AD=AOG0 888 WILLIAMS (CHARLES W) INC ALE!!MTA VA F/6 15/7
FUTURE UNDERWATER ACTIVITIES AND THEIR IMPLICATIONS FOR THE COA==ETC(U)
AUG 78 C w WILLIAMS: R SHALITA DOT=CG=73571=A
UNCLASSIFIED USCe=D=65~T78=VOL=3




| ER i
=tk
T
— i

IL2s e g

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAL OF STANDARDS 1963 A




— -~ > =

ADAO 60888

DDC FILE copy

Report ngs-m- VeL-3 |

Y

=

/

e —

p—

(¢ J FUTURE UNDERWATER ACTIVITIES AND THEIR /,
IMPLICATIONS FOR THE COAST GUARD
CIRCA 1978-2000 ,

VOLUME [T1 P
P ‘ ’ i__,,

@ ( CHARLES W, MiLLiams, |
-1 “"RoNA D/iHALITA/
PeTer/DE RCANGELIS,

IMMONS

N/P1ERRE-BENOIST
DMUND,'ANDREWS

Springfield, Virginia 22151

- A0

Prepared for

U.S. DEPARTMENT OF TRANSPORTATION
United States Coast Guard

Office of Research and Development
Washington, D.C. 205690




/~

“

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 necessarilv 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

does not constitute endorsement or approval of such products.




Technical Report Documentation Page

1. Report No. V 2. Government Accession No. 3. Recipient’'s Catalog No.
CG-D-65-78

4. Title ond Subtitle S. Report Date

Future Underwater Activities and Their Implications August 1978

for the Coast Guard Circa 1978-2000 - Volume ITIT 6. Parforming Orgonization Code

8. Performing Organization Report No.

7. Author’s) Charles W. Williams, Ronald Shalita, Peter_de L
Arcangelis, Kendall Simmons, Wayne R. Logie, John Pierre-

9. Performing Organization Ngme ond Address 10. Work Unit No. (TRA!S)

Charles H.’H}lliams, Inc. )
@I ,ﬁ._‘_Pi t. S_Et:eét e e L% / O .?(?/‘, & 11. Controct or Gront No. s
Alexandria, Virginia 22314 s e DOT-CG-73571-A

13. Type of Report and Period Covered

g

12. Sponsoring Agency Name ond Address Detailed Forecast
Department of Transportation September 1977-August 1978
U.S. Coast Guard

Office of Research and Development 14. Sponsoring Agency Code
Washington, D.C. 20590 G-DSA-3

15. Supplementory Notes

s, 8

16. tract

The objectives of this study is to develop forecasts of underwater activities
circa 1978-2000 and to assess the implications of these forecasts for the U.S. Coast
Guard. -

-, A macro environmental framework, a marine environmental framework, and an under-
water activities systems model were structured to form a baseline for a forecast of
underwater activities., Data with which to load the models and frameworks was develop
ed through literature reviews, interviews, and written correspondence. The data was
organiz< . for each of the underwater activities under the following headings: Oper-
ational Systems, Environmental Requirements, Locations, U.S. National Interests,
Implications, and Forecasts. Each activity development was then individually analyzeé
for future evolution, driving forces, barriers, and obviating factors. Each_of the
fifteen u?gervater activity categories within the model was translated into ‘TailoreJ
Vignettes" for the Coast Guard. A final integrative inventory of forecasted oper-
ating;#gys;ems was develggggl:)

<> Implications of the underwater activities forecasts were provided and analyzed
for the current Coast Guard program structure.,K Conclusions and recommendations were
presented as reasonable and important steps to be taken in order to prepare for the
anticipated developments and implications.;‘:;___
This is a three volume report. Volume I is the Executive Summary, Volume II is
the Final Report and Analysis of Coast Guard Implications, and Volume III is the
Detailed Forecasts of Underwater Activity.

17. Koy Words 18. Distribution Stotement
Document is available to the U.S. publii
’

CHESIVETET ARESViEY  Turnre through the National! Tnfsrmation Servic

U.S. Coast Guard Marine Environment
Forecasting Springfield, Virginia, 22161
19. Security Classif. (of this report) 20. Security Classif. (of this poge) 21. No. of Poges 22. Prce
Unclassified Unclassified 19 8 227
Form DOT F 1700.7 (8-72) Reproduction of completed ‘po orized
| —— CEEmE ! o ool e




SY0LOVA NOISYIANOD OI¥LIW

Qg OSUY SEN IS S0 Py

ORI 01 E1D ON BOIRIEY O ‘ST 25 A0t id “Samseayy pue Siublag 10 SIWN
Vi) A0 PR SUTSIBAUUT 1NYA BN 04 (ASeNAl 87 3 U

3 2 = S 3
Je a5 N = = m
o o2 Q 0z- ov— =
S L 50T .— Vg SR R [, SSp, JEN, = = =— € o
+t—tr—r—tr—rpr— = =
—q\8~ o9 oz A oe o'—q o ov- —= ml
R 996 2 do B —
de _= e -
o = = B,
siniesedwel (Z€ ppe nesedwey = gl
3, Hoyuoe y ueyl) §'g sMs@) 2, - w ”
JUNIVEIdNIL Sl o= ~ nm
= — €
o= |
n‘» spieh 21qnd £ $1010W 21Qnd T — = ]
1 100§ 21qnd St SI010W QN o — ||.|| I
198 suo||v8 ez'0 sion | = I|||m| = 1
» suend 0L ss0u) i = = - w
o swnd vz s108¢] ] o = - ™~
™ seouno pinyy €00 s W L =E == e
° = =
INNI0A = s
.0 =,
$u0) Loys i (8% 0001) souUOL ’ . —= = o_”
L] spunod e swesboy iy 6y e e s
20 $92uno SE0'0 swesb L] = -
9 = =
(1Biem) sSYN -l —= = -
== = ~
sene - i o wy
L K4 .«E 000°0L) semdey L} - = - -E
P 011w Ssend "o $1010WD| 1Y Ssenbs ~.5. = - o
> SpUeA asend. T si010w ssenbs ™ 3 R —_— wo
™ seyour srenbs 90 S1010un U8 esenbs Ao = e d
e ~¥ =
viuy = =
e W e n
™ soiw g0 ss0u 1y wy _= mll ..o.
pA spred vi sinew w = = s ~ “u
y ey 13 sinew w = n'
u soIu "o S1010WN1UeD wd = —= =
u sagou 00 sieew || w ua S I
8 = ==
ey | — -
HIONTY " E =
= = =— 1oquig
1oqmAg pury o) Aq Aiduny mouy Ao, vegm 1oquig " —= -
~ = —e

SOINSROMY I WOJ) SUOISISAUS) slewixeiddy

lll'l‘llll

SHOLIV4 NOISHIANOD JIHIIN

2e
eimesadwel Bunoengns ®am2sadwel
smis|a) wye) 6/ Vayusuye §

(13ex3) IYNIVYIIWIL

Si0law 21qnd 9L'o spsel 2iqnd n'»
$1919w 21gnd £0°0 199 Mgnd ™
S5 8t suojjeb 108
S 560 suenb »
s wo siund »w
s »20 sdn> 2
s ot S8OUND Ppeny) ™
S0 Si suoodsaiqel dsqy
s s suoodseen sy
JNNMIOA
(ar 000Z)

seuuo) 60 SuOL LIOYS
sweiboyiy S0 spunod U
sweib 8z sacuno ™

(yram) SSYy

semdey o se1e
$I80WO| i1y Ssenbds L 4 Se| 1w esenbs u'
se10w esends 80 spied ssends )
S1010w suends 600 190) esends ~¢
$1010W1IUED sends 9 S ssenbs ™

viuv
$1010W0| 1y i sopw -
sinaw 60 spreh pA
SI010W11U9D of 100 u
SI010W1UeD 2 soyou -
HI9ND
LU Ay hdnny mouy mo) woym toquig’

SOINSEA LIS O) SUOISINAUOD ewixerddy




TIFETRE

PRE¥ACE

This is Volume Three of a three volume 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 1l: 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 summary 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:

e The most difficult problem in comprehending probable future
developments is overcoming the tendency to perceive the
future only as a mirror imege 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 significant changes in
underwater activities. Virtually all of these developments entail substantial
implications for the Coast Guard. The following brief summation will suggest
gome of the highlights which are developed in more detail throughout the fol-

lowing chapters:

e 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.

e 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.

e The marine environment will become much more involved with
economic activities in all significant categories: energy,
mining, marine agriculture, transportation, management of
the injection of foreign elements, and recreation.

e While we do not believe extensive underwater habitation
will occur as a permanent alternative to land based living,
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 research will continue in a growing
number of areas.

® Regulation, standard setting, 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 vignettes!

is discussed in the Preface.

These vignettes were developed from an integrative analysis which blended

together three frameworks:

® The Macro Environmental Framework: A structure which
contains the trends and developments which affect
all institutions within our society and are in essence
a generalized context commcn to all.

e
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® The Marine Environment Framework: A structure which
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:

e 13 basic categories or classes of activities

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

e basic techological/operational systems which
will be employed within the underwater environ-
ment in the conduct of the above 106 types
of activities.
Tailored 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 common 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 operational systems provide an important mechanism through which

to develop the Coast Guard implications discussed in Volume II.

Within each activity category and its related chapter, the tailored fore-

casts are presented in the following format:

e Definition: specific coverage of the activity

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

e 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 within
the territorial waters of the U.S.

e 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 contain the following subsection::

Key Basic Concepts: brief outlines of the key ideas and/or
concepts for possible future develop-
ments. These are discussed in relation
to each component of the operational
system discussed above.

Key Driving Forces: brief definition of the forces which will
have the most impact upon moving the activity
foreward.

Key Barriers: brief description of developments which could
simply eliminate the driving 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 estimatas of
high, good, low and minimal within three time
frames: 1981-85, 1986-92, 1993-2000.

The above information is summarized within each activity forecast in several

figures:
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 judgment was made relative to each of 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.

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 affecting 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 will be
resolved.




3. Analys
of the
to the

is of the ultimate direction and substantive composition
driving forces, and how they are ultimately reconciled
issues raised by the key barriers. This analysis integrates

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 forecasted, all activity forecasts

were interrelated in

a cross impact matrix analysis which may have caused a

modification to the previous individually developed forecast. These modifications

were made and the final tailored vignettes derived.

As noted above,

THE UNDERWATER ACTIVITIES SYSTEM MODEL

two conceptual/environmental frameworks have influenced

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

outline of the struc

ture of these two frameworks, plus the thirteen major cate-

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

FIGURE 1-1: OVERVIEW OF CONCEPTUAL FRAMEWORKS
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STRUCTURE OF THE UNDERWATER ACTIVITIES SYSTEM MODEL

As is shown in Figure 1-2, the Underwater Activities System Model con-
tains thirteen basic activity categories. 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 activities 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 activities.

Definitions of each activity are developed in the relevant chapters.

1-5




S T

It 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 responsibilities, which will be ultii:ately assigned to
the Coast Guard, are heavily affected by the organizational effectiveness, cred-
ibility 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

involved 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 environment, followed by the organizational structures of the federal
government, 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

e 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 implications at both levels represent our
independent view of the essential characteristics of the requirements, which will

need to be met.

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

DEFINITION

This 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 nonmarine 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

Underwater logistical support
Surface weapons systems interface
Air-based weapons systems interface
Land-based weapons systems interface
Surveillance/monitoring

Reszarch 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 aircrafi, missiles, and satellites along with dramatic
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innovations in underwater technology has lead to a rapid development of military

activities 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: forecasts:

e 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.

e 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,

e 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
absolute quantity and proportionately more significant '
within overall military capabilities.

e 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.

e The evolution of the marine economy will make new
demands on marine military activities. Particular
areas of concern include the defense of offshore
resources, rights of passage, and protection of ter-
ritorial waters.




Some of the details related to these developments are discussed In the

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

e National goals and capabilities

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

FIGURE 2-2:

OPERATIONAL SYSTEM FOR MILITARY ACTIVITIES

NATIONAL GOALS
AND CAPABILITIES

MILITARY OPERATIONS

OBJECTIVES

Government Structure
Economic Capability
Technological Capability

General Societal
Support and Capability

o

Define Required Capabilities

Develop

Conduct

Political/national objectives

Capabilities other nations
Potential threats
Potential allles

Overall force halance

Needed Capacity
Knowledge and technology

Equipment and other
physical resources

Competent human resources

Required Operations

Surveillance/detection assessment

Migsion/target identification
Tracking

Successful engagement with
mission/target

Successful self protection
recovery

Deterrent Parity
Show of Power

Logistical Transport
and Support

Defense/Security
of U.S. Territory

Offensive Operations
Against U.S. Enemies
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NATIONAL GOALS AND CAPABILITIES

Governmental Structure

In the definitional 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 are 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
military 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

particular type of force structure which is sought.

Technological Capability

As military operations have become more and more sophisticated, the
national resources associated with general technological capability are also
important., 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 general
societal support which 1s essential to the effective mobilization of the national
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will, power and capacity. This factor is impoirtant in all governmental forms -

but is especially important within world democracies,

OBJECTIVES OF MILITARY ACTIVITIES

The objectives that military activities seeck to achieve are many fold, but

can generally be grouped into the following basic classifications:

e Maintenance of deterrent paritv: the development and
maintenance of a military capability for retaliation
which is sufficiently credible to deter anyone from prac-
ticing military aggression against the U.S. or its allies.

e Show of power: the occasional employment of physical
visiblity of military capabilities to show power as an
instrument of diplomatic negotiations, to preclude aggressive
acts of other nations, or to support U.S and allied i
negotiations related to various national objectives.

e Logistical transport and support: activities related to
marine military operations which are associated with moving

men and materials from one place to another and supporting i
them while there. These operations apply to the logistic
support of air and land forces located overseas. ]

e Defense/Security of U.S. Territory: the capability to
secure all U.S. territories or, as appropriate, the terri-
tories of U.S. allies from aggression of all kinds.

e Offensive operations against U.S. Enemies: the capability to
use the most immediate and effective military means to
destroy a declared enemy's capabhility 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 national goals and

capabilities, and military objectives entail three basic types of activities:

® Defining required capabilities: which are derived from
a combination of political/national objectives; decisions
zhout overall force balance and type of structure
among the air, land and sea forces, anéd the perceived
capabilities of other nations who are either potential
threats or potential allies.

e Development of needed military capability: a combination
of knowledge and technology, equipment and other physical
resources, and competent human resources,
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® Conduct of required operations: the functional subcomponents
are grouped as follows:

® Surveillance, detection and identification
® Mission/target identification

® Tracking

® Successful engagement with mission/target
® Successful recovery from engagement with

mission/target or from enemies attack

Geophysical Perspectives

Submarines generally operate in deep water beyomi 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
temperature gradient tends not be to uniform, 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 1invisible 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-tropical waters.

Surface ships have two possible responses to submarines' use of the
thermal layer for cover: very high power lo. “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-
tions are affected by ocean currents, but to date the predictability of these
currents has been insufficient to promote use of currents to carry mines to desired
locations. Presently, mine technology has not produced mines which can discrim-
inate effectively between friendly or hostile craft; hence, mining operations have
been carried out (traditionally) in waters not frequented by friendly or even

neutral forces.

Human swimmers or divers operate most effectively 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 mammals
will be most effective in physical environments reasonable similar to their native

habitats.

}
)
}
)
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Ocean surface installations are likely to appear first in relatively
shallow depths, and to find only limited applicability beyond the OCS even

in the distant future.

Submarine logistic support forces will not be limited by water depth
or distance from bases. Such forces will take advantage of the thermal layer

to enhance their concealment through long transits.

Long range surveillance in the marine environment beneath the surface
is most effectively accomplished through acoustic means. Acoustic technology
is, and will continue to be, beset with serious problems of noise and sound
refraction 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.

TAILORED 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

military activities are defined and made operational through governmental

structures.,
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The particular orientation of a governmental perception 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 summarized 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.

e 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 argument has been extended to the proposition that military capabilities
are essentially outmoded. There are extensive forecasts which indicate why
it is essential to disarm 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 command 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.

2-12




While many policy strategists contend that effective arms control and even
disarmament is the safest and most needed course of the future, few now sce a
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 1is, in turn,
determined by factors such as the stage of development, the level of technology

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

e The contention that military capabilities are a necessity
vs. the contention that they are a "luxury."

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

e 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 1980s 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, is 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:

R




® The degree to which the national economy will be
technologically intensive and innovative

e 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 cupport of the population
Many concepts with varying prospectives exist., Among those most relevent to

the purposes of this forecast are:

e 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 military action.

® The degree of passivity which is accepted as a national
position.. This concept originates from the moral rightness
of passivity and the immorality of war, and can help shape

the level of military capabilities.

Today's political struggles within the U.S. reflect varying degrees
of all of these concepts. There is no indication that they will waver, nor

that the debate will be less 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:

e 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 materials, potential allied groupings and pooling
of military capability.

e The concepts of what represents security in _ne 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 describing this concept are '"Nuclear Parity," or "Strategic Parity" or
"Military Parity." The essential idea is that since the 11.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 eitner 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
military 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 purposes

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 (OTH) radar technology

f, Sea water "window" research

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 utility 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 from 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.

Research will lead to exploitation of ionosphere bounce techniques to

improve OTH radar capabilities which will add to our overall surveillance

capability.

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:

e Improvements in bearing, elevation and discrimination
characteristics - both electromagnetic and acoustic;
and improvements in range resolution characteristics
of echo ranging devices.

e Improvements in predictive computational techniques -
using second and higher derivations of target motion -
in order to improve both weapons intercept accuracy
and fidelity of tracks.
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® Improvement in ability to track against and through
noisy backgrounds.

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

e Improvement in ability to accommodate to changes
in medium characteristics - i.e. changes in sea
water temperature, and therefore changes in refrac-
tive 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
Cc. Submarines

d. Mines

e, Individual/team operations

f. Logistic support

g. Hydrofoils

2-18

v —— g g

o b v




h. Air cushion vehicles (surface effect ships).
i, Verticle/short take~off and landing (V/STOL) aircraft
j. MNear-invisible electromagnetic and acoustic hull coating

k. Vessels with near-indiscernible maguetic and acoustic signatures

Microminiaturization of electronic components promotes modularization 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 piloted 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/placement.

Sophistication of electronic components lecads 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 easy 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 gpeeds for concealment purposes.

The technological base for highly sophisticated military mines will grow.
This base will provide the potentjal to develop mines which propel themselves,
are remotely controlled, bury themselves in the sea bed and attack selected
targets, and are activated and deactivated from external control stations. Through
sensitivity to combined electromagnetic, magnetic, and hydrodynamic signatures
they can be virtually 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 greatly 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 capability to descend to lower depths, to remain submerged
longer, to dive or ascend rapidly, and to operate under a variety of adverse

circumstances,
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Underwater logistic support capability will increase significantl .
Underwater mass transport submarines will begin to make an appearance before
the turn of the century. They will be able to transport troops, supplies and
equipment more cheaply 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 exten® through the remainder of the century and result in a significant
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 anticipated 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 reduce magnetic and acoustic signatures.

Missiles are a growing part of underwater military capabilities. The

technological concepts related to missiles are:

a. Increasing weapon power-to-weight ratio
b. Improving propellent capability

c. Improving guidance capability

d. Improving fusing capability

e. Using mammals

Technological advances in the first four areas listed above lead to more
accurate 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 missiles, projectiles,
depth charges, shells and hand weapons. They apply to anti-personnel, anti-aircraft,
anti-ship, anti-shore, and ASW weapons, Advances in signal processing lead tc
improvements in guidance, discrimination and fusing in smaller packages; advances
in combinations of electromagnetic techni ies - visual, IR, laser, X-ray, UHF-VLF,

radar-magnetic techniqu¢ , and acoustic techniques lead *o additional improvements

in guidance, discrimination. and fusing, including defense against countermeasures.
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The promise of using marine mammals will continue. More species and
greater quantities of marine mammals will be used for spotting, for protectlon
of divers, and for the various types of uses now conceived. Mammals will be
equipped with internal explosive devises which can t2 riggered 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 1is 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, 1s 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 life 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"
to trigger the detonation.
Assessment
The same technologies and concepts discussed under surveillance, detec-
tion and identification and under command and control will provide the basis for

improved instruments of assessment,

Self protection and recovery

The technological bases for these functions are also intertwined with

the various technologies already discussed.
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Logistics

Underwater habitats of long endurance capability are becoming feasible.
It 18 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 1it.

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 effective 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 military capabilities are also likely to be of a nature which
will make a conventional '"show of force" role difficult. 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 1is expected of them.

Logistical transport and support

(Related technological concepts are discussed in the forthcoming

section on transport. See Chapter 7.)

Defense/security 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- i

ering states of Canada and Mexico, are often included within the U.S. defense concernnf :
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The problems of defending against both overt and covert operatlons 1
times of both declared and undeclared hostility up to and including all-out war
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 driving forces, barriers and obviating factors 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 activities 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 fundamental level, operational military power may be defined
as the level of destructive capability which a nation’s military forces can
wield in given circumstances and against given opponents. In this analysis,
such power 1is 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 ftechnology imply that the undergirding
technologies which make modern destructive capabilities possible are antisocial.
Many such technologies can be used for the 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

with the intention of destruction or harm. In the military realm these range
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from hand-to-hand combat in which individual prowess and skill and numbers of ten
are the determining factors to long range nuclear devices which can destroy all

life 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:
e 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

e The political, economic, and social will 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 system of govermment," national sovereignty
will remain as the dominant feature of intermational govermmental structures.
Nation states will relinquish such sovereignty only in highly selected and
specialized circumstances, and then only to the degree 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

various states and the federal government within the U.S.A.
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Intellectual and political leaders of other cultures have contended 1hat
a one world government is indeed desirable, but that it should be achicved

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 "effect" 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
the world gathered largely under the collective "nuclear umbrellas" of the

bipolar world.

The early contentions that such an arrangement could be effective through

L
only the retention of "strategy parity" which was actually more properly con~ 3
ceived of as "nuclear parity'" were soon frustrated. The proposition that the R
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nuclear age had rendered war to be an ineffective means ol sccurluyg it Lol
objectives, and that war could be averted by the clear superiorlty or Lipolar
parity of strategic (primarily nuclear) arms soon was replaced by the concept
that a nation having only the nuclear capability of total destruction which
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 1its 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 18 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 will be a general proliferation of
world military power. The "nuclear monopoly" will be eroded in two 8senses:
the proliferation of nuclear power itself, and the emergence of a variety of
other forms of antisocial technology which can give nations the equivalent
destructive effectiveness of nuclear power. This latter situation might be

termed the emergence of 'mon-nuclear etrategic parity."

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 further up the scale of economic development. The fact that
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
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, interested 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 arts, 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 capability prolifer-
ation will continue not only in terms of the number of potential actors, but

also in terme 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 fact that 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 parity, and that
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nuclear arms of the large-scale mass-destruction type may be somewhat 1limited,

and that this in turn may release resources for development of other alternatfives,
it seems that the only real hope for a reversal or arrestment of the overall

arms race 1s a worldwide voluntary abstention. So long as any nation continues

to push its military capability ahead of others, there will be a continuation of
the arms race in some form. The next plateau of the arms race is already outlined.
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 itself as needing to fulfill a role as a
leading world power, and as needing to retain an effective and powerful military
capability as a deterrent to aggression or as an effective defense against
aggression at every level it 18 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 fail to impose world order, we see no reason to believe that ultimately

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

The techniques for calculating parity will continue to be expanded to
incorporate overall "military parity" at various pointe of the spectrum of
military operational capabilities. This will lead to the ultimate decision
that the U.S. muat remain effective against any and all potential enemies8 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 gcale of operations is broadened, then the

implications of these definitions will become more significant.

Thus, the U.S. will continue to see the maintenance of military capability
to be an important instrument of ite own national policy and security as well
as that of her allies and of the world in general. Although the actual employ-
ment of such capabilities may become more cautionary and reluctantly used, the
capability for employment will be a continuing high national priority. The
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determination of the required level of capability will primarily evolve from
the application of the concept of "military parity.” 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. 1In 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 shifts, the U.S. economy will
continue to be one which i8 sufficiently strong to underwrite the needed military
ecapability. It will continue to be technologically intensive in character
(discussed in various detail in subsequent chapters) and it will continue to be
one in which overall technological leadership is seen as a cormerstone of national
development and the retention of continued economic development in both a quali-
tative and quantitative sense. There are further details on these basic issues
jn subsequent chapters. The current debate over the degree to which technology
enhances or impairs quality of 1life will continue and will affect 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.

Ly
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But there are no basic indications which would lead to a persuasive casce that
these arguments will result in any significant changes within the structurc of
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 enviromment in general and with the underwater emviromment in particular
will increase. The need for securing supply lines for eritical resources flow-
ing from among nations separated by seas and oceans is growing and will continue
to grow. The complexity of securing such supply lines is also growing and will
continue to do so. The vulnerability of and expense of delivery syetems for
land-to-land intercontinental weapons also is growing and will continue to grow.
These and related trends and developments which they stimulate will result in
an expanding demand for the range 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 comprehengive surface
surveillance systems will move into the state of technological capability and
will be clearly demonstraied. 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 vessels. 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 effective network and alternative delivery system options will converge
to make this reassessment become a matter of major national 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. This
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
will shift from primary reliance upon surface based military capabilities to
primary reliance upon underwater military capabilities for security against

those opponents capable of threatening offshore resources and economic opera-

tions and also for the effectiveness of the more traditional naval 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 "conventional” 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.

2-31




The effectiveness of the antiship missile has driven the U.S. Navy [nto
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 microminiaturization technologies have led to the capability
to package highly effective systems into relatively small units, but at a cost
which 1imits 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 cost psy- ;

chology. i

As i8 discussed in more detail in Chapter 3, the problem of diseriminating
whether a threat is present, and whether the threat has resulted from a foreign
military or nommilitary source will become an increasingly intractable problem. 1
In an increasing number of areas there ultimately will be a merger of opera-
tional responsibilities for some areas of protection and surveillance which
have characteristically been much more clearly definable as either military
or nonmilitary 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 has 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:

e Strategic Long~range Ballistic Missile (SLBM) submarines
with greater depth, range, firepower, sea-keeping ability, ‘
and manpower efficiency than today's SLBM submarine, but 1
otherwise of the same general characteristics.

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

e 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- i
lance, some may be equipped to intercept covert entrance into a i
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region, some may be configured with heavy firepower for
perimeter defense, and some may be specially fitted to
neutralize terrorist or other smaller scale antisocial

intrusions
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 wa@gr to the mechanisms of surveillance (see subsection below

on "Underwater Insiallationa"), but this will not be beyond its early stage by

the end of this century

Operational gemgnd will promote development of at least prototype craft

with capability to6 operate effectively beneath, on, and above the sea surface.

By the end of the century only the more technologically advanced nations
will have acquired even prototypes of the sophisticated vehicles described
above; however, many nations will have acquired the capability to operate divers
and teams in and with small submersibles in the relatively shallow waters over
the 0CS, and in the regions in which entreneurship has established resource

eaxploiting assets. These developments are discussed below.

Mines as Subsurface Weapons

By the end of the century, technological improvemente in subsurface surveil-
lance and command and control will not have advanced sufficiently to permit dis-
eriminatory and selective control of mine detonations. 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 development by others, or to destroy subsurface assets already in place.

The types of mine 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

T
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® Mines which rely on natural forces for delivery--
such as ocean currents, wind, or a combination of
these

Individuals/Teams

As the subsurface complexes of assets devoted to resource extraction and
explottation grow, individual divere and teams of divers will be used in an
increasing amount. Diving equipment and diver capability alsd will be signi-
ficantly improved to enable diving to greater depths, with more flexibility
of movement, and increased eapability to operate in adverse weather and sea
8tate circumstances,

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 some underwater installations may begin to appear. They will be
a combination of fuel storage, weapons gtorage, and storage for various other
supplies which will permit underwater docking for refueling, reaming and
resupplying underwvater operational vehicles. In addition, there may be some
underwvater work stations for maintenence activities and dispatch centers, for
regcue dispateh, and for various other purposes.

Some of these installations may be fixed to the ocean bottom, but most are

expected to be semi-fixed in much the way a house trailer ie today. This mobility

will permit changing patterns of defense against covert antisocial 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 possible to foresee clearly a step forward
in undervater surveillance and command and control capability, based upon oper-
ating unite in undervater installations. Acoustic transmissions are the only
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known and foreseen effective mechanisms for underwater surveillance and 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
will advance to permit prediction of sound ray and sound beam behavior, and
thereby permit accurate localization of targets through triangulation from
several underwater acoustic listening stations. Coded transmission of accustic

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

stations to guide submarines and other submersibles to targets, without these A
operating units themselves revealing their own positions.

e
Underwater Logistic Support . <

-
Mass transportat%on of troops and supplies gradually will become economic-

ally feasible, 8o that by ghe end of the century there will be clear evidence
of itswmergencé as a vital factor in undervater detivities. Undermater trans-
portation of largt volumes will provide greater: security than surface transportation
under hostile condi;iéna and will be move economical than air trdhaportation. Thus,
large tr&nsgori submarines will begin to be operational by the end of the

. centuny.
N i gddit{on to ;se of the underwater region as a transport medium, logistics
activities will 1ncfude support of underwater military activities themselves.
Thie will take place through submerged submarine tenders and supply ships
capable of submerged d&eking and other interactions with underwater installa-

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 region,

Coordination relationships between subsurface 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 targete. Ultimately, missiles

will be launched from land, enter the water at some prearrangedldiatanae

from the target, then exit the water for final attack on targets. The sea opacity
thus will be used to screen the missile during ite last leg of transit toward

ita target.
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At some stage in future development, it will be possible to fire weapons
from beneath the surface against tactical land targets, analogous 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.

Alr Based Weapons Systems Interface

In principle the same considerations apply to this interface as to the
> ;
interface between subsurface and land based weapons systems. Command and
1
control technology advances will lead to improved coordination between air

and subsurface operating units.

Surveillance gnd Monitoring
¢

The irpenetrability of sea water to surveillance mechaniemg--electromag-
netie, magnetic;'and acoustic--will persist into the next century and make
subsurface surveillance a most challenging technological problem, Technological
advances will center around the effectiveness with which sea water transmite

- aouna, and will address improvements in the accuracy of locating targete, and
in the identification of target typee. Progress ig forecast to be slow, but
the increages in the population of underwater units will render related research
of nigheat priority. It will be of utmost importance to detect and track every
posaible potential military threat that enters the region.

One of the most acute surveillance probleme will be to determine that an
aggressive action has, in fact, taken place. Successful covert action will be
likely to mask activitiee in such a way as to make it very difficult to ascertain

causes of damage or interference in operations.

Advances aleo will take place in surveillance countermeasures; decoys and
other masking mechanisms will be deployed along with attack unite to increase
difficulty of detection and tracking.

Advances in data processing technology will permit real-time display of
entire regions showing virtually all activities taking place in the region.
These display systeme will be placed in a wide variety of locatione for use
by all echelons of military command.

L
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Research and Development

All areas of R&D related to the categories discussed above will be
intensively pursued. In addition, the military R&D will be coordinated with

increased nonmilitary R&D on the underwater environment.

Marine Mammals

The potential of the use of marine mammals will continue. More species
and greater quantities of marine mummale will be used for gvotting and for

protection of divers.

Mammals will be equipped with internal explosive devices which can be
triggered from a remciely controlled operations center. Such delivery systems
will be virtually indistinguishable 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. T7The
equivalent of guard doge under the sea likely will emerge in at least some
highly concentrated areas. Armed with sengore, these mammale will make excel-
Lent obgervation units at a much more reasonable cost than would be the case

with underwater vehicles,
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CHAPTER 3: PROTECTION OF PROPERTY AND LIFL

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 activities as terrorism and industrial,
commercial and economic sabotage.

® Natural disasters such as offshore earthquakes, volcanic
eruptions, hurricanes, fog, etc.

® Major accidents involving threats or damage to property
and life.

® Search and rescue operations.

® Salvage activities.

Specifically excluded from treatment 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 activities 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 climate of protection will be particularly dynamic. The
following major features of this climate form the backdrop against which to

forecast underwater activities in this category:
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e 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.

e 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.

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

e 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 functional system for forecasting activities in this category is

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

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

e Sources of threat: nonmilitary aggression, natural forces,
accidents, and irresponsible, uninformed, or otherwise
unsafe human behavior

e 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 within 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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GEOPHYSICAL PERSPECTIVES

There are no intrinsic geophysical boundaries to protection 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-
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