea zone management concepts which will help

to establish marine farms will be applied to the formation of recreational

f i sh ing  zones. These designated areas will occur in coastal regions which seem

amenable to artificial augmentation. Thus, as indicated ~revlously, carefully

managed injection will increase marine species yield and will not encumber

traditional f ishing interest.

The deve lopments stated thus f a r , the revitalization of the fi shing industry
by util ization of new equipment, an allotment system, the expansion into
internationa l wa ters , and the reg ional creation of marine management zones will
increase subs tantiall y the to ta l marine agricultural production and enhance the
likelihood for e.~portation. As the ocean environment adapts the composition

of the land agricultural production cycle , “planting , fertilizing , harvesting,”

tot al mari ne produc t ion of all species should increase substantially beyond

national needs. The exportation would be another extension of the U.S. agri-
cultural system in terms of its importance to world food supplies.
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these events. However , after many underwater activities are in an operational

stage, the trained personnel could be displaced from an over—supply and from

lack of employment opportunities. This would be a similar situation to the

aerospace engineers.
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FIGURE 6—3: TAILORE D VIGNETTE - AGRICULTIJUAL PRODUCT IOfl

PROBABILITY/TIMING

FORECASTED DEVELOPMENTS 1981—85 1986—92 1993-2000

AGRICUL TURAL PRODUCTION IN MARINE ENVIRONME NT IS SELECTED
AS A FUNDAMENT AL COURSE FOR CONTINUED FOOD GENERATION AN!) C C H
BYPRODUCT OPPORTUNITIES

CONSUMER INTEREST IN MARINE PRODUCTS REMAINS VIABLE H H H

FISH INDUSTRY SEEKS REVITALIZATION BY:
• EMPLOYING NEW EQUIPMEN T C G C

• RECONDITIONING OLD EQUIPMENT G G L
• ADOPTING MANAGEMENT/CONSERVATION CONCEPTS C G H

REVITALIZED FISHING INDUSTRY EXPANDS INTO INTERNATIONAL M L C’
WATERS ADOPTING ADVANCED CONCEPTS OF THE FLOATING FACTORY

DETECTION AND SENSING SYSTEMS UTILIZED FOR
• ISOLATION OF MIGRATORY SPECIES L C C
• MONITORING OF CULTIVATED MARINE SPECIES INCLUDING L G C
PLANTS

DETECTION SYSTEMS INCREASING ROLE, WITH UNMANNED PASSIVE L C C
SYSTEMS

HARVESTING ADVANCES INCLUDE
• ADOPTION OF NEW NETTING SYSTEMS G C G
• ELECTRONIC STUNNING H L C
• CHEMICAL BARRIERS H L C

ESTABLISHMENT OF FISH AND MARINE PLANT FARMS TO AUGMENT M L C
SIZE OP HARVEST
MARINE PRODUCTION BECOMES NATIONAL PRODUCT TO EXPORT , WITI’ L C H
SIGNIFICANT FAVORABLE ECONOMIC IMPACT

RECREATIONAL FISHING COMPETE S WiTH COMMERCIAL FISHING C H CINTERESTS
ZOI4ED AREAS CREATED FOR RECREATIONAL FISHING L C C

AQUACULTU RE PRODUCTION UTILIZES “TOTAL SYSTEM CONCEPTS ”
CREATING COMPLEX UNDERWATER AREAS FOR THE CULTIVATION L L C
AND HARVEST OF A VARIETY OF MARINE SPECIES

KELP/BIOI4ASS ADOPTED AS SOURCE OF ENERGY PRODUCTION H L C

~~~~~~: H - Minimal
L - Low
C — Good
H — High
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For irjIost- ~ of t i t  is ana l ysi s’. t ransp ’ rtation act li l t  i s  are define’l as

hose p r o c ed u re s  and pr i  esses invol’;ed .n moving persons , messages , materials ,
equi pment , er f o r ces , stu I as elec tr icty , f rom u s e  place to another . Tran s—

po rtat  jOfl, when v iewed r ’)ci -i funct ional perspec t ive , is an Integral component

of v i r t u a l  l v  every other :u t ivit: y c l t e ~ ory , and has been discussed conceptually

In these ca tepor ies . howeve r , ‘}~u lust ruments  and metliods of t ransportat ion

-~h i r e flIdti I common f e a t u r e s  rega rd less of the motivation behind them . It is

these c h a ra c t e r i s t us  that  binu together  to comprise the underwater activities
dci m e d  and d i n  is- ;e’~ i -  t h is chapter . The approach to def ine operation-

a lly those u r s I l ! ; - L e .  ~~- t I v it ies re la ted to t ranspor ta t ion is based upon the

premise t i ,~ t It is -~~n&- ra lly not as Important to U. S . Coast Guar d operat ions to

knot; why a ~*/efl trans por ta t ion  a - t l v i t y  is taking placc as it is to know what Ihe

o pe r it  ions are and will be that involve transport  , wh~it met hods for conducting

t hese ope ra t i ons  we c :n  expec t , a n d  ~~La! loca les , dens i t ies  and operat ional

systems 1 transportatIon system will entail. Of course , some excep tions to this

ru l t’  emerge , f or example , In the transportation of antisocial technolog ical devices.

The underwater activiti es rel ated to transportation generall y can hc

divi d ed into fcni r basic clas sifi cati ons and ten specific transport activity

are-as reflected in Figure 7—1 , fol lowing.

FIGURE 7—1 TRA~~ PORTATT ON

Basic Ciassif icat ion S~~ r INc_Transportation Ac tivities

Port Opera t ions in l a n d  Por t s

Coastal Ports

Of fs}ierc Ports

Surfac e Vessel T ra ff i c

Underwater Vehic les S jh mers ibl ,-s , Se l f—Propuls ion
and Swimm er Delivery Sy stems ,
e t c

[)Iving Recrea t ional

Commer c i a l

Underwa ter Installations ! Pipelines
St ru i rt u res

Cables 4

Tunnel s, Bridges , and Causeways
- -- 
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Water has Long played an important  r o l e  in o c o I lr m~~~: and soc ial development

both as an impediment and an enhancemen t to the flow uf goods and people. The

early settlement patterns of trw United States and virtually all other nations

have been heavily influenced by their accessibil ity to water as a means of trans-

portation . As was discussed in Chapter 2 on military activities , it was centuries

before water transportation meant anything other than surface transport—

don. Today, however, the water provides a milieu for conduct of transportation

activities on, below , and above the surface of the water.

The dynamics which will provide a backdrop for future underwater transporta-

tion activities include :

• The accelerating development of offshore commercial activity

• Increasing volumes of international trade and diversity of
items transported and purposes of transport

• Expanding problems of density and multiple use of traditional
sea areas

• Significantly increased risk of the incidence of transportation
related accidents plus ~he increased damage which such accidents
can potentially render

FUNCTI ONAL_SYSTEM

The functional system essentially connects a demand for movement with t~-ie

item(s) to be moved . The major components of the overall functional svst-em for

underwater transportation are outlined in Figure 7—2.

FIGURE 7—2: MAJOR COMPONENTS OF OVERA LL FUNCTIONAL SYSTEM

{
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Demand/Motivation Systems

As is the case in all other functional systems within the Underwater

Activities Systems Model , t :ie itettia l underwater transportation activities are

derived from demands , moti .itions, and ob~ectives outside the function of trans-

portation itself

Generally speaking , these demand/not ivotional systems may be classified as

follows :

• Ueed to move materL-~ls or persons from one point to another
via water as a medi an for transport

• Need to movr materials or persons from one point to another
throuqh ore condu i t  which passes through , or a bridge which
passer. over , water

• used so transport communication messages through a cable or
communications network which passes through water , such as
telephonic or telegraphic cable systems

• Need to transport basic forces , such as r l~~-tr icity , from
one poict to another

As was noted above in the definition section , the par t icular  m o t i v a t i o n  is

usually of secondary impor tance .  It does not matter as much that a diver is

moving in a submersible for ‘ecreational pleasure or fo r  inspec t ing  a pipeline ,

as it does that he is moving with a particular t y p e ( s )  of equipment , in a

particular place , and at a particular t ime . The purposes for which antisocial

technological delivery may be occurring is of secondary importance to the sheer

fact tha t it is occurring and must be confronted immediatel y on those terms alone .

Item(s) of Transport

The next component is the item(s) to be transported. As has been noted ,

this item m ay be a person , many person s, materials in various forms, messages,
vehicles , and/or electricity.

Si ting of the Transportation Systems/Function s

Transportation is used as ci generic concept , b ,it I t is closely related to

other purposes or objectives and wIll occur in various locations in those terms .

Thus, if there is an underwater network of oil wells/p ipeline s from ocean—bottom

r ig s , t h i s  will determine the type of transportation f l in t  will be Involved in

both the operation of the underwater oil wells and in the transportation of the

crude oil to an inland , coastal , or offsh ore refinery .
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Recreational diving, on the other hand , usually will be sited where the var-

ious waters and environmental characteristics of the underwater area are consis-

tent with these motivations and needs. Hence, the systems for siting the trans-

portation activities will be derived from and closely related to the particular

demands/motivations to which the transportation relates .

Mode of Transport

Another major component for this category relates to the particular mode of

transport which might inc lude any of a large variety of different vessels designed

to operate above , on or below the surface.

in another vein , the transportation mode for an individual swimmer or

diver is the individua l organism itself , func t ioning in this sense as a vessel

to propel the individual from one point to another. Spec ialized equipment such

as suits and air tanks are a component of this individual organism ’s function

as a vessel.

Injection and Ejection Facilities

These are the facilities such as ports which provide a linkage through which

the items being transported will flow into and from the transportation systems .

Such facilities may include ports , Inland or offshore refineries , and simply the

point of entry or exit from the unde rwater/marine environment .

GEOPHYSICAL PERSPECTIVES

Transportation activities are heavily affected by geophysical phenomena.

The type of boat which can be accommmdated within a given area depends upon the

depth and width of the channel or the sea. The type of diving which can be

done is determined by a combination of depth and temperature , as well as

purpose.

In the paragraphs below ,the basic geophysical perspectives related to

each of the underwater transportation areas are outlined .
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Inland Ports

Inland ports need to be placed adjacent to inland waterways which

can accommodate the needed vessels and/or transportation units. If  vessels

are to be accommodated , ports need to be on waterways which connect with the

open sea. The Great Lakes and St. Lawrence Seaway , the Mississippi River

and its tributaries , and the Potomac River are examples. The advent of barges

carrying hugh volumes of materials but drawing little draft have opened signi-

ficantly the range of places where inland ports may be located .

A less well—defined type of inland port is the pipeline connection which

connects the offshore transportation system of oil or minerals mined offshore , for

exampl e, with inland ref ir’eries or transportation networks . These types of

facilities can occur wherever the refinery or “hook—up” is located.

Coastal Ports

The most obvious geophysical requirement for coastal ports is that they

be in a coastal area. In general , Baltimore is considered a coastal port although

it could be defined technically as an inland port.

In addition to being along the coast line , coastal ports must be located

In areas which form a harbor that is sheltered or in which some type of shelter

can be constructed. Historically, this limitation plus some restrictions on

dredging technologies have inf luenced heavily the location of major coastal

ports to areas with a “natural harbor” offering both the needed “shelter” and

the needed depths.

Given current and future technology, coastal ports could be constructed

in many other places, through a combination of dredging and artificial island

buidling . However , the time, cost , and environmental issues associated with

such a massive undertaking probably will act to limit the actual construction

of ports making even future locations determinable largely by the historic

factors of “natural harbor” and depth . There still are several potential sites

which could be used along the coast of the Ii. S. and its territories.
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— — — — —~~-.,—-—---——- S - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ — — —



Offshore Ports -

The typical basis for the concept of offshore ports is that they can be

located in depths which will accommodate the emerging superships such as the

supertanker. Another reason may relate to the remoteness of such facilities

when handling dangerous materials, such as liquified natural gas.

These offshore ports can be located virtually anywhere the depths are

sufficient to carry the desired form of vessel. Although they will not likely

occur during the period of this forecast, ser ious considera tion will soon be given
to offshore ports in the traditional sense of the term. In general , current

concepts would limit offshore port facilities to those areas where the natural

depth of the water easily will accommodate vessels drawing a draft of over

100 feet.

Subniersibles

Some form of submersible is capable of operating within any underwater

area of the territorial waters of the United States. Some of the deeper troughs

off both coasts may carry depths which are beyond the operational capability

of anything other than special purpose military submarines or deep diving

bells. However, in a generic sense, submersibles as part of the class of

underwater vessels generally are not limited by geophysical factors.

A given type of submersible is limited considerably by factors such as

depth. In general, depths of up to 1000 feet are rather “easily” attain-

able within current technology for general purpose commercial activities. Speciali7.ed

military and scientific craft go many times deeper,

Diving

Diving is defined for purposes here as transportation of a person within

the underwater environment without the aid of a vessel; i.e., the person is

not in a submersible. At the current time, commercial diving operations are

possible through the aid of a JIM suit to depths beyond 1000 feet. Temperatures

and other geophysical features can be dealt with through appropriate personal
equipment .

Recreational diving, on the other hand , generally is more limited to

depths of about 100 to 125 feet.

Of course, within these depth limits , diving can occur anywhere.
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Cables and Pipelines

Cables and pipelines may be laid anywhere by simply dropp ing preready

cables or pipelines into the water. Such facilities are actually placed

only in sites where they can be approached via some form of submersible . This

permits appropriate mooring and maintenance activities . Cables stretching

entire oceans, however, may be laid in deeper and inaccessible spots.

However, given the greater efficiencies of satellite communication devices,

it is most likely that few, if any,  such underwater cables will be used , and cer-

tainly not extensively.

Tunnels, Bridges and Causeways

Tunnels, bridges , and causeways are constructed to connec t to land points

interrupted by bodies of water . This permits land transportation vehicles to

traverse over the marine environment.

Tu nnels are limited by the geological structure of the earth if they are

to be underground . Structures need to provide support for the earth above the

tunnel , with the shoring—up of concrete and other made—made materials and de-

vices. Greater limitations relate to the ability actually to bore through the

earth. In general , it seems unl ikely that such concepts as a transatlantic

tunnel will become a reality, even in a serious planning sense, for years. How-

ever , the concept of prefabricated tubes which can be laid in sections and then

“sunk” and pumped out can lower significantly the cost of tunnels. Generally,

“tube tunnels” can be laid anywhere there is a need to connec t two land points

so long as the depths of the water does not present pressures which cannot be

sustained. Tunnels can be expected to continue to connect land areas in much

the same manner they have been used traditionally , i.e., inland waterways,

bays, etc.

Bridges are more constrained by distance or span than are tunnels. Although

there is little technological reason that a bridge could not be built by laying

section—after—section for an area the entire length of the Chesapeake Bay , economic

factors most likely will preclude the employment of any such concepts. Thus,

bridges are , by and large, limited to spans of a few miles.

Causeways, in general, are used to provide artificial fill for a roadbed

from point—to—point . Barriers which may be constructed for other purposes
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such as sheltering an area may double in use as a causeway. In general ,

causeways are employed only In relatively shallow water.

Tunnels, bridges and causeways are normally associated with inland or

coastal areas and will likely remain so for the forecasted period of this study.

TAILORED FORE CAST

BASIC CONCEPTS

Demand/Motivation Systems

Underwater transportation activities are primarily stimulated by and

operate in relation to the needs associated with every other category of activity

within the Underwater Activities System Model. (see page 1—7) . In general ,
these can be conveniently grouped within the following headings:

• Military operations

• Application of antisocial technologies for nonmilitary purposes

• Movement of personnel , goods and/or services from one land base
to another

• Movement of personnel, goods and/or services from one offshore
base to another

• Recreation/pleasure

• Scient i f ic  research

• Logistical services of other marine based act iv i t ies

• Protection , rescue, salvage , law envorcement, etc. related
to other activities.

Items of Transport

As has been discussed elsewhere , practically anytning can be an item of

transport. It may be a physical item, or a force such as electrical current .

In general , the items for transport may be classified as fol lows:

• Persons or physical materials (physical in the sense of a three
dimensional object or substance to be carried)

• Forces of “nonphysical” items (nonphysical in the sense of
not being a three dimensional object or substance to be carried)

Given the growing interdependence of the world , it seems most likely that

any item which may be involved in transportation on land must also be considered

a candidate for transportation within the marine environment. Thus, this

includes goods/services of a illegal nature such as drug traffic or smuggled .
4 
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goods which are, in a sense, within the world economy,but are often considered so

in a specialized manner. Finally, it includes any item being transported f or

a military purpose or for the purpose of application of some form of antisocial

technology.

For purposes of this forecast, it is useful to classify this diverse

and almost limitless set of items as follows:

• Solids — nonhuman

• Liquids and solvents

• Dangerous cargo (solid or liquid)

• Extra—legal items

• Personnel — individual

group

Just as important as the item to be transported is the volume of the item.

For example , heavy volumes lead to concepts of much larger vessels, such as the

super tankers. Thus, there is a further need to break down each of the above

concepts among very high volume tonnage/space requirements, mid—range volume

tonnage/space requirements , and low volume tonnage/space requirements. These

volume perspectives primarily determine the specific size and type of vessels

or modes of transport which will be used.

SitinE of Transportation System

In general, siting of systems is a function of the purposes of transport

and the items and volumes of transport. Sitin3 hinges upon where certain func-

t ional activity occurs, including :

• Offshore areas of commercial exploitation

• Land—based industrial activity

• Underwater scientific activity

• Recreational areas

• Metropolitan centers

• Conveyances for land vehicles (tunnels , bridges, causeways , ferries)

Modes of Transport

The modes of transport which are related to underwater activitie~s are 
S

generally classifiable into the following categories:

‘
.5
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• Cargo vessels

• Personnel vessels

• Underwater vessels/vehicles

• Pi pelines

• Cables

S • Land vehicles interconnecting port f a c i l i t i e s

• Tunnels , bridges , causeways

Injec t ion/Ej ect ion Facilities

The basic facilities which connect the marine environment to the land

environment are important to the overall concept of future underwater activities

related to transportation.

These facilities may be grouped as follows:

• Ports

Inland Materials handling facilities

Coastal Containerization

Offshore 
_____ 

Vessel modal accomodation

Materials handling facilities have undergone s~jbstantial improvements during

the last decade alone. Cranes and various other loading and unloading devices are

able to move larger materials in shorter amounts of time , employing a smaller

number of support personnel to operate them.

The trend towards containerization of shipping material already has become

very evident. Containerization has proven to be especially cost efficient/produc-

t ive for moving larger volumes of material , achieving the maximum utilization of

space on cargo ships , and lessening the difficulty and decreasing the time fre-

quently associated with loading and unloading .

The containerization and modularization of ships also have greatly enhanced

internodal ease and efficiency. Material can be unloaded directly from or onto

railroad flatcars, attached or unattached from tractor trailer cabs, or placed

upon or lifted from flat—bottom trucks.

Key Driving Forces1 Key Barriers, and Obviating Factors

Figure 7—3 briefly outlines the driving forces, barriers, and obviating

factors essential for forecasting underwater transportation related activities.
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FI G UR E 1—3: TAILORED F RA}IEWORK : U NDE RWATER A C T I V I T I E S
RELATED TO TRANSPORTATION

BASIC CONCEPTS KEY DRIVING FORCES KEY BARR IERS OBVIATING FACTORS

DEMAND/MOTIVATION • Increasing amount of • Comparative economic • Significant decrease
SYSTEMS trade both d ome s tic al  co sts in trade , shipping

ly and internatjonall volume trafficI TEM OF TRANSPORT • Inadequacy of present
• People • Need/national p r i or it  capabi l i t i es  to • Advent of a l t e r n a —
• Mate rials to lessen economic handle emerging tive non—marine
• Messages dependency on foreign vessels transport systems
• Vehic les  markets

• Environmental  e f f e c t s  • Emergence of adverse 4• E l e c t r i c i t y
• Establ ishment  of uncer ta in  publ ic  op in ion  for

SITING OF TRANSPORTATION broad 200—mile econorn sunertanke r traff ic
• Inc reases likelihoodSYSTEMS ic zone lessening of accidents , ol-her 

due to occurrence
• Offshore Areas of risks in heretofore of some major tankerman—induced disasters

Comnercial Exploita— unclaimed frontier accidents and sp ills
tion areas • Incompatable National of pollutant s or

Po’icies dangerous substances
• industrial Activity • Rapidly develop ing

technologies • Uncertain or strict • Broad decline in
• Scie n t i f i c  Activity regulatory environ— recreational !
• Recreational Areas • Founda tional/insti— sent commercial interest

• Cosmopolitan Centers tutlonal role in the in m a r i n e / u n d e r w a t e r
national economy! environment

• Water Body Barriers society
Between Land

• Overall growing need
~1-)r )F : OF TRA NSPORT to better understand

• Sea S u r f a c e  Vessels the world around us

• Underwater Vessels! . Frontier menta lity
Vehicles

• Divers • Growing need to
enhance and/or

• Pipel ines  improve t ranspor ta—

• Cables tion systems for
working tasks in

• Land Vehicles selected underwater

• Tunnels , Bridges , environments
Causeways • Continued evolut jon

INJECTION/EJECTION ary improvements in
FACILITIES wide dispersion of

• ‘ nat ional and interna—
• Ports (all types) tional communication

— Materials  Handling networks
Facilities • Increas ing  amounts  ol

— Con tainer iza tion , recreation/leisure

Modularization t im e

— Vessels and Inter— (
modal Accomodation I
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The tailored vignette discusses in depth salient driving forces , barriers ,

and obv iating factors.

TAILORED VIGNETTE

PORT OPERATIONS AND SURFACE VESSELS

Despite sonic efforts to develop national resource independence , the continu-

ing1 rapid acceleration of world economic interdependency wil l  p ersist at least
until the end of the century. As a result , we can expect a host of improvements

and advances to take place in the area of port operations and surface vessels

including:

• Absolute demand for greater trade levels , both domestic-
ally and internationally , will  increase substan tial ly

• Cargo carrying and transporting capabili ties wi l l  become
more e f f i c i e n t .  The concepts of containerization and
modularization will find greater application

• significant expansion and improvement in port capability and
capacity will occur in order to accommodate increasing ship

t r a f f i c

The U. 1J . marine/ underwater transportation network will p lay an iniport~ -zt

role in the above trends and developments. In order to retain international

economic competit iveness , the U.S. economy will respond accordingly to the on-

going, rap id growth in international trade. Moreover , in ters tate trade wi thin

the U.S. will witness substantial growth due to expanding internal imdustrial

output , increasing domestic consumption patterns, and the overall increase in

the domestic demand for imported goods (ranging from basic commodi ty resources

to consumer goods such as automobiles , television sets , e t c . ) .

As the acceleration in U.S.domestic and world trade continues,t~iis trend will

become increasingly evident tha t U.S.port capability and capacity is lagg ing be-
hind growing needs. An array of developments will indicate the need to fill

this gap, including:

• Growing congestion of shipping lanes , channels, harbors

• High density of por t handl ing facil ities

• Increasing n umbers of accidents involving
— Ships carrying pollutant or chemically
harmful substances

— Land—based handling facilities and support personnel
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• Significant back—ups in vessel loading and unloading
operations, leading to long, uneconomical delays

• Inability of por ts to handle future shipping fleets
due to:

— Outdated land—based port facilities

— Shallow harbor depths restricting large ships
from entering

The above trends are likely to change dranritically tra ditiona l concepts
for port siting and operations. A number of investigative studies to determine

alternative port siting appear likely during the early to mid—1980’s. Initially,

alternative siting will emphasize potential coastal port areas with geophysically

attractive advantages over most U.S. ports, e.g., wider basins, deeper water to

handle the larger draft of supertanker traffic. Yet as this development takes

hold , other considerations will be taken into account. Additional criteria

will include: availability of space for expansion subsequent to the construction

of the new port/harbor; relative distance from moderately to densely populated

areas; proximity to specialized cargo/material end points, e.g., refineries,

power stations, steel mills , etc.

National pri ori ty foi the siting and construction of offshore ports will gain
momentum during the 1980 ’s. Although of f shore port development has not moved

beyond the conceptual stage (due to institutional cautiousness, public sector

restraints, and environmental concerns), this inert state will reverse itself

in the next decade. We would expect one or two of the single point mooring

(SPMa ) proposals for the Gulf of Mexico to emerge as the first candidates . In—

itially , these SPMs (as well as others constructed during or after the erection

of these sites) will transport only oil and gas via pipeline to and from the

mooring site.

During the 1990 ’s, technolog ica l improvement and advancement in offshore

p latform design, coup led with the evolving capability of p ipelines to transpor t

slurry material, will broade n considerab ly the capabilities of offshore ports
to handle nrzny additional materials other than liquids. Floating and fixed

pile structure and design will become economically feasible for bulk cargo

unloading and loading. Large container ships are likely to unload their cargo

on these platforms for loading onto smaller vessels for further distribution

to U.S. coastal and inland ports. These platforms also will serve as an unloading

point for U.S. exports, later to be picked up by large supercargo carriers for

distribuiton world—wide. Furthermore, it appear likely that an extensive network
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of m u l t i p u r p o s e  p i pe l ines wi l l  be connec t ed  to these o f f s h o r e  por t  c e n te r s .

Mineral ore crushing facilities would be located at land—based end points to

t u r n  exported ore into slurry for transport through the pipelines to the offshore

site for loading. Crushing devices might be employed on the p l a t fo rm i tself

to mash imported ore for national distribution via pipeline .

There will be a number of improvements in ship desiyn and carrying capabili-

ties to increase cost efficiencies in shipp ing. Supertankers for transporting

oil and gas will prevail; both specialized and general purpose tankers will be

part of the ship inventory for transporting various forms of liquid. Super-

cargo sh ips for transpor ting finished goods will witness a substantial increase

during the forecast period . In order to maximize profitability, super cargo ship s

will be designed to carry specially fixed modui~ r containers with various standard

sizes. Super ore/other raw material cargo carriers are likely to find increasing

application. Certainly smaller vessels will co. me to be needed during the

next 20—25 years, but they will be used predominantly in carrying freight to

inland and coastal ports wi th  f a i r ly  shallow harbors.

Growth in both large personnel carriers and recreational seafaring vessels

is expected, but the rate of increa8e will be much greater for recreational

paft. Over the course of the next 20—25 years, it is conceivable that it will be

necessary to move huge masses of peop le across large bodies of water. These

masses might be comprised of military troops, or perhaps refugees. Regardless of

the cargo , there will be a number of personnel carriers of various types and sizes

in the international ship inventory. As reacreation/leisure time increases, ~e

would expec t the number of pleasure craft to grow considerably. Private ownership

of small to mid—size motor boats, sailboats, ca tamarans , etc. will expand. It

seems l ikel y that given price decreases in hydrofoils , private ownership will

increase concurren tly.

8y the year 2000 we likely will see U.S. port cajxzbilitiea and
operations, as well as ship design, capabili ty,  and ownership, rapidl y changing
in response to an equally rap idly changing world and U.S. national economic and
technological environment. As many as a half of a dozen , and perhaps more,

multi—purpose offshore ports will be under construction or at the planning stage

in U.S. territorial waters. A smaller number will be operating at near full

capacity. Moreover , many alternative port sitings on land are likely to be corn—

pleted ; others will be under construction. As a result of this shift , we can

expect to witness noteworthy shifts in population and industrial activity into

or near these new port centers. This development alone will have a fairly favorable
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imp lication for regionally equitable economic growth patterns in the U.S.

Furthermore, an inventory of ship capabilities and design will demonstrate sub-

stantial efficiencies for trade and intermoda]. transportation. Private owner-

ship of recreational vessels will increase , and the speed and load weight of

these vehicles will increase considerably.

As the turn of the century approaches, the overall inrportance of port
facilities as a useful component to equitable regional economic development in

the U.... will emerge increasing ly clear. States with inland waterways and inland

port facilities will request that thi8 opportunity be seized. They will pressure

local , state, and the national government networks for funds and technical assistance

Lo upgrade and expand inland port facilities. Debates between waterways/river

states and coastal states are likely to surface. Moreover, states with no coastal

margin or waterways would conceivably lobby for large—scale transportation concepts

heretofore not considered economically justifiable, e.g., super air cargo carriers ,

etc.

UNDERWATER VESSELS/VEHICLES

The number of operationa l submersib le craft  will increase over twofold

before the year 2000. In addition , a sizeable nwnber of these craft  will  be

under construction at the turn of the century. Accelerating offshore commercial

activity will act as the principle driving force. The demand for submersibles

will not only originate from the needs of the offshore oil and gas industry ,

but also will be needed to inspect ore slurry pipelines, underwater habitats

fo r mineral extraction and sc ient i f ic  research , etc. The demand for scientific

mission submersibles also will increase as the inherent desire to better

understand the complex underwater environment crystallizes. Military submarine

operations conceivably could have a spillover effect for subinersibles for

use as cargo and personnel carriers. Yet even if this development should take

hold ,actual application outside of military operations is likely to be

minimal before 2000. We do foresee , however, the use of a number of submersibles

both here and abroad in the recreation sector . As underwater parks grow in

scope and number, the use of submersibles to permit tourists to observe this

intriguing environment seems highly likely before the turn of the century.

The emergence of m ore advanced and less expensiv.’ self -prop ula ion/ewininer
delivery systems appears likely .  Offshore/underwater commercial activity will

be responsible for much of the development in this area. Commercial and scientific -
‘
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diving operations will require systems which permi t them to move at greater

speeds and carry larger and heavier loads. As these technologies become more

widely employed at the commercial level, it seems likely that smaller size units

will become increasingly affordable for the recreation industry. Before the

year 2000 we would expect a number of fairly sophisticated , highly mobile 8e l f—

propulsion/swimmer delivery systems to be privately owned by persons traversing

the underwater domain for purely recreational pleasure and enjoyment.

DIVING

Significant advancements will be made in both corsnercial and recreational
diving equipment and capabilities. As a result, diving related activity will es-

calat e sharp ly over the for’eca8ted period. Offshore industrial/commercial activity

will sponsor the development of diving equipment to permit deeper dives for longer

intervals.  Although most of this gear will be expensive, the recreation industry wil l

develop gear with similar design , but will fall short of matching some of the

more advanced capabilities of the gear employed in the commercial sector.

Both commercial and recreational diving within U.S. territorial waters

will witness substantial growth rates in terms of the absolute number of dives

and the number of individual divera . Commercial d iving will take place wherever

extensive commercial activity in the underwater environment is located , e.g.,

pipeline installation , drilling for oil and gas, etc. Greater use of one

atmosphere diving suits permitting deeper dives will occur. Most recreational

d iv ing  ac t iv i ty  wi l l  continue to be confined along coastal margins in waters

of 200 feet or less, although we can expect some adventurists to dive to

greater depths .

UNDERWATER INSTALLATION / STRUCTURE S

The use of cables in the underwater environment wil l  witness an uneven
rat e of deve lopment , depending on the functional pu rpose of the cable laid.

Satellite consnu’iication technology, as well as other above sea transmission
devices, will offset considerably further growth in cable laying at the bottom

ot the sea for communication systems. Cables will become increasingly important

as a mode to transport electricity to selected population/industtial centers.

In our energy vignette , we discussed how the otfshore electrical energy produc-

tion network is likely to expand considerably over the next 20—25 years (see

energy vignette Chapter 4 for greater detail). Cables will serve as the

principle mode of electrical transportation and distribution form these offshore
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generating sites. Du~ to the ciose proximity of offsIi’~~e ene rgy produ c ing si tes
such as those envisioned , it is probable t ha t  this cable will be laid in relativel y

shallow waters. In order to avoid the scraping of these cdbles by bottoms of

large ships, and the possible entanglement of these lines prom vessel anchors ,

most of the cable laid will need to be buried beneath the beabed.

As discussed previously in this chapter and in other parts of this report,

the dep loyment, use, and function of pipelines in the undei.vater environment will

expand dramaticall y over the forecast period. Initially, pipelines will be linked

to offshore oil and gas operations, including offshore potts for transporting

petroleum to land—based refineries. The rate of growth itt offshore oil and gas

extraction activitie~ is forecasted to accelerate significantly over the next

decade alone. Assuming the discovery of sizeable deposits of oil and gas in the

U.S. Atlantic OCS and of f~hore Alaska, the demand fat pipelines will be boosted

subs tan tially. Pipelines will be used to interconnec€ large clusters of drilling

wells into one distribution platform/mooring point for load ing onto vessels.

Wells fairly close to coastal margins conceivably could inject the oil and gas

extracted via pipeline directly to land—based refineries. Later in our forecast

period , the concept of slurry pipelines will gain momentum , and find notable

application in the underwater environment towards the year 2000. Offshore

multi—purpose ports and underwater extraction sites seeking to mine coal or other

minerals will crush the ore, mix it with seawater, and transport the slurry to

key destination points. In awn, the offshore (and probab ly on land as well)

pipeline industry will emerge as one of the most dynamic, fastest growing indus-

tries in the U. S. economy, and will no doubt find an equally rapid growth in
many other parts of the world con~nunity.

The automobile will continue to retain its preeminance in U.S. society.

Although probable changes in design and propulsion are likely over the forecast

period , individual/family ownership of the auto will remain crucia] for

keeping intact the desire held by most of the nation ’s population to be mobile

and independent , when necessary, of potentially unpredictable , frequently expensive

mass transportation alternatives. ilence, the construction of tunnels, bridges,

and causeways to permit more convenient movement of cars and trucks across and
under the marine environment are likely to witness continued growth. Most
of the water bodies acting as obstacles already have been crossed . The

Chesapeake Bay Bridge—Tunnel serves as one example. The U.S. area mainly consists
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of a large continental mass, and althoug h a brid ge or Tr an~.—J’ ac I f i r  tunnel from

Los Angeles to Honolulu would surely facilitate tourist tr ; ’,el to and from

Hawai i, the intense , seeming ly insurmountable engineering needs , let a lone t he

exorbi tant costs of such a venture , obvia te the p o s s i b i l i ty o f such a concep t

during this century and beyond . Yet there are many nations in the world which

have yet to conquer smaller impediments to domestic travel ; it seems evident that

they will make a considerable effort to close the gaps between intra—nationa l

transportation networks. At this time , f or example , the Japanese are involved

in tensel y wi th the construction of a vast maritime bridge and tunnel projec t

aimed at interconnecting their nation ’s four largest islands. Most bridge ,

tunne l and causeway construction In the U.S., however , will he aimed at increasing

the capabil ity of structures alread y in operation rather than develop ing vas t

plans to interconnect portions of the nation as yet not linked . The construction

of a second Chesapeake Bay Bridge , parallel to the older bridge , has partially

offset the long (both in terms of distance and time) hack—ups moving east and west

across the bridge during the tourist season.

Althoug h we do expect some degree of land-based tunnel demonstrations and

experimentati’ rw lojinq air ~uspension techniques , we do not foresee the de-

p loyment of this ~-n cep t in th~ marine/underwater en9ironme n~ . The f r o n t  end
developmen t costs will be considerably high for this technology. The pursuit

and cons t ruc t ion of a “tube ” tunnel underneath the seabed would only drive costs

up more.
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I9531—8~ I ~O~G — i2  I ’ ’ ) 3 — 2000

LEVEL OF WORL D 1NTLRDEPk-~-DEN GY ~MI) TRAD E (;O
~~i I UL~ES TO I S ;RI-:AS I- , H U H

INABILITY ! INADEQUACY OF’ U.S. PORT (:APMII 1, 11 I ES/CAPACI F ( TO H
HANDLE CROWIN G V~ I ‘RF~ OF T RADE

— IRADI1IONA L ECONOMIC PORT UITI NG NEAR LARGE POPULATION! C H ItDISTRIBUTION CENTERS GRADUALLY EROI)ES -

• CONVENTIONAL SHIPPING LANES BECI)ME MORE CONGESTED It H
• USREASONABLY HIGH P(JLLU’. I ON LEVELS AGGRAVATE PORT

VIABILITY NEAR LARGE POPULATIONS

• SHiP SIZE CONTINUES TO INCREASE , PUTTING FURTHER H H HPRE SSURE ON PORT DEP TH L I M I T A TIONS
• NEED TO ENHANCE/IMPROVE MARINE RECREATION AREAS NEA R 

H H H
LARGE POPULATION CENTERS INCREASES

• OUTDATED U. S . PORT HAN D LI N G FACILITIES REQUIRES H I’
CONSIDERABLE INTERNAL HAP ROR INVESTMENT / REN OVATI ONS

— U.S. INLAND PORT S CONFRONT GROWIN G COMPETITIVE PRESSURE 
U ( HFROM COASTAL/OFFSHORE CO(WTERPA RTS

EXPLORATION / INVEST IGATION INTO NEW HARBOR/POST SIT INGS L C If

— PHYSICALLY ATTRACTIVE SITES DETERMINED BY NATURAL SETTINGS
MORE CONDUC IVE TO NEEDS , E.G ., WIDE N BASIN S, DEEPER WATER , L C; f t
ETC .

— NEW SITES SIGNIFICANTLY Di srAN 1 FR OM LARGE POPULATION L H
CENTERS C

— NEW SITES LOCATED CLOSER TO SPECIALIZED CARGO END POINTS , L L H
E.G. REFINERIES , POWER STATIONS , STEEL MILLS , ETC.

I NU OF NEW ERA IN AREAS O5(,F’ FA I P1 Y UNDF.RI)EVEI.OPEI)/ L L GSPARCELY POPULATED
— 3PECIALIZED PORTS BEGfl; CONSTRUCT ION L C II

— COMPl EMENTARY ENI) POINT UNIT , F..G. Rf FINERIES , SFE EL MiLLS L G I
ETC., RENOVATED CONS IDE RAH LY OR EVEN 4EWLY CONSTRUCTED -

- CONSIIERA BLE SHIFTS OF POPULATIONS ‘10 sf-:u PORT CENTERS L L G

OFFSHORE PoRI GUNS RUCI IO:; IN I: • . WATERS US INC INADI TIONAL SPM
CONCEPTS BE G IN CONSTRU CTI ON C K Ii

— OFF (,ULF COAST G H H
— OFF EAST COAST L C U
— OFF WEST COAST L C If
— OFF ALA SKAN COAST L C H
— EMPLOY EXTENSIVE NETWORX S FOR COt~lOI)ITI/CARGO DIST RIBUT ION L C’. II

S LIQUID PIPELINES H H H
• SLURRY PIPELINES L C C

ADVANCE~~ NT IN FLOATING AND FIXE D PI.ATFORM STRUCTURE AND DESIGN H H H

— EXPANDS FEASIBILITY OF HULK t,JI’~lODITY/CAKGO LOADING AND
UNLOAD ING OF OFFSHORE PLATFORMS L C C

AND IS LOCATED IN U.S. WATERS L C G 
$
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FIGUII I- /~~/ : TAI I,OREI ) VIGNE’I I — - ‘f’PANSf’ORTA I’ION (CONII NGED )

F’OIU-.CAS’l’ El) DEVEIA)PMEFTF I’ROBABI LITY/TIMINC
1981— 85 1986—92 1993—~OOO

SHIP DESIGN WILL CONTINUE TO EMPIIASIZC “SUI’l-: P” (‘UNCEPTU ANt)
OTHER PROCEDURES TO MAXIMIZE TRANSPORT Ef-~~I;:IE NCY 

H H H

— SUI’ERTANKERS FOR TRANsrofe~JN 1 ; OIL AND GAS H H H

• SPECIALIZED rANKERS FOR LIQUIDS H H H
• GENERAL PURPOSE TANKERS FOR VARYING TYPES OF IIQU1I)S C H U

— SUPERCAR GO SHIP S EMPHA SI Z I N G:

• CONTAINERIZATION (; H H
• MODIJLARIZATION C II H

- SUPER ORE C A R R I E R S  L C H
- SMALLER VESSELS USED PREDOMINANT LY FOR TRAVER SIN G C’ C H
SHALLOW INLAN D WATERWAYS/P ORTS

— LARGE PERSONNEL CARRIER S FOR TROOPS OF OTHER MASSES OF
PEOPLE 

L C

— RECREAT iONAL CRAFT WIT H MUCH GREATER SPEEDS C H H

• LARGER OVERALL PRIVATE OWNERSHIP OF VARIO u S RECREA— C’ H HTIONAL CRAFT EXPECTED
• USUALLY INCLUDE SMALL TO MID—SIZE CRAFTS H H C

• HYDROFOILS AND OTHER NEW TYPES OF CRAFT BECOME
ECONOMICALLY FEASIBLE FOR PURCHASE/MARKETING M L C
IN RECREATIONAL SECTOR

ACCELERATIN G DEMAND/ACTIVITY IN OFFSH ORE COMMERCIAL AREAS AND
MILITARY OPERATIONS PROVIDES SIGNIFICANT SPILLOVER IN UNDER— G H H
WATER VESSEL CON STRUCTI ON /AD VANCEMEN T

— NUMBER OF SUBMERSIBLE CRAFT OPERATIONAL INCREASES MORE 
I f  L HTHAN TWOFOLD OVER CURRENT INVENTORY NUMBERS

— SUBMERSIBLES ARE USED EXTENSIVELY FOR COMMERCIAL OPERA— C’ H HTIONS AROUND U.S. WATERS

• OIL AND GAS INDUSTRY H H H
• OTHER RESOURCE ASSESSMENTS SUCH AS MINERALS , FISH , 

L C CETC.

— SELECT NUMBER OF SUBMERSIBLES CONTINUE UNDERWATER HSC IENTIFIC EXPLORATION H H

- SMALL NUMBER SUBMERSIBLES EMPLOYED AS UNDERWATER CARGO M L CCARRIERS (NON—MILITA RY NATURE )

- FEW SUIIMERSIBLES EMPLOYED AS PERSONNEL ~ARR IERG (NON-
MILITARY NATURE 

M I. G

— FEW SUBM ERS IB LES EMPLOYED FOR RECREATIONAL PURPOSES SUCH
AS MARINE OBSERVATI ON RIDES M L C

MORE ADVANCED SELF—PROPULSION/SWIMMER DELIVERY SYSTEMS EMERGE H H H

— ARE ABLE TO TRAVER ~IE MUCH FASTER UNDERWATER H Ii H
— ARE CAPABI E OF (ARRYINC LARGER ANI) HEAVIER LOADS, MORE

PASSEN GERS H H H
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FIGURE 7—4 : ‘IA ! LONE!) VI UNEl’)  F — TRANSPORTATION (CONTINUED)

FORECASTED DEVELOPMENTS 
—~~~~~~ PROBABILITY/T IMING

198 1—85 1986— 92 1993—2000

— SMALLER SIZE UNITS BECOME MORE WIDELY AFFORDABLE AND ARE G ( H
OWNED BY GROWING NUMBER OF RECREATIONAL USERS

SIGNIFICANT ADVANCES WILL BE MADE IN BOTH COMMERCIAL AND II H H
RECREATIONAL DIVING ACTIVITY

— ALL TYPES OF DIVING RELATED ACTIVITY WILL INCREASE C H if
SHARPLY

— EQUIPMENT WILL EMERGE P E R M I T T I N G  DEEPER DIVES FOR LONGER C H H
INTERVAL S

— MOST OF ADVANCED EQUIPMENT WILL NOT BE COST AFFORDABLE H C C
FOR RECREATIONAL SECTOR

— RECREATIONAL DIVING WILL WITNESS SUBSTANTIAL GROWTH IN If H H
TERMS OF NUMBER OF DIVERS AND NUMBER OF DIVES

— MOST RECREATIONAL DIVING ACTIVITY WILL lIE CONFINEI) ALONG H C L
COASTAL MARGINS IN WATERS OF 200 FEET OR LESS

RAPID GROWTH IN ABOVE SEA/A IR,’SPACE COMMUNICATIONS WILL OFFSET ,
OR AT LEAST LIMIT CONSIDERABLY GROWTH IN UNDERWATER CABLE G H H
LAYING AND BURYING

AS OFFSHORE ELECTRICAL ENERGY PRODUCTION INCREASES (SEE
ENERGY VIGNETTE) CABLES FOR TRANSPORTING ELECTRICAL ENERGY L C H
WILL UNDERGO GREATER DEPLOYMENT AND APPLICATION

M — minimal C — good
L —  low H —  high
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CHAPTER 8: INJECTION OF FOREIGN ELEMENTS FROM MAN’S ACTIVITIES

DEFINITION

In recent years, as the concerns for environmental quality have grown , it

has become customary to equate man ’s emission of foreign elements into the

environment as pollution. This concept of pollution carries an inherent negative

connotation and portrays inaccurately the full implications. Accordingly, in

this chapter and in the category of activities, we have avoided the tern “pollutlor ”

in favor of the more neutral term “injection.” Injection is descriptive of what

transpires without ascribing a “value” connotation on desirability. This is

an important distinction to be made, for there are many ways in which injection

of residuals from human activities is a desirable and acceptable procedure to

be employed .

Thus, “injection of foreign elements” is defined as the ultimate deposit

into the underwater environment of all net residuals/materials which originate

from man ’s activities.

Injections may occur either deliberately, accidently or unconsciously.

The specific activities defined within this category vary significantly depending

upon how the injection occurs. These distinctions are classified into four

basic groups with the associated injection activities for each:

DELIBERATE INJECTION

Municipal Residuals

Industrial Residuals

Dredge Residuals

Marine Operations

Radioactive Materials

ACCIDENTAL INJECTI ON

Municipal Residuals

Industrial Residuals

Marine Operations

Radioactive Materials

SUBLIMINAL INJECTION
Runoff

Atmospheric Settling

i 
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MANAGED INJECTION

Nutrients

Ecostahilizers and Restorers

Naturally “Disposables”

Artificial Reefs and Barriers

BACKGROUND

The ensuing discussion and forecasts of underwater activities related to

the injection of materials from man ’s activities considers the underwater

environment as a depository for net residuals of wastes from human activities

conducted on land, on and above the surface of the ocean, and within the under-

water environment.

Throughout history man has used water as a waste disposal system. There

has been little regard for the implications or effects of such actions until

the relatively recent years of the mid—twentieth century. As waste materials

began to wash baLk ashore, disrupting the beach , the shore living and recrea-

tion areas, efforts were initiated to transport the deposits further out to

sea. Nonetheless, the underwater environment has long been regarded as a

perfectly acceptable “dump.”

More recently, environmental sciences have indicated that there are often

serious consequences to overloading these “marine dumps” whether with respect
to the inland waterways or the ocean.

The contemporary scene is one in which the polluting effects of foreign

Injections seems to be uppermost. Laws prohibit dumping of solid municipal

wastes into the oceans, bilging of vessels, and various other forms of delib-

erate injection.

However , for purposes of this analysis we have considered these pollution

concerns to be only a part of the overall perspective. The underwater environment

may also be appropriately regarded as an effective and efficient waste processing

system for many kinds of waste materials. There are many reasons to employ

this natural waste disposal capability as a component of our overall waste disposal

system.

Beyond this natural waste disposal processing is the further concept that

some fo reign materials may be manipulated in such a manner as to increase the pro-

ductivity of some of the economic activities conducted within the underwater

environment. For example, fish populations may be increased , and fishing

ground. significantly controlled in terms of location by the adding of nutrients
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which are present in many wastes. Beyond these wastes, implantation of desired

nutrients can also be a major boost to marine agricultural productivity.

Thus , the underwater activities forecast is developed from the viewpoint

that injection of foreign materials into the marine environment needs to be

managed from at least the following perspectives:

• As a natural waste processing disposal system

• As an economic production system

• As an acceptable depository

• As an unacceptable depository

The overall trends of foreign injection will be set against a complex

mosaic of ocean and land related activities, many of which will have secondary

impacts on injection. Some of the broader macro/environmental constructs in

which these activities will occur include:

• An accelerating industrial expansion in major coastal
areas

• An increasing utilization of the ocean to support a
var iety of activities including mining, energy , military,
fishing activities

• New detection mechanisms t~ measure subliminal and indirect
inclusion of material

• Debates surrounding the concept of the inherent “economic
rent” of the ocean as a depository for the waste of
human activity

• Development of concepts to use injection as part of a
total ocean-related system, for example , conditioning
municipal sludge to be a nutrient or substrate for
aquacultural systems

FUNCTIONAL SYSTEM

The basic functional system involves a series of activities which generate
injection materials , a definitive concept of results which are desired to be
achieved as a consequence of underwater injection activities and the connecting
injection systems which bring these two ends together .

As is seen in Figure 8—1 each of these general components is comprised
of a series of sub—components or systeme .

I’ 8-3
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FIGURE 8—I : FUNCTIONAL SYSTEM:
INJECTION FOREIGN ELEMENTS FROM MAN ’S ACTIVITIES

Generating Systems Injection Systems Desired End Results

Municipalities/Communities Modes of Injection Economic/Effective
Disposition o f WastesIndustrial Processing/ Deliberate

Commercial Activities Nondegraded UnderwaterAccidental
Environment

Dredging/Excavation Subliminal “Managed” dIBposal
Marine Operations Positively managed Process
Other Injection Management Natural disposal

Systems System
Designating Standards Acceptable dump
Monitoring status Controlled
Zonal control enviromental

upgradingRemedial reactions

GENERATING SYSTEMS

The generating systems include :

• Residuals from the existence of municipalities which
accrue largely as a result of the fact that cities or
urban centers exist: These are normally the type of
residuals that would result from local governmental waste
disposal responsibilities and regulations

• Residuals from industrial processing/commercial activities:
These are the wastes to be managed and disposed of through
nongovernmental responsibilities and are a component of
the private waste disposal management systems

• Residuals from dredging/excavation: The residual material
which has been displaced by dredging or excavation
opeations and which needs to be relocated

• Residuals from maring operations: All of the wastes and
residuals resulting from activities within the marine
environment that are injected into the underwater environ-
ment

Modes of Injection

Any of the preceding generating systems may make their injections into the
underwater environment through any of four basic modes:

8—4
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• Deliberate injectirn: Includes direct duli.’ery dumping;
pumnir ,q sewage direct ly  into  the uriderwate~ environment
from a waste disposal facility; loadirg the rnatevial
onto vessels and dumping at sea; or pumping the materia l
out i n to  the sea to get i t  a s u f f i c i e n t  distance from
the shore to preclude washing back cr other undesirable
env ironmental consequences close to the shorelire

• Accidental injection: Includes accidents that create
spills or necessitates injection

• Subliminal injection : Includes r ir.off and materials
which have become suspended in the atmosphere and
are deposited into the marine environment

• Positively managed injection: Anything which is sought
for injection into the marine environment as a means of
increasing its economic productivity , including its value
as a natural waste disposal system

INJECTION MANAGEMENT SYSTEMS

Injection management systems include :

• Systems to designate standards: Characteristically to date
such systems have been largely oriented to determining
pollutants and prohibiting them. However, positive
standards for acceptable materi als are also a part of
these systems

• Monitoring the status: The systems whereby the overall
composition of the underwater environment is cons tantly
monitored to determine the status with respect to the
standards

• Zonal controls: Processes to determine where certain
in j ections of various types may be emi tted and the
management controls to assure that no inappropriate
injec tions are made

• Remedial reactions : the ability to neutralize
undesirable injection which has occurred; such as the
clean—up of major oil spills

DESIRED END RESULTS

The desired end results include the aspirations of those who are operating

the generating systems to eliminate their residuals at the most economically

feasible manner plus the desires of those who wish to assure effective injection

management of the underwater environment.

The desired end results s~ecificalIy include:

• An economically eff icient  area within which to dispose
of residuals

- - -
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A noudagraded undecw -~ter  env i r oxu /nenL ;  i . e ., env i ror ment al
q u a l i t y

• A “managed” di .9posal process which enhanc e~ the product-
iv i ty  of the underwater erwironmunt in three senses :

* An effective natural disposal system

• An acceptabie dump, i.e., absence of negative
resul ts of permitting the ultimate dump con-
cepts to be applied even though the wastes
may not be “absorbed” as is the case above

• A controlled environmental upgrading in which
the injections act as nutrients which improve
the economic productivity of the underwater
environment

GEOPHYSICAL PERSPECTIVES

The impact of injections into the underwater environment is a function of

many things: the qualities and types of materials injec ted , the characteristics
and features of the water and/or ocean bottom where the materials ultimately

rest, the plant and animal life in proximity to the residuals, and the manner

of inject ion.

From the standpoint of the “unrestricted dump ” philosophy there would be

no restrictions to injection anywhere at anytime. This philosophy is no longer

prevalent. Rather , there are significant restrictions upon Injection. These

restrictions are to:

• Prohibit uncontrol].ed injections of some materials; i.e.,
oil spills

• Permit selective injections in some places at some times
for materials (such as radioactive or municipal waste
deposi t areas)

Al though a detailed knowledge of ocean and marine chemistry is still  in
its infancy, the knowledge is developing rapidly. As this knowledge increases,
and as the marine agricultural and other activities discussed throughout this

report emerge, selected areas of “waste disposal zones” for various forms of

Injection likely will be developed .

Present data does not now permit a clear delineation of the geographic

features or locations 01 such zones .

The overall concept of injection is one in which the geophysical limitations

are minimal . Such activitien can occur virtuall y anywhere.
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TAILORE D FORECAST

BASIC CONCEPTS

The basic concepts are discussed briefly below and outlined in Figure 8—2 .

Further detailed discussion is included in the tailored vignette which concludes

this chapter.

Generating Systems

Degree of Societal Response to Recycling Concepts

The level at which total injections are transmitted to the air , land

or water reflects a direct functional relationship to the industrial intensity

of a society. As discussed previously in both the chapters on Energy and

Minerals, the opportunities to vary along this spectrum are considerable. The

“industrial intensity” concept has an analogous application to the notion of

injection; the critical measure of injection related to the creation or adaptation

of recycling concepts , or procedures which curtail or prohibit injection from

occurring. The issues can be defined by one of the following basic concepts:

1) World Depository—-Some analysts contend that worldwide
industrialization supercedes societal concerns for
preventing, controlling or regulating injection. From
this vi ewpoin t, injection occurs as a result of prior
development and favorable management concepts to utilize
injection are not perceived .

2) Permissible Injection—— As the potential deleterious
consequences of injection has caught the public atten-
tion , some have argued that injection should be control-
led at point of origin. Thus, injection would not be
prohibited but a permissible level of injection would
be ascertained and allowed to be emitted.

3) Noninjection concepts——Comprise the array of technolog-
ical alternatives that exist to prevent, eliminate , cur—
tail , or are used to develop positively managed forms
of injections. These concepts foresee injection as
a functional component of industrial intensity but
seek to capitalize on the economic benefits that
injection offers. These concepts are discussed in detail
below.

Municipalities

Within the past 10—20 years, catalyzed by both increasing public concern

and government regulations, technological alternatives to the disposal of
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municipal sludge have been developed . The initial attempts to dispose oil sewage

sludge other than by ocean dumping were based on the premise of “how to get rid

of the matter.” From this viewpoint, the technological alternatives most commonly *

employed were incinerator and land—fill mechanisms. Recent full utilization

concepts typified by the idea of recycleability and by—product generation has

changed this perspective on the disposal of sewage sludge. Recent technological

alternatives seek to utilize sewage sludge and , by different processing methods,

convert the matter to a soil conditioner or fertilizer of to be used as an
energy source for the generation of electric power. New approaches to dumping

include ascribing a functional attribute to the dumped material such as using

sludge to refill the land in strip—mine regions.

Industrial Processing/Commercial Activities

The injection of industrial residues into the ocean environment can be
attibuted to various production cycles and is described as “material” injection .

The composite activities of this category are exemplified by the release of heavy

metals , organic material and nutrients which often cause eutrophication in coastal

waters. The dissipation of heat into the ocean, commonly designated as thermal

pollution, though not a specific compound , also constitutes a form of industrial

injection.

Alternative methods to dispose of industrial residues include: incineration,

landfill, process recovery, and elimination of the material from the production

st ream.

Dredging/Excavation

Dredging deposits pose a direct problem of disturbing both the physical

structure of the ocean bottom and of altering the natural ecosystems that rise

in these areas. Present dredging procedures are used primarily as a means
for developing ocean lanes, harbors or their navigable waterways. As indicated
in Chapter 5 on Minerals , we foresee a rap id acce lera tion of dredging as a means

for mineral extraction and recovery . Dredging operations constitute nearly

ninety percent of the total amount of wastes tha t are directly dumped into the

ocean. Therefore, what previously has been a significant source of injection

should escalate. Alternative approaches to the disposal of dredged spoils are

only in their infancy of development, with land refill the current most likely

alternative. Basic research that analyzes the impact of disturbing the ocean

bottom should lead to new economic and environmental approaches.
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Marine Operations

Injections that originate from marine operations may occur from the trari~ —

portation of materLels which are accidently emitted into the ocean from normal

functioning of vessels often requires discharge of oil or bilge into the water;

and from the whole panorama of offshore industries which , like their land counter-

parts, inject residues as a runoff of their daily operations.

Included in this section are all military activities which may injec t

material into the ocean, such as target practice , muni tion seepage , and

weapons testing .

Other

The injection of radioactive wastes and the dispersal of ruaterial that is

derived from the combustion of fossil fuels are two forms of ocean injection

which cross the category delineation presented above and are thus separated out

to indicate their pervasiveness in the whole injection picture. Radioactive

wastes may be injected into the ocean from a variety of sources including atmos-

pheric testing of nuclear weapons, nuclear power plants, leaks from sealed

containers of radioactive wastes or by accident such as the sinking of nuclear—

powered ships. Hydrocarbon residuals from fossil fuel combustion are trans-

mitted into the ocean via the atmosphere .

Injection Management Systems

Injection management systems are comprised of those operations which dictate

the level of permissible injection , those operations which determine the specific

type and concentration of injected matter , and those systems which seek to isolate

or control the dissipation or injection. These specific management processes are

discussed below.

Designation of Standards

The designation of standards has been developed almost exclusively for

control of injection , neglecting concepts which would promote injection of

acceptable materials that have positive effects on the ocean environment.

Many recent evaluations on parameters incorporated into standard setting have

reflected that scientific ignorance about ocean processes and functions is

pervasive. The ocean attributes or mechanisms that should be involved in standard

setting consist of the following:

8—10
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1) Chemical  ~ a- .e l in o s - — A  d e t erm i n a t i o n  of the chemical corn—
no s i t i o n  of the constituents of the ocean , t h e i r  suscer’—
t i b i l i t y  to absorhtion in biological systems, the physlo—
cherni’~al reactions of eacn component.

2) Biological baselines--An evaluation of absorption rates
on life forms ranging f rom microorganisms to h igher  l i f e
forms. An understanding of the intricate “balance of -

nature ” within ocean systems , so that if a low le~~el
species is disrupted , a higher orqarlisiTt likewise will be
affecter;.

3) Physical baselines——the diverse attributed of oceans that
includo salinity , temperature , currents , depths etc. and
how injected matter is :ran s~ orted and dispersed by these
physical events.

Apar t from the ocean parame ter s needed for  standard se tt ing, the ra tes of

t r ansmi s s ion  from t h e  ~erieiaclng systems must be carefully ascertained. This

phase poses unique d i f~~irultie8 for measuring subliminal injections such as

run—offs or atmosohere transfer in which the generating source is not a tangible

or physi al entity like an industrial production facility.

Monitoring Sys tems

A comprehensive monitoring system will utilize the assay methods and research

tools tha t delineate the chemical , physical and biological baselines required

for standard setting. Monitoring of the ocean can occur from direct measurements

of ocean proper t ies , or by indirect sensing techniques. The variety of approaches

are capsulized below.

Air to Water Techniques——Incorpora te all weather forecasting methods that

po ten tiall y could be utilized to trace the transmission of materials from the
air to the ocean. Satellite tracking of storm systems, wind direction

measurements and air particle density measures, comprise the type of instrument—

ation that is presently utilized and would have direct application to a total

inject ion monitoring system.

Water Property Measurements——Comprise the systems that assay the chemical

composition of the water. Potential systems Include the concept of passive

stations, such as floating buoys located throughout the world , that have built—

in analysis capabilities to determine the properties of the water, transmit the

results of their findings to a centralized computer for final analysis. Water

measurements can be done in a simpler manner by taking a sample from the ocean 
- - -

and analyzing it on a vessel or in a land facility.
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Biological Sampl4~~ ——As indica ted in the previous section , b iologicil organisms

provide a clear gauge that injection enters living species and the food chain.

Zonal Concepts

Zonal controls employ all methods required for the designation of certain

areas where injections are permissible or restricted . Currently, the dumping

of industrial wastes represents one type of zone concept. The objective of

this type of disposal is to eliminate the consequences that the waste imposes

on land l i fe , and to decrease its impact on the marine environment by depositing

in an isolated area . Other zone concepts include:

1) Temporary restrictive zones——imposed for short term
mostly in response to an accident such as a major oil
spill. The objective is to present the spread of the
injected material and to lessen any potential dangerous
impact the material could have on human life.

2) Permanently damaged areas——In which the accumulation of
the injected material poses a long term danger to human

• and marine life. Areas in which radioactive material
has leaked and are now restricted for other marine
Usage

3) Marine supplication——The planned injections to stimulate
marine growth or in some other manner enhance the qual i ty
and productivity of the marine environment

4) Environmental purity——Areas designated for the preser-
vation of pure water and a clean environment such as would
be required for underwater recreational parks

Remedial Reactions

Remedial reactions are those procedures tha t are used proactively to neutralize

the impact of an undesired injection on the marine environment. Primary research

efforts in this general area, devoted to the cleanup of oil spills, poses the most

visual and significant short—term negative impact on marine ecology. The basic

methods employed for oil spill cleanup will have analogous applications to other

injections. These general or remedial measures include:

• Mechanical containment techniques which encumber and
prevent the dispersal of injected matter. These barriers
could be physical structures such as floats or some chemical
mechanisms which restrict free movement of the injection

• Sinking procedures are designed to remove the threat of
injection in an expeditious manner by preventing the injection
from occuring or continuing. For example , if an oil vessel
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splits in half iron a severe storm , r-ar’~ of the oil may
be in containers that have not beer split apart. By sinking
the remains of the ship the sealed contai ners wil l  reside
on the ocean bottom and not be subject to further rupture

• Chemical dispersion methods act like conventional soap or
detergent. These procedures break up the injected matter
into small par ticles

• Physical absorbtion techniques are designed to remove the
injected matter in a similar way a sponge is used to clean
a countertop. Some material is placed in the area where
injection has occurred and when the matter is removed it
takes the undesired r~aterial with it

• Combustion is employed to burn off the injected material

• Biological degradation techniques utilize microorganisms
whi ch eat upon the in jected matter and retard its dispersal

4
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TAiLO RED VICNETTE

Continued industrial growth and municipal expandsion will create a direct
increase in the total amount of injected matter into the ocean the mnc~iate

short term. Irrespective of the development of control systems or adaptation

of alternative technologies, the input of undesired material into the ocean will

escalate as the number of generating systems increase. This forecast incorpor-

ates the ideas previously stated in Chapter 4 on Energy that society will chose

a specific course of continuing energy intensity. The expanding concentration

of urban centers will intensify the problem of disposal of sewage wastes and

other matter that originates from human activity. These events set the stage for

rising levels of injection into the ocean. The specific sources of injection will

include all phases of petroleum production , from early exploration, through extrac-

tion, transportation and refinement : the emission of chemicals which result from

the combustion of fuels, particularly from automobiles, and dredge spoils from

excavation sites and mining locales.

Ocean injection will continually be perceived as a prob ’em or a pollution
in this p hase of rapid de velopment and industrial expansion. Governmental guide-

lines will be established to improve equipment design and to curtai l overall

injection levels. New comprehensive systems of detection will tend to magnify

the issue of injection; previously undetected material will be isolated and the

pervasive manner in which injected matter can be transmitted through the marine

life cycle system will be determined . Initial industrial response to both public

pressure from marine—oriented environmentalists and the state and federal govern-

ments will be to develop systems that curtail the total output of residues.

This objective will be met by the utilization of recycling concepts. The increasing
threats that injected material pose on marine life and human life will activate

the creation of a variety of methods to neutralize the presence of the injected

material and to counteract its harmful effects. The injection of material into
the ocean will increase

’ 
feedback and impact on human life and food systems.

Fishing capabilities will be impared by the detection of newly identified material
In fish and other marine species. The issue of radioactive waste disposal and
associated dangers to marine life will also catalyze programs which seek to
neutralize the effects of material injected Into the ocean. The dumping of
wastes generated by human activity, principally the disposal of sewage, will not

8—14
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be satisfied by the development of alternative land disposal systems , for they

will be restricted by the high cost of design and development , and because their

use will be curtailed by their failure to meet air and water emission requirements.

In some cases, alternative systems will still feed injections into the ocean such

as land fill utilization in which the potential for runoffs clearly exists.

The initial management concepts emp loyed to counteract injections will be

one of neutralization. This means utilizing whatever mechanical, chemical or

biological systems that will tend to lessen the impact of identified dangers

from injection. The objective of neutralization methods will be to insure that

the quality of the marine environment remains in the same state as it was prior

to injection. Mechanical neutralization techniques will  encompass all me thods

that utilize some hardware or instruments to physically remove the injection from

the ocean. Present day oil skimmers used for oil spills typify this concept.

In the future a variety of mechanical devices will be employed for diverse types

of Injection. Chemical agents that dissipate injected material will be

developed. These chemicals will function so that the injected matter reacts In

some form as to eliminate its impact on the marine environment. Biological agents

will Include the adaptation of microorganisms that feed upon the injected matter.

The combined effect of these neutralizing concepts will be to allow coastal

municipalities and some industries the opportunity of achieving a cheap waste
disposal system. ~y the mid 80 ’s the concept of posi ti ve management will be artic-
ulated formally and the basic research and selective concept will be initiated.

Positive management concepts , the injection of materials into the marine

environment to enhance or augment the quality of the marine life or to develop

some form of economic productivity, will stem from a converging set of variables.

Initially, injection as pollution will be a key operation concept. This idea

then will stimulate neutralization, which in turn will be expanded to suggest

economic productivity. The final step will be derived from the preception that

marine environment has numerous possibilities of resource development and

economic growth opportunities. The neutralization concept s which lead to
a cheap selection alternative waste disposal system will catalyze ideas of

economic opportunity that are not forms of resource extraction alone. (It

should be noted that ocean extraction refers to the direct removal of some components

or raw material from the marine environment that has value, i.e., f ish, minerals,

etc.).  ~~~ -
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CHAPTER 9: INJECTION OF FOREIGN ELEMENTS FROM NATURAL FORCES

DEFINITION

Injections that occur naturally without the intervention of any human

activity are represented in this category and distinguished from the forms of

injection that were previously discussed. The origin of natural injection

into the marine environment are often less visible than those that are a product

of man ’s activity. As stated before, injection does not connote positive or

negative impacts and specifically avoids suggesting that disruptions are of a

harmful nature.

Unlike man—initiated injections which can be deliberate, accidental, sub-

liminal, or managed in scope, natural force injection occurs completely without

the element of human control and in some forms can be called accidental. Natura).

injections presently are best exemplified by oil seepages from the ocean bed.

The specific activities defined within this category vary depending upon the

source. The activity delination includes:

1) Natural Seeps and Leakages

2) Injection as a result of natural forces

3) Injection from marine species

BACKGROUND

Present known leakages from the ocean bottom are the most visible and

apparent type of natural injection. Natural gas leakages have also been identified

when exploration for oil has occured. Some estimates indicate that natural

seeps account for nearly ten percent of the total amount of petroleum hydro-

carbons transmitted to the oceans.

Injection from natural forces include the deposition of matter into the

ocean as a di rect result of a natural event. For example, the atmospheric

transferring of materials emitted from volcanoes into the ocean, ocean bottom

matter lifted and redeposited from a hurricane or severe storm, or the surfacing

of material  from the ocean floor after an earthquake.

Injection from marine species include the net residues that are transmitted

to the ocean as part of their waste function. Thus far, there has been no

identification of this area as a potential concern for accumulation.

9—1
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FUNCTIONAL SYSTFM

The basic functional system Involves a set of activities which generate

injection materials, management systems which in some way manipulate the matter

and end—fate systems . The basic functional system for natural sources is similar

to the previously discussed framework for injection by man’s activities. How-

ever, unlike injection derived from man ’s activities, which at times can be

controlled at the point of origin, natural injection is solely by accident and

presently can not be controlled. Nonetheless, the functional system incorpor-

ates those concepts that ultimately may be developed and utilized to manage

natural injection. As Is seen in Figure 9—1 , each of the general components

is comprised of a series of sub—systems.

FIGURE 9— 1: FUNCTIONAL SYSTEM: INJECTION FOREIGN
ELEMENTS FROM NATURAL SOURCES

Generation Source Management Systems End—Fate

Leakages and Seeps Neutralization Methods Non—degraded under—
water environment

Natural Force Residue Monitoring Systems Managed Processes
Mar ine Species Residue Zonal Controls

Remedial Reaction

Generat ion Source

The generation sources include:

• Residuals which are deposited or injected into the underwater
environment as a result of natural leakages or seeps. This
material normally comes from cracks in the earth’s crust below
the ocean bottom

• Residuals which are the result of natural forces. These
deposits include air—to—water transmission of volcanic waste,
hurricanes, tsunami or any other natural event which carries
new material into the ocean

• Residuals from marine species are the wastes injected into
the ocean as a result of normal marine life functions

Management Source

The management systems for natural injection overlap with those for injec-

tion from man ’s activit ies, and include the concepts of standard designation,
monitoring, zonal control and remedial reactions. However, greater emphasis
must be placed on those concep ts tha t  employ neutralizaiton techniques for
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the often unanticipated nature of natural injection decreases the probability

of controlled management . For a complete review of the management system

see page 5 of Chapter 8.

End Fate

The end fate of injection reflects the desired objection in the quality

of the marine environment. The spectrum ranges from noncontrolled (any injec-

tion is permissible) to the positive management concept introduced in the last

chapter.

TAILORED VIGNETTE

The natural phenomena that initiate injection into the ocean will continue

to occur and the natura l and p hysica l methods which transport injection will

ren~zin. The above statement simply states that the world ’s physical forces

and marine life will continue to exist throughout the forecast period. We

do not foresee significant technology advances that would preempt a major

natural event from developing.

Monitoring 8yatems and detection capabilities will enhance the like lihood
for  predictive capabi litie8 of ma.jor natural phenomena and isolate new locations

of natural seeps. Scientific research into the whole domain of underwater

activities will escalate as a di rect by—product from operationalization. Weathe r

forecasting systems , earthquake predition methods and mineral resouce identifi-

cation will be key factors that provide foundational information on natural

force occurrence within the underwater

The initial ntvzagement concepts enrployed to counteract injections will be

one of neutralization. This mewia utilizing whatever mechanical , chemical or
biological systems tha t will tend to lessen the inçtact of identifie d dangers
f r om injection . The objective of neutralization methods will be to insure that

the quality of the marine environment remains in the same state as it was prior

to injection. Mechanical neutralization techniques will encompass all methods

that utilize some hardware or instruments to physically remove the injection from

the ocean. Present day oil skimeers umed for oil spills typify this concept.

In the future a variety of mechanical devices will be employed for diverse types
of injection. Chemical agents that dissipate injected material will be
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developed. These chemicals will func t ion so that the Injected matter reacts in
some form as to eliminate its impact on the marine environment . Biological agents
will include the adaptation of microorganisms that feed upon the injected matter.

By the mid 80’s the concept of positive irxznagement will be articulated formall y

and the basic research and selective practice8 will be initiated.

Positive management concepts , the injection of materials into the marine

environment to enhance or augment the quality of the marine life, or to develop

form of economic productivity, will stem from a converging set of variables.

In it ially, injection as pollution will be a key operation concept. This idea

then will stimulate neutralization , which in turn will be expanded to suggest

economic productivity. The final step will be derived from the preception that

marine environment has numerous possibilities of resource development and

economic growth opportunities. The neutralization concepts which lead to

a cheap selection alternative waste disposal system will catalyze ideas of

economic opportunity that are not forms of resource extraction alone. (it

should be noted that ocean extraction refers to the direct removal of Bome components

or raw material from the marine environment that has value , i.e., fish, minerals,

etc.).

The posi tive management concep t8 and neutralization techniques developed
primarily for  injection by man ’s activities Will have sp in~off app lication
in the area of natura l injection. Concepts will be developed for selective

“manipulation intervention” with the natural forces as a way to preclude their

injection. These techniques will be applied only on a highly selective basis,

and only to a very modes t degree within the forecast period . For example ,
if a volcanic eruption is about to occur, and if it is closely situated to

oil fields or other areas of economic or marine activity, efforts will be made

to app ly any potential techniques to divert or control such an eruption.
During the forecast period natural force preemption or neutralization will
remain on a low level of research activity and in an experimental stage.
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CHAPTER 10: RECREATION/CONSERVATIoN

In many respects conservation is an inherent component of the other activ-

ity categories. For example, nondegradation of the quality of the marine

environment from pollutants (discussed in Chapter 8) is a form of conservation.

The particular type of conservation discussed in this chapter is confined to

the designation of certain areas specifically set aside, or retained in some-

thing close to their natural or unique state. In general, recreation is activity

whose marine—related principle purpose is to offer persons a time and- place for

leisure, pleasure, and enjoyment. Most recreation occurs through boating, diving,

and fishing. That form of recreation is discussed briefly in Chapters 6 and 7.

The specific activities which are included within this category are:

(1) Production of specific marine species which are in
dang.~r of extinction, and which are not included within
the concepts of marine managed agricultural organisms.

(2) Preservation and protection of cri tical habitats in
the marine/estuarine ecosystems , e.g. coral reefs

(3) Operation of recreational national parks and seashore
areas

(4) Protection of unique points of interest to assure the
continuance of singular cultural and historical features,
such as historic shipwreck sites , un derwater caves,
unusually beautiful coral reefs , and other geological
treasures or exotic plant/animal habitats

(5) Protection of various areas for other reasons, including
the designation of areas for specific research purposes,
for aesthetic purposes , for assurance of nondisruption
of important ecological forces such as iceberg areas,
etc.

Recreation and conservation often are highly complementary activities. For

example, the land wilderness areas also are very popular recreational areas for

camping, hiking and other outdoor recreational pursuits.

Both conservation and recreation activities may have important coimnercial
implications. It is coimnon to perceive the recreation industry as an economic

sector which facilitates the use of a given area (in this case the underwater

environment) for the purposes of pleasure , relaxation, and leisure.

Many areas meet more than one of the above definitional criteria. The

site of the wreck of the U.S.S. Monitor, for example, meets the criteria for

3 and 4. The coral reefs off  Florida ’s Key Largo meet 1, 2 , and 3.
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BACKGROUN D

As human activity within the offshore environment has increased, concern

has grown for both the recreational opportunities which it can afford , and the

conservation of certain resources within this environment. Concepts of marine/

underwater parks and sanctuaries have gained considerable priority only recently.

Most of the over 150 marine parks throughout the world were so designated within

the past fifteen years. In May 1975 , during the International Conference on

Marine Parks and Reserves in Tokyo , the Cook Islands established the first

World Marine Park at the island of Manaue, a small coral island of about eight

square miles.

Within the United States and her trust territories, there are:

• Over 30 designated marine/seashore parks, of which about
one—third are located in the Pacific including the West
Coast, off Alaska, Hawaii , and the Pacif ic Trust Terri tor ies ;
5 in the Great Lakes region ; and the remainder spread
along the Atlantic and Gulf Coast States (including two
in the Caribbean Territories)

• Two officially designated marine sanctuaries, the Key Largo
Coral Beefs Sanctuary off  Florida protecting a 100 square
mile coral reef area, and the Monitor Marine Sanctuary
designed to protect the wreck of this Civil War ironclad
(an area of about 1 mile in diameter)

• Only one area of the U.S. National Park System has been
specifically recognized as an “underwater park ,” the Buck
Island Reef National Monument in the Virgin Islands. Buck
Island offers  underw ater trails demarcated especially for
visiting tourists/divers. Other parks have offered or
have considered offering trails such as these, but the
cumulative rate of usage thus far  has not warranted the
expense of maintaining trails in these other parks.

As the diverse network of social, economic, political , and technological

developments related to the marine/underwater environment come into view,

much greater attention will be given to preserving and conserving our marine

ecosystem and the resources within it. Comparatively large marine areas will

be given consideration for designation as parks and/or sanctuaries , a pattern

similar to the historical features and pace of the U.S. land “wilderness” con-

cept. Furthermore , the array of technologies developed for marine/underwater

commercial activity such as offshore production of oil and gas, seabed mineral

mining, and so forth will have positive spillover effects for the recreation

10—2
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area. The inventory of these technological devices and techniques is qui te

lengthy , and is discussed throughout this report. Despite the fact that many

present recreation related activities are not economically justifiable, they

will become economically feasible as the front—end costs are expended in those

more fruitful commercial ventures in the marine/underwater environment.

FUNCTIONAL SYSTEM

The functional system for recreational/c3nservation preserves is outlined

in Fugure 10—1 .

FIGURE 10-1: FUNCTIONAL SYSTEM: UNDERWATER
RECREATIONAL /CONSERVATION PRESERVES

Demand Preserves
Systems

~~~~~~~~ Site Designatio
Development Maintenance S stems

Systems and
Operations

Systems

Demand systems usually involve one or more of the following:

• Groups who wish to protect some particular aspect of the
natural marine environment

• Groups who wish to develop the underwater recreational
potentials as a commercial venture

• Groups who wish to “ consume” the unde rwater natural and
recreational features

The preserves which are emerging generally include the following basic types:

• Selected marine species (animal and/or plant) sites

• Critical habitats preserves

• Recreational, aesthetically unique or appealing locations

• Unique points of historic or natural interest

• Natural preserves to be retained for scientific/conservation
purposes

These preserves are determined by a complex process of interacting demands

and knowledge of marine/underwater features. These processes are termed “desig-

nation systems.” These systems include :

• Detection/inventory of underwate r features

• Procedures for formally designating the site, including
the rationales for such restricted useage

• A fi nal jurisdictional assignment of the designation
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Perhaps the most difficult aspect of the designat ion process originates

with conflicts of use. When any preserve is specified , it immediately re-

stricts many other possible activities such as waste disposal , transportation ,
commercial offshore exploitation , marine transportation, and in some instances,

even recreational activity

Site development systems include the technologies and delivery procedures

for any clean—up , construction or other facility requirements which the preserve

will need to fulfill its designated purpose.

Maintenance and operating systems include:

• Retaining and/or perhaps initiating and managing selected
recreational activity ,  i.e., the diving , underwater
habitat, etc.

• Assuring the capability to maintain the overall status of
the preserve in the condition determined appropriate for
its purpose

GEOPHYSICAL PERSPECTIVES

The siting and designation of marine/underwater recreation and conservation

parks and sanctuaries theoretically can occur wherever the protection and preser-

vation of certain marine resources and ecosystems is assessed as needed. If

a particular historical landmark or marine species is adjudged to be worthy of

preservation or protection, the site of this landmark or habitat area of the given

species alone would determine its designation regardless of specific geophysical

perspectives within the area determined in need of preservation and protection.

In spite of t he seeming irrelevance of geophys ical pe rspectives for some

conservation/protection/preservation sites, geophysical perspectives will emerge

as important criteria for the designation of recreational sites. We would assume ,

for example , that a selected recreation park would offer:

• Relative freedom from unhealthy pollution levels

• Save distance from frequently travelled ocean lanes/transit

• Distance from various offshore economic activity such as
floating or fixed pile oil and gas production platforms

• Reasonably calm , warm waters

• Comparatively close to large land—based populations who
could traverse to such park facilities within a reasonable
time

—-- - -
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TAILORED FORECAST

BASIC CONCEPTS

Recreation/conservation preserves and the related activities within these

sites entail a complex network of concepts important to the future rise or decline

of these preserves. We have highlighted some of these concepts while d iscussing

the functional system for preserves (see Figure 10—1); however, this brief section

was not intended to be all— inclusive when assessing the potential alternative

futures  for preserves. The following basic concepts and the components within

each, need to be assessed to assure comprehensiveness and validity for our tailored

vignette:

Demand Systems

Many diverse societal needs will determine the scope and application of re-

creation/conservation preserves——for instance:

• Need to protect the marine/underwater environment and
the resources found within it

• Need to conserve the marine/underwater environment and
the resources within it

• Demand to participate in or “ consume” the pleasures
associated with the marine/underwater environment

• Demand by commercial/recreational industry to develop
the marine/underwater environment as a profit venture

• Need to better understand the unique scientific features
of the marine/underwater environment

Functional Systems

Each marine/underwater park, seashore, and/or sanctuary serves one, and

perhaps more , specific funct ions to sat isfy the above demands/needs. Some of

these functions would include:

• Protecting selected environments

• Preserving or conserving selected environments

• Providing selected environments for a growing recreation,
leisure—oriented sector, or for an inquisitive scientific
research

Designation Systems

In order for a given marine/underwater site to become a jurisdictionally
recognized and protected preserve , each site must undergo a number of processes
to assure legal designation and protection. These processes might entail:

10—5
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• Initial siting for fu r ther inqu iry

• Sped f ic  scientific/biological/historical investigative
inquiries

• Proposals to specific jurisdictional bodies capable of
assuring recognition and protection of the selected site.

• Assessments of the above investigative findings vs.
functional needs

• Assessments of needs vs. impinging/competing conflicts in
uses of a selected site area

• Key debates, conferences , and othe r avenues of discussion
to resolve issues stemming from any contradictory assess-
ments determined above

• A proclamation depending on the outcome of the above
processes , refusing or granting a jurisdictionally
preserved , protected , and/or conserved site.

Impinging Conflict Uses

Although conflicting uses of selected marine/underwater environments are

d iscussed par tially above, the salience of these concepts to the actual desig-

nation and/or continuing operation of a preserve demand some further explication.

Some of the potential conflict uses of any given area might include:

• Key waste disposal systems/facilities for comparatively
small to large population centers.

• Important waters for the uninterrupted flow of trading
ships and vessels

• Offshore/underwater commercial exploration , exploitation ,
and operations , e.g., oil and gas extraction and gravel
mining dredging

• Various other potential uses, e.g., key waters for com-
mercially netted fish stocks, or areas traditionally set
aside for naval operations

Maintenance and Operations

Once a preserve is designated , its functional role clearly defined , and the

competing conflict uses/issues resolved, numerous personnel, procedures, and

technologies must be employed to assure the protection, preservation, or conser—

• vation of the site. For instance, a protected marine/underwater habitat for

an endangered species requires that authorized personnel be at the si te to assure
no violations will occur ; these personnel will require support craft and diving

equipment for patrol duty; monitoring equipment will be needed to assure the

protected environment and the resources within it are retained in the condition

originally sought.
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KEY DRIVING FORCES, KEY BARRIERS, AND OBVIATING FACTORS

Figure 10—2 outlines the driving forces, barr iers , and obv ia ting fac tors

relevant to forecasting underwater recreation/conservation—related activity.

In the following tailored vignette , we highlight many of these forces , barriers ,

and factors which ultimately will determine the scope and application of under-

water parks, national seashores, and protected marine sanctuaries.

FIGURE 10—2: TAILORED FORECAST FRAMEWORK——
RECREATION /CONSERVATION PRESERVES

BASIC TECHNOLOGICAL KEY DRIVING FORCES KEY BARRIE RS OBVIAT ING FACTORS
-__CONCEPTS ______________________ ________________________ _______________________

Demand Systems • Growing need to pre— • Impinging , diverse . Significant decline
(see page 10—5) serve/conserve re— conflict uses in societal inter—

Functional Systems sources in danger of
extinction • Frequently lengthy 

est in preserving

• To protect 
regulatory environ— or protecting key

• To preserve 
. Desire to protect ment; other related areas

selected resources bureaucratic delays • impinging conflict• To provide and environments uses obviate
Designation Systems from uneven exploit— feasibility of

ation or unnecessary setting aside• Initial siting “overkill” selected areas for
• Scientific/other

inquiries • Increasing desire to 
protection or

• Proposing sites preserve unique preservation

• Legal assessments points of national
• Conflict use and/or historic
assessments interest

• Refusal or granting . Rising demand for
Impinging Conflict Uses ~~re recreation

• Waste disposal 
areas to view aud/

systems or participate in
underwater domain

• Trad e routes
• Commercial activity • Existence and
• Military operations readiness of comeer—
• Other cial enterprises

Maint. nan~ e and Opera— to undertake selec-

tions ted recreation—
oriented investments

• Personnel ventures
• Support equipment • Societal/scientific

willingness to study
the marine environ-
ment in order to
better understand
the living and non—
living resources
within it
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THE TAILORED VIGNETT E

Desp ite rap idl y increa 8ing offshore commercial activity, the nation ‘a
interest and concern in pre serving and prote ctin9 BeleCted area s of the mar ine/
underwater environment ~, ill remain intact. We can expect lengthy debates to take

place during the next decade between proponents stressing accelerated offshore com-

mercial exploitation and groups and individuals insisting on strict controls,

and in some cases, total bans on all human activity offshore. Most of these

divergent opinions will focus on regions found in offshore sunbelt portions

of the U.S., e.g. the southest Atlantic , the southern West Coast, and Hawaii.

Compromises between proponents and opponents of increasing offshore economic

activity will emerge. Many offshore areas will be selected for commercial

exploitation, especially where economic priorities/realities far outweigh poten-

tial environmental disruption. In contrast, many areas will be set aside for

protecting and/or preserving living and/or nonliving marine resources. The

implementation of effective, efficient monitoring and management systems will

be essential for both types of designated areas in order to:

• Dete rmine , on a con tinu ing basis , the exact effects of
dumping , commercial and recreational fishing, offshore
mineral exploration and extraction, etc.

• Assure that those areas intentionally set aside for
protection and preservation of resources do not become
victims of further exploitation , looting, or other
types of violations

Before the end of the next decade , a major nationa l program will be set
in motion to more intensely identify, inventory, assess , and continuow3ly
monitor our marin.~’/undervater environment. Expanding population along the

coastal margins and the increasing demands these inhabitants will put forth for

more coastal recreational sites and facilities coupled with the overall willing-

ness of the leisure/recreation economic industry, will assist in precipitating

and carrying through such a program. The leisure industry gradually is becoming

a more important economic sector in the U.S. The ability of this sector to

successfully lobby for greater investment opportunities will advance signif i—

cantly. Indeed , this sector is likely to share much of the costs associated in

implementing and developing this national program involving marine/underwater

parks, seashore sites and related facilities, and regulated sanctuaries.
4
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We foresee the desi gnation and s tringent protection and pre servation of hun-
dreds of marine/underwater parks and sanctuaries by the year 2000. lit leas t 15 ,
and perhaps as nwiy as 25 such preserves will be loca ted in U. S. territorial
waters. Current ly ,  a n umb er of nations (Canada , Japan, Kenya , the Philli—
pines, Denmark, as well as the U.S.) are leading what appears to be a grad-

ually evolving international effort to protect and preserve key marine living

and nonliving resources. This trend will continue. Within the U.S., a multi-

tude of proposals already have been submitted to public officials requesting certain

marine areas be designated sanctuaries to assure the preservation of unique

habitats and the life which resides in this environment. It is unlikely that

most of these proposals will be accepted. Yet further analysis and assessments

of areas along coastal margins will determine a host of locales where severly

threatened marine resources exist, and need to be preserved. Generally, these
sites will be designated in comparatively remote marine/underwater environments.

Many protected sanctuaries will prohibit practically every kind of commercial/re-

creational inhabitants.

Marine/underwater protected and preserved areas will be developed and operated
by both the public and private sector. The specific function of the site will
determine which Bector is the predominant operator. Parka and sanctuaries

with unusually sensitive features generally will be monitored and protected

closely by the public sector. Where severely threatened marine living

and nonliving resources are found, it is most likely that state, local , or federal

officials and patrols will bear the brunt of development and protection activity.

Strict regulations and bans in these areas are likely to limit commercial activity,

to ur ism , and perhaps even sightseeing. As a result, little, if any , income will
be derived from these sites. Private investment in a venture such as this will
be minimal, and probably limited to occasional contributions.

In contrast, underwater parks, seashore sites, and conceibably some sanc-
tuaries not requiring a stringent regulatory environment will be developed and
operated by the private sector. These sites will be located near heavily

populated coastal centers in comparatively warm climates. Monitoring

of the effects of recreation and commercial activity in particularly sensitive

areas will continue to be undertake t, predominently by public sector officials;

enforcement of specific regulations also will remain in the hands of government

patrols. Nonetheless, comercial enterprises will seek broad development rIghts

in these sites. Ongoing restraints on surging public sector expenditures during

10—9
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this period will prohibit extensive governmental involvement. The public sec-

tor is likely to request commercial enterprises to make purchase bids or perhaps

even lease some sites before a large—scale recreational development effort may

occur.

Before the turn of the century, we can expect as many as 100 or more recrea-
tion—oriented seashore , marine, and underwater parks to be in total operation .
Most of these sites will offer only a minimal amount of tourist attractions other

than the natural beauty of the site. Nonetheless, there will be a handful of parks

which provide:

• Extensive sub—sea trails demarcated for visiting divers

• Underwater restaurants and/or hotels aimed principally at
permitting tourists to view marine resources while eating
or relaxing

• Structures specifically constructed for tourists to
observe underwater phenomena, perhaps through portholes
or large sub—sea rectangular windows.

• Glass—bottom boats for sightseeing tours

• The use of a few submersible tourist vehicles with ample
viewing posts for riders

Near or after the year 2000, the growing recreation industry will explore

seriously the feasibi lity of cons tructing a comp letely outonomous underwater
recr ”ationa l park fac i l i ty .  Although designs and conceivably partial construction

of such a concept will be under way before 2000, we do not expect application

or operation of this type of facility during the forecast period. Suffice it

to say here that it probably would offer accomodations for no more than 50—100

persons at one time, and that the expense to interested tourists initially
will be non—competitive with counterpart leisure accomodations on land.

~~~~~~~ ~
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FIGURE 10—3: TAILORED VIGNETTE - RECREATION/CONSERVATION

— 

POTENT IAL DEVELOPMENT S 198 1— 8 
_______

PUBLIC INTEREST AND CONCERN IN PRESERVING /PROTECTING SELECTED H H C
MARINE/UNDERWATER ENVIRONMENTS REMAINS INTACT

• NUMBER OF DEBATES TAKE PLACE BETWEEN PROPONENTS AND H H C
OPPONENTS OF IN CREASING OFFSHORE COMMERCIAL EXPLOITATI ON

• COMPROMISES WILL ENTAIL AND REQUIRE THE IMPLEMENTATION
OF EFFECTIVE AND EFFICIENT MONITORING AND MANAGEMENT C H 11
SYSTEMS

- TO DETERMINE HARMFU L AND DANGEROUS EFFECTS OF SELEC— C H HTED COMMERCIAL ACTIVITY
- TO ASSURE KEY AREAS ARE PROTECTED FROM FURTHER EX— G H HPLO ’TATION AND PRESERVED IN THEIR NATURAL STAT E

MAJOR NATIONAL PROGRAM SET IN MOTION TO IDENTIFY , INVENTORY , HASSESS , AND MONITOR UNDERWATER ENVIRO NMENT

INCREASING NUMBER OF MARINE PARKS/SANCTUARIES DESIGNATED AND
STRINGENTLY PROTECTED BY HOST OF NATIONAL GOVERNMENTS IN THE H H H
WORLD COMMUNITY

NUMBER OF SANCTUARIES WITHIN THE U.S. RAPIDLY INCREASES C. II H

• GENERALLY FOUN D IN REMOTE MARINE/UNDERWATER LOCATIONS C II H
• PROHIBIT MOST COMMERCIAL/RECREATIONAL ACTIVITY G H 11

PROTECTED/PRESERVED AREAS WILL BE DEVELOPED AND OPERATED BY L C H
BOTH PUBLIC AND PRIVATE SECTOR

• SEVERELY THREATENED AREAS WILL BE DEVELOPED MAINLY BY H I! H
PUBLIC SECTOR

• PRIVAT E SECTOR RECREATIONAL INDUSTRY WILL DEVELOP SITES L C H
WITH HIGH TOURIST TU RNOUT AND APPEAL

AS MANY AS tOO RECREATION—ORIENTED SEASHORE , MARINE , AND/OR M L HUNDERWATER PARKS WILL BE DESIGNATED AND OPERATING

• MOST SITES OFFER MINIMAL TOURi ST ATTRACTIONS OTHER THAN uNATURAL BEAUTY / AESTHETICS OF AREA H L

• SOME SITES OFFER EXOTIC, UNIQUE FEATURES FOR TOURISTS H L C,

— SUB—SEA TRAILS FOR DIVERS H H H
- UNDERWATER RESTAURANTS/HOTELS L C
- UNDERWATER OBSERVATION STRUCTURES L C H
- GLASS—BOTTOM BOAT TOURS L C It
- TOURS ON SUBMERSIBLE CRAFT WITH A15’LE VIEWIN G POSTS H L C

RECREATION INDUSTRY EXPLORES SERIOUSLY FEASIBILITY OF UNDER-
WATER RECREATIONAL PARK FACILITY M L C.

• DESIGNS INCLUDE SELF—SUFFICIENCY FOR LONG PERIODS OF TIME
WITH ACCOMODATIONS FOR 50—100 PERSONS Ii L C

• BECOME S TOTALLY OPERATIONAL M H L

H miniaal C — good
L low H— high
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CHAPTER 11: SCIENTIFI C RESEARCH

DEFI NIT ION

Scientific research comprises all investigations into marine life, the ocean

and its properties , and operational and engineering aspects of the subsurface

which in some way increase the overall body of knowledge on the underwater and

facilitate the development of specific underwater activities. The scope of

scientific research expands all known scientific disciplines and includes new

disciplines that are being generated by the expanding studies of marine life and

the oceans.

This chapter is not a compilation of all major research endeavors that exist,

will exist, or will be required. Rather, the objective of this section was to

review current research programs in juxtaposition with the forecasted activities

and outline major areas of congruency. This approach facilitated the develop-

ment of general areas of scientific inquiry and the forecast of events within

these topics. The topical areas of research represent our activity listing for

this chapter and include:

Inventory of the earth’s resources and ecological systems

Meteorological relationships

Physical forces (tides, currents , etc.)

Physical chemistry compositions and dynamcis

Geological/geophysical phenomena and dynamics

Marine life systems and higher organisms

Marine plant systems

Human organisms in undersea environments

Engineering technologies/systems for underwater operations

Resource development and management

p Internationa l geopolitical issues and resolutions

Other marine management issues

Other sc ientific and research activities

BACKGROUND

Marine scientific research can be traced back to the early Greek postulations

on ocean phenomena , through the earliest uses of navigational aids in the 13th

century, up until the present conquest of the underwater. Historically, the

-: u— i  
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ocean has always caught ~~~~~~~~ interest; scientific inquiry has advanced in
close conjunction with the level of marine activity.

The present research structure of the ocean is represented by a large number

of diverse and often competing charac ters. For example, many agencies of the U.S.

government conduct or sponsor some type of marine research , yet the mechanisms

to disseminate results and preclude overlapping or repititive studies are not

strongly organized . In addition , pr ivate research institutions , indus trial gro ups

and international organizations are all active participants in the marine environ-

ment.

Future marine research will be set against a complex background of technolog-

ical advances and management policy decisions which will tend to shape the level

at which scientific research in the underwater develops. Among these issues will

be:

• The establishment of various groups to coordinate marine
research and development either on a national or interna-
tional level, Mechanisms which promote research results
could catalyze new endeavors into projects that were over-
looked or had not been created,

• The advancement in underwater equipment designed specially
for operational usages may have spinoff impacts on scien-
tific reg’earch, or the converse situation could evolve.
Material and equipment advancements from space engineer-
ing may f ind increasing adaptability in the marine
environment.

• The advent of a variety of underwater activities in areas
of common usage will foster sea zone plans and management
policies to yield ideally the highest level of economic
utility.

• The activity push, for example, the desire to mine nodules,
may accelerate the required knowledge to implement or
operate an underwater event.

FUNCTIONAL SYSTEM

The functional system comprises three major components: the dei.ands that

society has for scientific research of the underwater , the generalized areas

of investigation that exist about the unknown phenomena of the ocean, and the

research systems or instruments of inquiry which bridge these two other areas.

As is seen in Figure 11—2, each of these general components consists of a

series of subcomponents.
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FIGUR E 11—2: FUNCTIONA L SYSTEM: S C I E N T I F I C  RE SEARCH

DEMANDS FOR SCIENTIFIC
RESEARCH RESEARCH SYSTEMS PHENOMENA OF THE OCEAN

Operational Needs Institutions Properties of the Ocean

Instruments Marine Life

Nature of Scientific Human Resources Engineering Concepts
Inquiry 

Management/Zone Issues

DEMANDS FOR SCIENTIFIC RESEARCH

1. Operational Needs — To conduct or implement underwater activities basic

research requirements must be fulfilled in diverse areas of scientific

disciplines. For example, the establishment of any underwater facility

must investigate aspects of human physiology as well as design the hard-

ware to construct the facility. Thus, this particular demand places a

burden of inquiry upon a variety of investigators of research systems.

2. Nature of Scientific InQuirj — The intellectual pursuit of the unknown

as manifested in the underwater presents a new domain that remains

largely unconquered . Thus, the challenge of scientific research stems,

in part , from the desire to increase man’s general body of knowledge.

RESEARCH SYSTEMS

Resear ch systems represen t the mear,s by which scientific investigation can

occur.

1. Institutions — Refers to the formal organizations that initiate and

supervise a research project , including all private academic groups,

industry , government , etc.

2. Instruments — Include the methods and tools that enable researchers

to measure or observe ocean phenomena. This category encompasses the

fu l l  array of sensing and recording devices employed in the under-

water . It also would include any direct human observation of the

underwater environment that enhances the basic research process.
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3. Human Resources — Represent the actual  inves t iga tors , t~w pIi y siti1 ~~ —

ical and psychological studies conducted on h umans , and the Individ-

uals who participate or live in the underwater environment.

PHENOMENA OF THE OCEAN

The phenomena of the ocean represents the generalized areas in which scienti-

fic research is directed , and incorporates the major issues that should be

addressed for the implementaiton/development of underwater activities.

1. Prçperties of the Ocean — Includes all the physical, biological, and

chemical components which interact to create the underwater environment.

This section also includes the properties of the ocean bottom and those

below the bottom.

2. Marine Life — Are all the species which reside in the underwater

environment, including plants and microorganisms.

3. Engineering Concepts — Includes all the operational components and

associated hardware which are required for underwater activities.

4. Management/Policy Issues — Are the array of conccpts that can be

deployed to operate in the underwater: zones, restricted areas,

international agreements, territorial waLers, etc.

: -
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CHAPTER 12: UNDERWATER/MARINE HABITATION

DEFINI TION

For the purposes of this study, un derwater/marine habitats are defined

and classified as follows:

Temporary Commercial Work Stations/Living Quarters Sea

Temporary Scientific Research Stations/Living Quarters— 
•~~~~~~ 

Surface

Recreational Habitats
Subsea
SurfacePermanent Living Quarters/Residential Complexes__________

Commercial work stations include underwater habitats or sea surface plat-

forms/structures employed to provide selected technical/engineering/related

support personnel with living space, generally on a temporary or rotational

basis, to perform certain functions vital to the maintenance, sustainability,

and overall operation of man—made marine environment facilities, e.g., welding

underwater pipelines , plugging leaks in offshore wells, and drilling for oil

and gas in remotely situated fixed pile production platforms.

Scientific research stations/living quarters include habitats such as the

U.S. HYDR~LAB and the German underwater laboratory HELGOL4ND. Facilities such

as these provide diver—scientists with a useful base of operations, usually

temporary in duration , to observe, monitor, assess certain marine/oceanographic

phenomena , e.g. fish stock , endangered species , ocean chemistry , pollutant

levels, and marine biology.

Recreational habitats include various facilities in the underwater environ-

ment which provide some ‘ihelter for persons or stay during their recreation/

leisure time. Underwater hotels, restaurants, and observation centers provide

examples.

Permanent living residential facilities both on the sea surface and below

it are concepts which to date have not been applied. Permanent habitats include

envisioned sea cities in the underwater/marine environment designed as long—term

dwellings for either small or large residential population.. It must be assumed

also that some industrial/commercial support complexes and activities would be

vital to continuous day—to—day operation of such centers. 
• 
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BACKGROUND

As the “underwater world” emerged into prominence, and the related techno-

logical capabilities for exploring, using, and enjoying it developed , concepts

of human underwater habitats developed concurrently. As noted earlier, these

habitats are generally employed to accomplish some form of work. Yet present

concepts also foresee habitats employed for recreational purposes, or even for

long—term, permanent living. One interesting concept, for example, is that of

an underwater prison. Maximum security could be obtained easily due to the

problems of depressurization. Such a facility would be virtually “escape proof”

with minimal investment in security guards or equipment.

Some visionaries foresee emerging underwater and/or floating communities

with up to several thousand inhabitants, complete with the associated infra-

structure utility and support systems.

In any event, a novel and new epoch in marine history is opening. This era,

in spite of disagreement over its date of fruition, will entail living below

the surface or on the surface of the water for various purposes and times in

facilities other than military submarines.

FUNCTIONAL SYSTEM

The functional system essentially connects the network of demands which

give rise to underwater habitation and the specific types of habitat which could

fulfill this demand. These two ends of the system are connected through a network

of systems for siting, constructing, and supporting the habitat (see Figure 12—1).

FIGURE 12-1: FUNCTIONAL SYSTEM: HUMAN HABITATS

Demand SYstems
j 

Habitat Types

Operation Construction, Siting

Support Site Development

The demand systems usually emerge from one or more of the following naede/

desire.:
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• The urgency for underwater work stations to accomplish
various commercial endeavors

• The need for underwater stations related to military
operations

• The need for underwater stations to undertake scien-
ti f i c  work

• The desire for underwater recreational habitats

• The demand for underwater long-term living facilities

Siting systems require determinations of certain characteristics or

standards necessary in order to assure habitat facilities are functional within

a given area and for the intended purposes. Siting systems also include deter-

mination of possible sites for location of the habitat. In some instances ,

location is determined largely by where the economic activity may occur. In

other Instances , siting may be highly discretionary, as for example in the case

of underwater recreational centers such as restaurants or observation points.

The basic structural components for underwater habitats usually are con-

structed on land. In most cases, the entire habitat may be construc ted on land

and simply sunk into place. Some form of mooring generally is required unless

the habitat is designed to remain suspended or retain full mobility.

Operations and support systems entail procedures, devices, and ins trumen ts

to assure the habitat serves its purpose effectively while providing l i f e  suppor t

to the persons inside. These systems may range from complex instrumentation

and repai r capabili ties , to oxygen control and waste recycling or disposition ,
to pressure control. Appropriate means of ingress and egress also are important

features of each system.

GEOPHYSICAL PERSPECTIVE S

Underwater habitation conceivably can take place anywhere in the marine

environment. Nonetheless , there presently are depth limitations for living

underwater. Most bcientific research and commercial work habitats operate

* 
at depths of 25 feet to 100 fee t, although there are habitats capable of oper-

ating at 550 fee t.

Sea surface habitation , based on present technology and engineeri~ig concepts,

has been estimated to be most feasible in shoal waters between 25—50 feet. Sea

areas designated as shallow are believed to cover about 10% of the total ocean

environment. Feasibility studies have concluded that areas most suitable for the 
•
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siting of a sea city include: Martha’s Vineyard off North America, the Gulf

of Mexico, stretches of the Yellow Sea and the Eas’- China Sea, the Baltic Sea,

the North Sea, the Irish Sea, and other relatively shallow F-odies of water.

TAILORED FORECAST

BASIC CONCEPTS

The basic concepts associated with underwater human habitat activity are

outlined below and in Figure 12—1. The tailored vignette and associated forecasts

conclude the chapter.

Demand Systems

An array of national needs and demand systems actuate the development and

application of human habitats in the underwater environment, inclu~~~~:

• Need for military operations, bases, installations to
be placed in key defensive positions

• The need by commercial industry to provide at least
temporary living quarters for key personnel working
for great lengths of time in this envi ronment

• The demand for habitats by scientists to further explore
the underwater environment , f requently requiring lengthy
stays to collect and analyze data

• Evolving demand for recreational habitats to view or
participate in the aesthetic pleasures of the underwater
environment

• Increasing demand for alternative living space as avail-
able land sitings fail to meet the need of rapidly growing
populations

Functional Systems

Based on the above demands, habitats are constructed and employed to serve

one or more functions, including:

• Military base or installation

• Commercial work stations

• Scientific research labs

• Recreational habitats, e.g. hotels, restaurants, etc.

• Residential complexes, both underwater and those which float

on the sea surface

— 
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Siting Systems

At present , most underwater habitats can best operate in relatively shallow

waters. Floating sea cities also require shallow water based on current engineering

and construction capabilities. Temporary siting of underwater habitats for

commercial or scientific purposes ~ g contingent on the locational need for such

activitiy. For instance, if an underwater pipeline needs extensive welding , the

habitat will be missioned in that area; if a aelected fish stock requires observa-

tion and monitoring due to a threat imposed upon this species, a scientific res-

earch habitat will be disnatched to go to the depths where these fish dweil .

In sum, siting systems are usually determined by where the need exists in

the underwater environment. There are possible exceptions to this rule, e.g.,

an alternative sea surface or underwater siting for a residential complex could

take place wherever desired given suitable geophysical and environmental phenom-

ena.

Construction Systems

Underwater habitats, whether used for temporary couimercial,or scientific purposes,

or for permanent living below or on the surface of the sea, usually are built

in land—based facilities. Thereafter, the habitat is transported to a chosen

marine site to serve a predetermined purpose/function. The land—based construc-

tion system is a crucial determinant to the availability of underwater or sea

surface habitation structures and complexes. The degree to which certain materialH

are available, the relative availability of a work force capable of designing and

constructing tnese structures, the capacity of production processes, and the extent

of national priorization for building these structures rather than gearing economic

activit y towards other objectives , will all be actively driving or inhibiting
construction of habitats or the prefabricated material necessary for erecting a

floating sea city.

Operations/Support

Underwater and sea surface habitat structures require a host of support

systems essential for sustaining the life residing within the structure/instal—

lation. We can briefly categorize the types of habitats and the related support

systems which these entail as follows:

- ~~~~~
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Temporary underwater habitats
- Short-term l i fe  support systems
- Ingress/egress systems
- Selected functional instruments and instrumentation

- Communication networks

- Sea surface support craft

- Support divers

Temporary sea surface habitats

- Suitable living quarters

— Selected f unctional instruments and instrumen tation

- Communications networks

— Other accomodations essential for well—being on a short-term basis

Permanent undersea habitats
- Long-term life support systems

— Ingress/egress systems

- Selected functional instrumentation

— Communication networks

- Self—sufficient complementary resources

• Sub—sea desalination plant

• Self—supporting energy system

• Underwater waste disposal system

- Some economic activity to make such an undersea residential
complex viable over long run

Permanent sea surface habitats

- Floating or fixed pile platforms

- Pontoons

- Breakwater walls

— Host of support craft
- Communication networks

- Self—suff ic ient  complementary resources (wate r , energy , waste
disposal system, etc.)

— Some economic activity to make sea surface complex viable over
long- run

Key Driving Force., Key Barriers, and Obviating Factors

Figure 12—1 outlines the driving forces, barr iers , and obviating factors

associated with our forecast of underwater or sea surface habitation. The

tailored vignette discusses in greater detail some of the more salient points

from this figure.
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FIGURE 12—1 :  TAILORED FORECAS T FRAMEWO RK : HUMAN HABITATS

BAS IC TECHNOLOGICA L KEY DRIVING FORCES KEY BARRIER S OBVIAT iNG FAC TORS
CONCEPTS -_____________________ —

Demand Syatema Emerging needs assoc— Remaining technolog— Reversal of trend and
iated with the mill— ical barriers collapse in emerging

Military Operations
Commercial activitie~ 

tary and economic Lack of institutional of f shore  economy
activitiesScientific development Ultimate economic or

Recreational Growing prominance of technological non—Psychological barriers
Living space marine environment in feasibility

terms of scientific Comparative economic
Habitat Types

investigation costs
Military basea/

installations Emerging prominance of
underwater environmentCommercial work— in terms of recrea—stations tional and leisureScientific research time potentialslabs

Recreational habi ta ts  Increasing interests
e.g. hotels in conservation!

Residential complexes aesthetics and desire
to “observe” on partSiting Systems of public

Site de termination Evolving institution—Habitat Specifics— alization in “proix —tions tion” of underwater
Construction environment
Shore—based Emerging technological
Placement capability
Type!features Frontier mentality

Operation/Support

Life support system
Functional instru-

ment a
Ingress/egress

systems
Coii unications
Sea •urface support
craft

Self—sustaining re-
sources and econ-
omic activity

Logistics
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THE TAILORE D VIGNETTE

The overall climate for the construction and widespread app lication of

temporary underwater habitats will be favorable. Operations and communities
from many different national sectors will be at the forefront of the rapid
development and advanced improvement in these habitats. We can expect signi-

ficant promotion of this concept by the:

• Military - The need to better camouflage and seclude key
military installations will intensify as the century comes
to an end. It is difficult to pinpoint whether underwater
bases will be located within U.S. territorial borders , or at
what depths. It does seem certain at this time , however,
that bases will be built in the land-based environment ,
and later brought out to sea and submerged . We also expect
that these installations will be mobile , perhaps not exten-
sively, but independently motorized to the point where they
can be easily transferred to another location should deter-
mination of their position be made by foreign intelligence .

• Commercial - The scope of offshore mineral extraction will
expand widely during the forecast period. Further, the
employment of comprehensive sub—sea pipeline networks is
foreseen. These accelerating commercial activities will
require persistent maintainance; much of this maintenance
will be of underwater nature. Private sector R&D in the
field of underwater habitats will aim its effort primarily
at increasing the depth capability of these structures,
as well as the length of time work habitats can remain
at these depths. Commercial underwater work stations/
habitats will be designed similar to the military habitats
discussed above , with some exceptions, e.g., the mobility
of these commercial stations will not be as great.

• Scientific - The level of underwater scientific analysis and
research during the forecast period will broaden considerably.
Although underwater habitats will be used, specially designed ,
highly sophisticated scientific submersibles will find greater
application. Submersibles will be equipped with accomodations
for relatively long stays in this environment; the greater
mobility of aubmersibles will permit scientists to follow com-
pletely investigation of reefs which might extend for many
miles, or pursue schools of fish under scrutiny.
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• Recreational - Technological breakthroughs, declining
economics as front-end costs are expended in the above
activities, and the likely spillover subsequen t to the
development and application of the concepts discussed
above will find use in the recreational sector. None-
theless, actual employment of the concepts will not he dev—
loned until late in the forecast period.

Increasing population and accelerating industrialization in the U.S. is

likely to continue to place a number of restraints on the land environment.

In order to accomodate the above trends, future housing construction will con—

centrate on high density dwellings; air pollution will be closely monitored , and

laws and regulations will increase in number and composition requiring the instal-

lation of a host of devices to lessen the amount of pollutant particles escaping

into the air. A number of projects will be undertaken on land—water fringes to

extend commercial or residential areas. Many of the nation’s harbors, for

example , will need to expand outward into the water in order to meet the demands

made by rapidly e8calating shipping volumes. tate in the forecast period , we
expect a number of feasibility s tudies to be sponsored and inrp lemented by the
sector to de termine potential alterna tive offshore , under,xzter habitation Bites.
I t i~o conceivable that a small-scale experimental conrnunity will be cons tructed
and operating before the turn of the century . Even given this, however, we do
not f o resee this fac i l i ty  construc ted underwa ter. On the contra ry, it is likely
to be a floating or f ixed  p ile cite . We do not expect to see the cons truction of
a large-scale sea ci ty above or below the sea surface duri ng th~ ;~~ ecaa t period .

The operational features and characteristics of temporary habitats for

military , commercial, scientific , and recreational pt;rpoaes will vary considerably,

and consist of the following:

• Military — Due to the sensitive nature of military operations,
it is difficult to cite here what kinds of devices and capabil-
ities military installations underwater will have. We suspect
these bases would offer a host of surveillance and monitoring
equipment, house a fairly large number of personnel, and per-
haps even employ a network of defensive and offensive weaponry.
Furthermore, it seems likely that these structures will need
to be highly mobile in order to relocate given determinations
of position by foreign intelligence.

• • Commercial - Most temporary commercial underwater habitats
will be located in high-density offshore mineral extraction
activity areas. Specialized subsea work stations will house
3 to 10 workers. For long-term assignments, these workers
will be assigned on a rotational basis. The station itself

12—9
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wil l  be highl y mobile. Surface-based working quarters on
offshore platforms will be used extensively. The range of
accomodations off ered on these structures w il l broaden
significantly in order to induce a larger volume of workers
to take assignments on these relatively remote, isolated
platforms.

• Scientific — Although subsea habitats employed for scientif ic
purposes will have many features similar to their commercial
counterparts, there will be distinctions. This type of hab-
itat generally will be capable of descending to much greater
depths. Accomodations will not be as extensive for the
scientists volunteering to go to below the sea surface to
investigate certain phenomena. The variety of instrumenta-
tion on these structures will be more diverse than that
found on commercial habitats.

• Recreational - Construction of underwater recreational facil-
ities most likely will occur later in the forecast period as
front end costs for this relatively new technology are expended
in other economic sectors. Floating hotels with some rooms
underwater seem possible. Subsea restaurants with ample
observation points might be attached. The depth of these
recreational sites is not likely to be much deeper than 25 to
50 ft. Accomodations at each site would be for less than
one—hundred persons. Overall , the total number of sites such
as these is not likely to exceed a dozen within U.S. territorial
waters.

It doea appear possible that other purposes might be served through the

construction and utilization of unde rvater habitats. One such concepv would
be a maximum security prison. This facility could be a supplemental attach-

ment to an underwater military base/installation. We believe that an experi-

mental facility with this function in mind is likely to be operational in U.S.

territorial waters before the turn of the century. Other nations also might

seek development and employment of underwater prisons.
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FIGU RF. 1 2 — 2 :  TAILORE D VIGNETTE: IJNDERWAT ER/ MART NK HABITATION
—~~~~~~~~ 

—________ ______— 

PR’ 5~~ ILITY/TIMINc,

— 

pØ*f~~.j~~j DEVELOPMENTS 1981—85 1986—9k 1992-2000

FOR THE COIISTRUCTIOG AND APPLICATION OF UIIDERtIATER
I l l  ITARY HABITATS/I NSTALLATIONS EUERGES C C H

FOR TEMPORARY , u NDERWATER COH!IERCIAL WO RK STATIONS
INCREASES n H

• EMPHAS I S PLACEL) ON WORKI tIC UNDG IWAT ER AT GREATER DEPTH H H C

• FOR MUCH LONGER PERIODS OF T14E II H C

CONTINUING DEMA ND TO WID ERTAK R SCIENTIFIC ANALYSIS AND RESEAR C
IN UNDERWATER F.NVIRONI IRNT H II C

DEMA ND FOR T EMPORARY RECREATIONA L IIAIIITATS WILL EMERGE L F H

INC REASING LIMITATIONS FOR AVAILABLE LAUD LIVING SPACE C C H

• FURTHER CONSTRUCTION OF LUGH DENSITY LiVING
ACCOMOIMTIONS II H H

• HIflIBER OF PROJECTS UNDERTAKFM ON LAND—WATER FR INGES TO
EXPAND COPIMERCIAI. AND/OR ACTUAL LIVING SPACE C U U

• IHPLE24ENTATION OF FEASIBILITY STUDIES TO DETEiII4INE
ALTERNATIVE hAB ITATION SITES UNDER AND ON SURFACE
OF SE.~ L H H

PERMA ;~ENT UNDERWATE R A N!) SEA SURFACE UAB(TATW N SI TES WiLL NOT
FIND APPLICATION H II C

• ALTHOUGH CONSTRUCT ION OF SMALLER SCALE EXPERIMENTATION
COtIHUUITY IS CONCEIVABLE N L G

• ~~!Pt ’tED BY AD’IE’TtITTtIS’r, F~’tOi’!irTt ~IET1TALI !Y ~)r RIIALL
NUMBER OF PRECIPITATOR.S/PARTICIPANTS M L

• GIVEN CONSTRUCTION OF SUCH A SITE, UNLIKELY THAT
CIT Y WILL. INCLUD E SELF—SUSTAINING RESOURCES AND
ECONOMIC STRUCTURE H H H

TEMPORARY HABITATS FOR COMMERCIAL , SCIENTIFIC , AND RECREA-
TIONAL PURPOSES WILL CONSIST OF:

• SPECIALIZED SUBSEA CO1QIERCIAL WORK STATIONS H H H

• HOUSE MINIMAL NUMBER OF WOR KERS C C H

• ASSIGN PARTICIPANTS ON ROTATIONAL BASIS II H C

• BE EMPLOYED IN AREAS CHARACTERIZED BY HIGH
DENSITY OFFSHORE MINERAL EXTRACTION H G C

• OFFER GREAT DEGREL OF MOBILITY TO TRAVERS E WITHIN
SELECTED EXTRACTION SITE , OR RE TRANSFERABLE TO
NEW WORK ASSIGNMENTS IN OTHER AREAS I. C H

• SURFACE—BASED WORK ING QUARTERS OIl OFFSHORE PLATFORMS
WILL W ITNESS 1IUCII GREATER APPLICATION II H C

• SUBSEA SCIENTIFIC HAB ITATS WILL FOLLOW COURSE SIMILAR
ro COICIERC IAL COUNTERPART H H G

• WILL BE CAPABLE OF DESCEND INC TO MUCh GREATER
DEPTHS H H H 

-

H — minimal C — good (Continued)
L low H — h i g h
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FIGURE 12—2: TAILORED VIGNETTE: UNDERWATER/MARINE HABITATION (Con tinued)

POTENTIAL DEVELOPMENTS PRI

• WILL NEED TO RAVC MUCH GREATER VARIETY OF INSTRU—
MEIITATION FOR SCIENTIFIC ANALYSIS AND RESEARCH H H H

• RECREATIONAL UNDERWATE R STRUCTURES WILL BE CONSTRUCTED
AND INCLUDE: L G U

• FLOATING HOTELS WITH SOME ROOMS UNDERWATER G G H

• SUBSEA RESTAURANTS 111TH PORTHOLES OR OTHER TYPES
OF VIEWING POINTS L G C

CONCEPT OF UTILIZING UNDERWATER ENVIRONMENT AS NATURAL, ESCAPE
PROOF MAXIMUM SECURITY PRISON MAY FIND APPLICATION L G

• HAY BE SUPPLEMENTAL FEATURE OF UNDERWA TE R MILITARY
BASE H G H

• EXPERIMENTAL FACILITY CONSTRUCTED AND OPERATIONAL IN
U.S. TERRITORIAL WATERS M L G

UNDERWATER AND/OR SEA SURFACE RESIDENTIAL COMPL EXES AS
PRESENTLY ENVISIONED BY ANALYSTS WILL NOT FIND APPLICATION hi H II

• LIKELIHOOD OF SMALL—SCALE EXPERIMENTAL COMMUNITY ON
TILE SEA SURFACE M L C

• UNLIKELY THAT PERMANENT, LARGE—SCALE HABITATION FACIL-
ITY , EVEN EXPERIMENTAL , WILL BE CONSTRUC TED OR
DEMONSTRATED H H H

• POSSIBLE THAT FLOATING COMI-LUNITIES WILL BE m-IPLOYED,
BUT THESE WILL BE 1-IERELY OLD SHIPS RETROFITTED FOR
SUCH PURPOSES I-I L C
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CHAPrEP I ~ LEGAL. ANil EEG(QA’roRY ~CI  IV ITIES ~MD SLIPPOb - ’ - 
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DEE L41’I 101

Mo~tt econor .itc activities ar’ under the purview ot state and/or federal

authorities. Thi’3 cat’~gory repreiients the comr 1~ te systetn of oversight that exists

or may exist for the Implementaiton of underwater activities . ‘Overs ight ’ incor-

porates the establishment of guidelines , comp liance and enfor cemen t w ith these
procedures and judicial processes to correct noncompliance with established

regulations.

Excluded from this category are the protection functions , and search and
rescue capabilities previously discussed fri Chapter 3. However , the myria d of
underwater activities that require some form of oversigi~t will have convergent

responsibilities that are discussed within thin section . The specific areas

to be addressed in c lude:

Regulations——the specific requirements which stipulate how an opera-

tional facility must exist and establishes the minimum prerequisities necessary

for sustained deployment.

Standards——are designated for both equipment specifications and human

performance requirements.

Inspec tion——the onsite observation by humans or the monitoring by any
other method to check operational safety and adherence to stated guidelines.

Enforcemen t——incorporates all methods necessary to protect partici-

pants in the marine environment and to guarantee that stipluated rules are

obeyed .

BACKGROUND

Marine regulatory structures and support systems can be traced back through—

ou t our na tion ’s history. The economic emergence of the marine resources ha~
been coupled closely with rules, regulations and enforcemen t procedures to guide

the appropriate functions of all marine activities. Presently a myriad of

standards and regulations exist which emtnate from diverse agencies and create

a quagmire of uncertainty in the critical area of oversight. For example , the

agency which sets environmental standards may not be involved in the determination

of violators. Also, in some instances, differing agenc ies have shared respon—

aibility for oversight of a single operational activity, i.e., offshore drilling.
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Tue dynamic and changing aspects of the marine economy will concomitantly

affect the support and regulatory struc tures which guide the specific activities .

The overall marine environment will be characterized by these dynamic influences:

• The rapid increase in exploitation of marine resources
for energy, mineral , and agricultural needs.

• The expanded role of the underwater military systems
and capabilities.

• The protection of marine operations from unanticipated
events including the application of antisocial tech-
nologies.

• The management of the ocean to enhance its physical or
biological properties and to resolve conflicts over its
competitive usage.

FUNCTIONAL SYSTEM

The functional system as depicted in Figure 13—1 consists of three major

components: the underwater activities which are subject to some form of regu-

lation or support , the system which initates these requirements and insures

their compliance, and the actual achievement of the objectives of regulation

and support. The specific elements of the functional system are discussed

below.

FIGURE 1.3—1: FUNCTIONAL SYSTEM

LEGAL & REGULATORY ACTiON REGULATORY & SUPPORT SYSTEMS ACHIEVEMENT OF OBLIGATIONS

Underwater Activities Legislation/Guidelines Safety in Underwater

Indirec t Regulatory Ac t ion Specific Regulations/Promulga— Protection in Underwater
ttons

Compliance Requirements

Compliance Safeguards
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Legal and Regulatory Actions

1. Underwater activities — The operation of underwater activities requires

that each facility or operator conforms to established procedures and regulations.

2. Indirec t regulatory action — Specific legal requirements that impact

upon operations in the marine environment, may originate in documentation that

was designed for other purposes. For example, a federal stipulation about the

minimum work area for a scientific laboratory may be applied for underwater

research subrnersiblea.

Regulatory and Support Systems

1. Legislation/Guidelines — The broad federal or state statutes that are

enacted to guide or shape industrial behavior , environmental quality or opera-

tional safety consist of the type of initiatives representative of this category .

The documentation may or may not be designed specifically for underwater activities;

the significan t aspec t, however , is that the ultimate regulatory process applied

originates at this point.

2. Specif ic Regulations/Promulgations — The broad guidelines established

previously take more specific and concrete form by agency or regulatory authority

reformulation. Thus, operational requirements are developed for and specific stan-

dards set for equipment , space, emissions, personal capabilities, etc.

3. Compliance Requirements — The fulfillment of the specific requirements

often demands changes in personnel or equipment. Any appropriate action that

is undertaken so that an operation meets the enacted guidelines is included in

this category.

4. Compliance Safeguards — The intervention by authorities, most likely of

a regulatory perspective , to insure operational safety and overall compliance

form the crux of this area. The major methods to insure compliance or to preempt

noncompliance are inspection and enforcement.



BASIC CONCEPTS

The basic concepts upon which this forecast were derived are outlinec’

in Figure 13—1. Basic concepts deliniate the various means by which regulatory

or legal requirements can be achieved successfully.

Preventive Methods

The mest desirable method to insure safety in the underwater and opera-

tional compliance with established regulations is by a series of preventive

procedures. Concepts that relate to prevention include:

Preventive Methods——Individual or Isolated Operattons

• Equipment standards—-the specific requirements designed
to insure operational safety, protect the marine environment
or prevent abuse to resource exploitation. The equipment
standards fulfill the objectives implicitly stated in
regulatory guidelines or laws.

• Personnel standards——those sanctions made upon individuals
to insure that underwater operators fulfill certain skill
and knowledge requirements and in some cases behavioral
standards.

• Operational standards--those parameters in which an under-
water facility must conform. Standards to be set as to
locale, size , emissions etc.

Preventive Methods-—Interactive Activities

• Navigational systems and aids including electronics, visual ,
radio or sonic , radar cont rolled , buoys , satellite tracking
stations, and various other forms of detection systems.

• Movement controls including shipping lanes , designations ,
off—limit areas, restricted usage within selected areas
or under controlled conditions.

• Zonal controls, the designation of specific areas for
activities or rinnactivities, and the prohibition of certain
activities from certain locales.

Concepts for Inspection and Enforcement

The preceding sections have either implicitly or explicitly enunciated

the technological concepts which potentially could be applied to inspection and

enforcement systems. The technical requirements for inspection and enforcement

can be drawn from those stated particularly in the military , and surveillance

and ri~onitoring aection~. Similarly, the various modes in which these systems

can be deployed are directly analogous to those used in protection of property - , -

and life. Specifically, these include all preventive , proactive, and reactive/

restora tion measures .
13—4
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TA I LORED VIGNETTE

The demand for more effective inspection and enforcement systems will accel-
erate rapidly , and in direct relationship to the intensity of underwater activities.
The emergence of d iverse underwater activities has been forecasted throughout
Volume II of this report. To Insure operational safety each activity will require

measures that range from preventive to reactive. In addition , the burden placed
upon enforcement systems will be significantly magnified from present systems.
(The reader is advised at this point to review the Ta ilored Vignette, in Chapter 3,
on Protection of Property and Life for some of the salient or related issues.)

Some of those forecasts which converge with those of this section are restated

below.

The range and potential threat from accidents will grow in all categories

as a direct result of increased activities. Major drives will be made to in-

still new regulatory controls to assure tha t accident prevention programs are
designed and executed effectively . These programs will include improved emp ic y-

ment of sea zoning, navigational aids, and operational standards for equipment
and personnel. This forecast emerges from the fact that potential for accidents

rises as the number of actors and types of activities increase and as their

density and interrelationship become more complex.

As the array of new legislation is designed and implemented for the e~’polita-

tion of marine resources, and overall usages in the ,rarine environment, specific

inspection requirements will accelerate. The physical inspection of an operational

facility, including vessels, will be warranted to insure compliance with legal guide—

lines. In some circumstances, inspection requirements which heretofore have been

exclusively above the water , such as oil rigs, will have an underwa ter inspection

counterpart. Therefore, this forecast obviously is pred icated on expanded usage

of submersibles and d ivers, a suggestion that previously has been articulated in

other chapters.

The involvement between standard setters (regulatory agencies) , comp liance
modula tors, and enforcement agencies will grow increasing ly complex and, in some
circumstances, act to inhibit the emergence of activities. As stated throughout

the forecasts, certain lag periods will develop in the marine environment between

the need for certain terhnologies , law, or operational skills, and their actual

implementation. The most apparent type of situation is the ‘protection/threat

gap. ’ In the whole regulatory milieux , Inevitable lags will emerge between the

- -



advent of new activities and the guideiines needed to insure operational safety.
This situation will be compounded by the b u r e a u c r a ti c  c o m p e t i t i on  and indecisive-
ness over who regulates what in the marine environment.

The ‘r inj ’ii ’~.t be tween private industry and government agenciec over the regula-
tion of the marine environment ultimately will be resolved by the creation of ‘i
ø-~ngle lead agency to coordinate marine affaira. This agency will act to monitor
the mar ine environment by Integrating navigation systems for surface and sub-
surface vessels with other surveillance systems. In addition , this lead agency
will develop an entire new network of equipment specifications related to standard s
for regulation and enforcement of safety for all underwater operations.
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C}!APTEh I ~ ST R’.mi f AN c f :v~)N T T i R i N C .

DEF INTT I  OI~

Surveillar,cc is the process ~.f receiving sign: c.r ~1~ naJ~ from -~ geographical

area which provides indication that some form of activity or ~.hy&icai presence

exists in that locale; moni toring  compor .ent of surveil lance involves  ma i - i t a in —

1mg a “ t rack” on elements or object~ in a specif ied area a f t e r  the presence has
been Indicated . From the perspectivc of this study, surveillance requirements

cross most major chapter headings .

The two basic components of the surveillance process are the initial data/

information collection stage in which a series of questions about the charac—

ter~ stIcs of movement are addressed , and an Interpretive stage wnlch analyzes

the input data and derives a judgment as to the type ama level of activity. For

the specific purposes of this study , the term surveillance inclndes surveillance
of the subsurface marine environment, surveillance of the surface and above—sur-

face marine environment for signs relating to the subsurface marine environment,

and surveillance from the subsurface marine environment.

BAcXGROUNJ)

Prior to World War I, the primary purpose of surveillance entailed the visual

look—out both for ships and other objects, and for signs of weather change. The advent

of the aircraft improved the capacity to achieve this objective successfully. The

introduction of the submarine for military purposes made new demands of surveil-

lance in the marine environment ; an acoustic capab i l i ty for  the unde rwater moni-
toring was needed for security purposes.

During World War II , advances in cryp tographic technology and radar were
developed . Surveillance concepts became increasingly concerned with electro—
magnetic radiation both as a method and , in some circumstances , as an object of
surveillance.

Presently, surveillance provides inputs to the intelligence function of

the nation , ~nd constitutes an important element of the ICBM detense. Tech—

nological advances in satellite photography, data and signal processing , and the

Interpretive capability of magnetic signatures have all enhanced the overall

surveillance capability.

- ‘
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The future su rye ii  !anc~ re qii  t r , : ine i t t . s  wLl I h’ st  - ,h I L shed in d ynamic
and chang ing envir onment  • The events tlia t wi 1 do te :  nJ oc I he shape and

orientation of these surveillance sy3tems include the Lollowing aveas:

• Antisocial technologies ; the aforement ioned problems of
a threat/protection gap (see Chapter 3)

• Military preparedness: the increasing shift to an underwater
operational capacity

• Resource exploitation: the extraction of minerals and devel-
opment of offshore energy systems

• Policy issues: international treaties, territorial rights,
sea zones, etc.

The func tional system consists of the basic components outlined in Figure

5—1 .

FIGURE 5-1: THE FUNCTI ONAL SYSTEM

Surveillance Systems/Demand Means of Surveillance Object of Surveillance

Threat Identification Transmission System Vessels/Platforms/Buoys

Intelligence Visua l Ocean Injections

Navigation Electromagnetic Debris

Law Enforcement Acoustic Pollutants

Sea rch/Rescue/Salvage Ocean Marine Species

Surveillance Systems emands reflec t the motivation f.ictor by which sur-

veillance is initiated and conducted. The type of system ultimately utilized is

a function of the requirements of Imp lementation.

Means of  Surveillanct consist of the array of separate technological alterna—

tives that allow different types of surveillance to be operated.

- : Objects of Surveillance include all o b j~~ct ~~, elemen ts, or regions that are

specificall y chosen as key barome te rs ~‘:r Indicators tha t provide the means for

Interpretive analysis or , in some manner , fulfill the goals of the surveillance

system .
Lt.i i . c .
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GE OPHYS ICAL PERSPEC T ’ VE

The entire subsurface regIon (if the  marine environment  is the object of surveil—

lance. The region is banded by the sea surface , the sea/ocean bottom , and the shore.

In the region adjacent to each continental boundary is the continental shelf.

Between the shelf and the deep ocean areas are the continental slopes and the con-

tinental rises which connect the shelf with the remainder of the region. The

water depth over the shelves is generally uniform at several hundred feet as is

the water depth over the deep ocean bottoms , about 12,000 feet. The region in

and over the shelves contains virtually all of the region ’s known living and non—

living resources; the nonliving resources that exist beneath the deep sea bed

may be extensive but have not yet been thoroughly explored . The one resource

known to be present in the deep ocean areas is an abundance of manganese nodules

lying on the sea floor. Exploration to date leads to the belief that the energy

and mineral resources benea th the surface of the shelf are vast.

From the point of view of surveillance, the region has one dominant charac-

teristic——It is highly impenetrable to all known forms of surveillance mechanism.

No known form of electromagnetic radiation penetrates successfully; even high

energy cosmic radiation attenuates extremely rapidly upon entering sea water.

Magnetic fields penetrate sea water , but only for short distances, and to date

no way has been found to modulate a magnetic field for information transmission

purposes. Sea water does transmit mechanical vibrations for long distances,

especially low frequency vibrations. And this mechanism is the only one to date

that has found utility as a surveillance mechanism——in the form of acoustic trans-

missions. But even acoustic transmissions have a severe limitation; sound rays

and beams are refracted by gradients in sea water temperature , density and salinity,

different acoustic frequencies are refracted differently. This means that the

direction of a sound source or sound reflecting surface Is not ascertainable simply

by measuring the direction from which the sound base comes, It also means that

shadow zones and blind areas exist in the underwater region in which sound from

some locations cannot be detected at all; it means that sound channels exist in

the region through which sound from auspiciously located sources may travel extremely

long distances, e.g., several thousand miles.

The behavior of sound is fairly well understood in terms of its refraction

in temperature , density and salinity gradients. Therefore, it is theoretically

possible to calculate changes in the direction of a sound beam if sea water

temperature and salinity is completely known as a function of position in the

- 
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region. Today ’s state—of—the—art in gathering this kind of information about

vast regions of the oceans, and in making real time calculations of sufficient

comprehensiveness to be useful , is still in its infancy.

Use of acoustic mechanisms in surveillance or command and control functions

is further complicated by the existence of a variety of ambient sound sources in

the underwater region; fish and mammal Bounds, wind and wave motion on the surface,
and ice on the surface, are some of the principal sources. The irregularities in

the underwater region boundaries, i.e., the surface, the shore and shelf regions, and

the sea bottom , also contribute to scattering and reverberation of the sound , and
therefore to complexity in calculating sound paths. As the activity in the under-

water region increases, so will the ambient sound noise level increase, thus f ur ther
complicating the calculation .

Na ture ’s coupling mechanism for transmitting acoustic vibtations from the sea

to the air above it, or vice versa , Is extremely poor. Thus, at least in ~oday~$

state—of—the—art , there exists no effective direct way to “listen” for subsurface

acoustic signals from positions above the surface.

Indica tion of gravity and magnetic anomalies have been found in the subsurface
region of the marine environment. These anomalies do not adversely affect today ’s

surveillance and monitoring techniques; however, they may be relevant to some

to—be—discovered mechanism of surveillance.

BASIC CONCEPTS

Demand Systems

The condition upon which an underwater surveillance system is developed reflects

a direct functional relationship to the level and degree of underwater activities.

The major component of this demand system includes the following topics.

Threat Identification. The responsibility of national security embodies prevent-

ive measures to threats from conventional military organizations and from the develop-

ment of antisocial technologies. In both of these situations , the underwater environ—

ment acts as a shield which often encumbers present technological systems from delin-

eating the specific nature or activity that occurs in the subsurface .

Intelligence. The intelligence function of government incorporates the concept

that it is essential for the national interest to maintain an overall awareness of

nations or g~o~pg~ actions and plans. This perspective has operational reality in

the underwater environment and is manifested specifically by a surveillance system.

.‘~~~~ • •
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Intelligence systems utilize all mecha,Iams or techniques that expand the inter-

ested par ty ’s or sovereign state ’s knowledge about the unknown. Thus, In the

underwater, the intelligence function Is served by electronic observation , sat-

ellIte detection , etc.

Navigation. Navigational requirements within the underwater are predicated

upon increased movement of vessels and expanded development of activities such

as mining. Navigational aids wI thin the subsurface may Include a marking system,
communication linkages and zonal controls.

Law Enforcement. The expanding development of underwater and marine activ-

ities, the threat of antisocial technologies, and the protection of marine

resources increase the associated law enforcement requirements of the marine

environment. Specific responsibilities include protection of fishery zones from

foreign intrusion , rights of passage , and territorial restrictions.

Surveillance Mechanisms

The operational aspects of surveillance follow a common pattern irrespec-

tive of the technology employed or target designated . When viewed in isolation

the components of a surveillance system include the geophysical base , transmissIon

device , transmiss ion mode , reception display devices, and the target. The tech-

nological concepts that will be key determinants to future surveillance systems

are discussed briefly below.

Geophysical Surveillance Base. Miniaturization and microminiaturization are

permi tting placement of high—power transmitters and receivers on smaller pla tforms
and in more inaccessible locations. Surveillance bases can be located anywhere

from satellite to underseas, on large or small pla t forms , on moving or stationary
platforms.

Transmission Devices. The range of active surveillance devices can be extended

by technological advances which allow for increasing the amounts of power with

efficiency , although the incremental gain per unit power radiated is small.

Radiation technology is leading to the capability to propagate energy in

highly useful wave, beam and ray form s — e.g. lasers and other coherent radiation

forms. Advanced modulation technology is enabling cryptologists to cryptographers

to encode transmissions with increasing simplicity and also with increasing

security.

Transmission Media. Research will continue to find an electromagnetic “win— 
~~~

-

~~~~

-
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dow” in sea water in order to make it more transparent , but this research is not
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likely to produce significant progress before the end ~1 f the century.

Atmospheric research will produce progress in making use of the char-

acteristics of the atmosphere to reflect, refract, and transmit electromagnetic

energy with reliability. This will promote developments in over—the—horizon radar

and in meteorology.

Reception/Display Devices

Progress in signal analysis techniques will greatly improve the ability to

interpret received signals correctly and to extract maximum information from them.

Advances in data processing will permit the display of a vast array of infor-

mation about the zones under surveillance and thereby present a panoramic view of

relevant situations to decision makers. Data processing progress will also permit

display of the same information at many remote terminals simultaneously.

Signal analysis technology is progressing toward the ability to interpret

incoming wave forms more accurately and to extract from incoming signals the

maximum information. This includes the ability to discriminate among signals

from different sources and reflecting media.

Signal processing technology is permitting more ease in reading through

natural interference and less sophisticated man—made interference. Deliberate

countermeasure techniques also permit the blocking of signals or the injection

of false information into signals.

Improvements in signal analysis will likely lead the ability to detect

ocean surface characteristics, chemical, physical , or acoustic , for example, which

correlate with the specific underwater activity that it is desired to detect.

Advances in data processing technology will also promote increasing ability to

handle masses of data In extremely short times, thus further promoting the trend ,

already begun, toward instantaneous game analysis of current situations —

analysis in which the observing decision—maker postulates a tactical course of

action, plugs it into his display system , and receives an estimate of his pos-

tulated action ’s effect.

Display devices will be developed which permit individuals in a tactical or

operating circumst&nce to have access to imagery of an entire panorama , for
example, on the back of a pulled—down eyeshade.

Targets

Research to make objects accoustically invisible underwater will continue,

but with only limited effectiveness to the end of the century.
On the other hand , research to make objects accoustically more visible

14—6
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underwater will he somewhat more successful. This will lead to the ability to render

subsurface submersible and diving operations more safe and secure, and to enhance

underwater navigation. The form of this development will be both in coating material

and in beccon—like devices.

Associated research will lead to the ability to detect from a vehicle the acoustic

reflection characteristics of another type vehicle, and the accoustic radiation

signature of another type vehicle.

Analysis will reveal that subsurface structures radiate a characteristic

spectrum because of current flows around them which is detectable and identifiable.

The depth to which underwater vehicles can dive and the speed at which they

can proceed will increase and the size needed to perform a particular task will

decrease with research.

Comparable research with respect to vehicles in the atmosphere and to other

phenomena in the atmosphere will be toward making their visibility to electro-

magnet Ic surveillance measures controllable — by making them either more or less

visible , and by concealing their nature and by emitting or reflecting signals

which indicate them to be what they are not.

Li
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TA I LORED VIGNETTE

The basic national 1jurVeillanr~e rilquirernenta of thc wtder’water should

accelerate rapidly throughout the foreaaet period. The major environmental factors,

including majo r pol i tica l developments, which would be necessary to preclude this

event from occuring, does not appear i,~ininenv. As discussed previously in the

chapters on underwater activities, we forecast specific situations or events that

seem likely to catalyze the need for an underwater surveillance system. The

highlights of future macro/marine factors would include:

• The expanded reliance on the underwater for military systems.

• The development and deployment of antisocial technology
by nonmilitary organizations.

• Expanded resource development in minerals, energy systems
and agricultural products.

• Adoption of positive management concepts for injection of material..

• New and accelerated development of underwater vessels
and offshore ports.

The above statements capture in part the notion that the whole marine environ-

ment will be subjec t to new and diverse activities which require some form of
monitoring to secure safety and prevent violations.

The natural shield tha t the sea provides from present surveillance systems
will not comp letely be overcome by technological advances. Howe ver, some cap-
abili ties will improve and allow for  mere accurate tracking and de tection systems .
The sea water’s resistance to penetration by any known form of surveillance mechanism

will not be changed. The stability of the water ’s resistance is derived from

several aspects. First , the entire spectrum of electromagnetic radiation,

from cosmic radiation at the high end to infrared and heat at the low eno,

is attenuated extremely rapidly in the sea. No wave form has been found which

offers promises in this regard for more than a very short distance. This

condition should remain through the end of the century . Second , acoustic

vibrations are readily transmitted through sea water for great distances.

As a result , sonic listening devices are able to detect acoustic sources some-

times thousands of miles distant. Convergence zones and sound channels are

sometimes formed by various combinations of water temperature gradients which

cause sound refraction , and present devices make use of this phenomenon. flow—

ever, high frequency sound , which is mos t susceptible to being formed into *

directional beams, attenuates far more rapidly than low frequency sound. Sound

* 14—8 
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“beams” of all frequencies are susceptible to refraction by temperature gradients

and to distortion by currents which render the location process h igh ly inaccurate.

These limitations are being attrlted by “I r ite force” methods of technology,

namely, putting more power into the water and placing sonar transmitters at

depths more suitable to th’ gradients. These methods are incrementally ef f ec tive

and progress may be expected , but this progress should he expensive in terms

of incremental gain per ,init resource input , and will not realize any quantum

jump in capability before the en d of the century.

The successful app licatiorL of an widem ater surveillance system may require

‘L full integration be tween military and nonmilitary sponsors, and a technical

integration between sur ’~aoe and air surveillance systems . The impene trab ility
of the ocean to surveillance mechanisms is leading to the use of a second—best
alternative , surveillance above the surface , to indicate activities of interest

below the surface. This above—the—surface capability should increase at a rate

commensura te with the growth of the mar ine economy and should adop t crea tions
from laser and satellite technology. The expansion of activities in the marine

environment will significantly increase the cost of operating a surveillance system.

For reasons of economic efficiency, an integrated system among divergent users

may be implemented. This does not suggest tha t the intelligence func tion or
military capability aspect of surveillance will be deferred or transferred to

civilian control.
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U14D1:RWATLR O”ELA’!’ IO~’I.A L SY ~
*1*I~M

General SysternH and O~erat1o~ie
I) Submersible’~

a. Den ign CharacterL~.tic ~

• Manned and unmanzied

• Tethe red , unt ether eo , towed

• Bottom crawlers

• Remotel y con trolled

• Lock in/lock out systen

• Depth range

• Size variation

2) Habitats

a. Design Characteristics

• Temporary underwater

• Temporary sea surface

• Permanent underwater

• Permanent sea surface

• Lock in/lock out systems

• Ocean bottom

• Size variations

3) Working Pla t forms/Rigs
a. Design Characteristics

• Stilt supported

• Submerged drilling barge

• Jack—u p barges

• Semisubmersibles

• Floating platforms

• Ocean bottom

4) Dredges

a. Design CharacterlHtics

• Semisubmeraible

• Submersible

• Ocean bottom

• Surface

b. Functional Type

• Cutter suction ~~~~-

• Suction hopper

Is-I
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UNDERWATER 0’ ERATTONAL SYSTEM (CONT I NUED)

• Continuous bw:ket line

• Vacuum cleaner

5. Harvesting Systems

a. Nets

• Purse sem en

• Drift nets

• Bottom dwelling

• Long lines

• Trawling

b, Lines
c. Hooks

d. Traps

e~ Electronic stunners

6. Surface Vessels

a. Size variations

b. Conventional hull design

c. Platoon structure

d. Hydrofoil

e. Open stern trawlers

7. Divers

a. Pressurized suits

b. Tank equipped

c. Other

• Dry suits

• Wet suits

• Scuba

8. Instrumentation Systems

a. NaviLational aids

• Transponders

• Transceivers

• Cameras

• Strobe.

• Viewing ports

b. Communication ‘4 surveillance me inisms

• Visual f

Direct

Photography (Continu d) ~
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UNDERWATER OPERATIONAL SYSTEM (CONTINUED)

• Electromagnetic

Radar

Infrared

Lane r
Other

c. Communication and surveillance components

• Hydrophones

• Cameras

• Underwater transmitters

9. Underwater Hardware

a. Man ipulators

b. Cables

• Support

• Electric

c. Pipelines

d. Buoys

e. Mines

I
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