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ABSTRACT

Naval undersea missions and operations in the 1975-85 time frame
that require the use of MAN-IN-THE-SEA systems are delineated. The
MAN-IN-THE-SEA system is broadly cdefined in this study to include all
undersea systems requiring man's exposure to the ambient ocean pressure.
MAN-IN-THE-SEA missions and operations within the overall spectrum of
naval undersea missions and operations are isolated on the basis of
system investment and operating costs, It is démonstrated that MAN-
IN-THE-SEA has a definite role in accomplishing future naval undersea
missions and operations, MAN-IN-THE-SEA systems offer both functional
and cost advantages over alternative systemg in the performance of a
number of naval missions in the shallower depth regions (less than
150 feet). In depths greater than 150 feet, MAN-IN-THE-SEA systems
offer functional advantages at comparable costs to alternative systems

in the performance of some naval missions.
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PREFACE

This study of the naval application of MAN-IN-THE-SEA concejpts in
the 1975-85 time frame was sponsored by the Naval Analysis Programs
Group, Mr, J. R, Marvin, Director, in the Office of Naval Research,

Mr. B. L, Friedman was the ONR Project Scientific Officer. The funda-
mental objectives of the study were to identify the potential contribu-
tions of MAN-IN-THE-SEA capabilities to the accomplishment of naval
missions, The results of the study are to provide guidelines for the

structuring of a long range MAN-IN-THE-SEA research program,

The research effort was performed by the Naval Warfare Research

Center of Stanford Research Institute. Mr., A. Bien of NWRC was the

principal investigator. Mr. P, J. McDonough of the Santa Barbara

Analysis and Planning Corporation was the principal subcontractor.
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STUDY SUMMARY

NAVAL APPLICATIONS OF MAN-IN-THE-SEA CONCEPTS




BACi"GROUND

MAN-IN-THE-SEA concepts are defined broadly as those underwater
systems where man is exposed to the ambient pressure in thc ocean envi-
ronment. This approach contrasts with those underwater systems in which
man is protected fiom the ambient pressure by: (1) placing him in the
protective shell or a pressure vessel, or (2) locating him on the sea's

surface and having him remotely operate underwater equipments.

In recent years significant advances in the capabilities of MAN-
IN-THE--SEA concepts have beep realized. These advances, resulting prin-
cipally from the development of saturation diving techniques, are re-
flected in the extended depth and time man is able to venture into the
sea., The U.S. Navy, recognizing the possible military potentials offered
by man's increasing undersea capabilities, is supporting a MAN-IN-THE-
SEA program. This program is directed toward developing man's ability
to accomplish useful work down to the depth of the continental shelf and
determining man's ultimate depth-time limits in the ambient undersea

environment,

In light of the demonstrated and promising capabilities ol MAN-IN-
THE-SEA concepts and the recognized need for expanded rescarch and devel-
opment efforts to extcend man's ability to live and work under the sea,
the U.S. Navy must establish its long range goals and objectives for the
exploitation of these concepts. An analysis of tho potential contribu-
tions of MAN-IN-THE-SEA capabilities to th¢ accomplishment of naval
missions was needed to provide guidelines for the structuring of a long

range MAN-IN-THE-SEA program.




The primary objective of this re¢search effort, sponsored by the
Office of Naval Research, was to identify and establish how, where, when,
and why MAN-IN-THE-SEA concepts contribute to the accomplishment of naval

missions.
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STUDY RESULTS

Missions, Operations, and Tasks

A spectrum of naval undersea missions and operations was identified
through a comprehensive review of total naval requirements in support of
current and future national objectives. This type of review was con-
sidered a basic prerequisite for all naval supported, missior oriented
studies, The method used to identify raval undersea missions and opera-
tions was selected because it could provide requirement definitions that
are related to, and supported by, current naval research planning pro-
cedures. As a r.sult of this approach, a more complete and systematic
overview of naval undersea operational requirements was achieved than

was previously available.

Since the utility of a specific undersea system, or a combination
of systems, in accomplishing the undersea missions and operations is
dependent primarily upon the tasks associated with each mission and
operation, a critical step in the determination of the application of
the MAN-IN-THE-SEA concept is the identification of undersea tasks and

their association with missions and operations.

The defined naval undersea missions and operations, and the associated
generalized tasks, are shown in Table S-1. Supporting dats for the de-
fined naval undersea missions and operations are presented in a classified

addendum to this report.




Table S-1
NAVAL UNDERSEA MISSIONS, OPERATIONS, AND ASSOCIATED TASKS

Class | Cinss ] Cless Class
I 11 11 IV
Generalized g
Task S
Spectrum &
)
1]
o :a:§? o e gn.g'a 0 & ué‘érg
. b ':g.:é.ﬂ PEES - E-R - EE
Undersea Q =] 2 o0 amMumounx oA o R
Missions and § of,|¢ E — e g
A ES = = ~
Operations E § E E gg § E § ,.E’E §
) BRI B R ® o 2, fxy %
v |S|a(S]|E]&]R < a < &
Surveillance — ]
Landing beiich area x|x x|xlx
Enemy harbor xix x{x1x
U.S, harbor protection X|x X|x|Xx
Inshore USW xlx x| xix
USW all ranges & depths x|x xIx|x
Reconnaisssnce
Beach ares X X|X|X|X|X
Enemy harbor X XIX|xix|x
Mining environment X X|X|xX]1x]X
Mining
Mine hunting and countermessures X X|X Xi{X
Mine plants Il x[x 1
Disarm mine “ X X I
Interrogate mine fields X X|X I
Navigation Surveys
Recovery
Small object X X X|x
e Torpedoes X X x|x l
s Nuclear weapons X X x|x |
® Space hardware X X X|x I
Large object X X|XjXix|X X X X
Facility Iustsllations
Sonar srrsy (slign & repair) X|X{X|X]|X X X X
Botton mounted ULM x|x]x|x|x X 1 X |
Navigation markers X{x|{xix|x |
Cable laying & inspection x{xIx]x]|x X I
General construction X|X|xix|x X X X
Salvage
Ships X XIX[X]X|X}X X X X
Aircraft I x Ix|x|x[x]x]x X X X |
Repairs 1
In port (wet dcck) ﬂ X X X l
Underway ] X X X
Support
Oceanographic dsta X{XIXEX]X}X X X X
Sub rescue persunnel X X1 X X|X X X X
Undervater logiatics X XXX X X

Habitat Development

. Unde:'sea mission areas m Underses operations within the brosd miasion areas

eSupporting deta for undersess miasion snd operstions are presented in a classified addendum to
this report:
A, Bien and P.J, McDonough; “Addendus to Naval Applications of MAN-IN-THE-SEA COMCEPTS--

Misaton Definition (U)"; SRI Research Memorandum NWRC RM-50, Contract No. NOOO14-68-A-0243;
Stanford Resesrch Institute, Menlo Park, Cslifornia; December 1968 (SECRET)




Comparative Analysis Results

The procedure used for isolating MAN-IN-THE-SEA missions and opera-
tions within the spectrum of naval undersea missions and operations was:
(1) to compare the functional capabilities of MAN-IN-THE-SEA systems with
those systems that do not require man's exposure to the ambient ocean
environment (alternatives to the MAN-IN-THE-SEA systems), and (2) to
compare the costs of using MAN-IN-THE-SEA systems with the alternative
systems, Thus, the MAN-IN-THE-SEA system application study reported here
is unique in that the need for MAN-IN-THE-SEA concepts to accomplish
particular naval missions and operations was not an initial study

assumption,

The criteria used in defining the functional performance requirements
related to the undersea naval missions anu operations and the functional

performance capabilities of alternative undersea systems were:

¢ Depth capability

* Time capability

s Mobility capability

e Load carrying capability
¢ Maneuvering Capability

¢ Manipulative capability
* Sensory capability

* Cognitive skills

* Hardness

Covertness.

Table S-2 summarizes the functional comparison results and indicates
the performance areas where: (1) MAN-IN-THE-SEA systems possess unique
capabilities, (2) MAN=-IN-THE-SEA and alternative systems have comparable

capabilities, and (3) altornative systems have unique capabilities.
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Table S-2

SUMMARY OF THE RESULTS
OF FUNCTIONAL CAPABILITIES COMPARISON

]
~
n p- w
& 2t 4
53| 3| .2
82 Bl i
() b > =
r-l w B - o
E [} ) - a
FE | Bs | 22
z0 > Lo
Fa (02T (N2
FUNCTIONAL HEIREY
CAPABILITIES 3 2 5 £ 2
El 35| E
<
Mobility
® Speed i
® Range
Load Carrying
® Object size
@& Object weight

Maneuversbility

@ Accesa limit

¢ Degrees freedom

Msaipulation

® Minimus skill

@ Moderste skill

@ Complex skill

Sensing

® Visual

@ Acoustic

¢ Electromsgnetic

p—r————

® Magnetic

® Rlectric

® Tactile

Cogrition

® On-scene assess.

Nardness

® Nechanicei

Radiation

[ ]
® Tempersture
® Wsrine life

Coveriness

Yisuel

Acovstie

Rlec' roasgnetic

Slectrizel

.
.
® Magmetic
[ ]
L]

Pressure
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The comparative analysis of the functional capabilities of MAN-IN-
THE-SEA systems versus the alternatives, based on the foregoing criteria,

indicated that the unshielded man is unique only in the following sense:

1, He offers a significant advantage in maneuverability
because of his compactness, agility, and physical
flexibility.

2. He offers a significant advantage in manipulative

capability for tasks that require a high degree of
finger dexterity.

3. He offers extended sensory capability because of his
tactile senses. These senses enhance man's manipulative
capability, especially in extremely turbid water.

4, He offers some degree of covertness in certain opera-
tional environments,

The criteria used in making the cost comparison are the initial
systems investment cost and the operating costs of accomplishing a
specific mission or operation, e.g., small object recovery, aircraft
salvage, or undersea facilities construction. Since MAN-IN-THE-SEA
systems configurations and operational modes differ for a particular
depth regime, the cost comparisons are made in relation to four depth
bands. These bands are 0-30 ft, 30-150 ft, 150-300 ft, and 300 ft and
greater, It is recognized that the boundaries of each depth band are

not clear-cut and that there exists a certain amount of overlap.

Table S-3 summarizes the cost comparison results and indicates the
regions where: (1) MAN-IN-THE-SEA systens have a cost advantage,
(2) MAN-IN-THE-SEA systems and alternatives have comparable costs, and
(3) alternative systems have a cost advantage. The five missions/
operations selected for comparison were: (1) small object recovery,
(2) aircraft salvage, (3) ship salvage, (4) simple undersea construction,
and (5) undersea facilities construction. These missions-operations

represent a wide range of demands in the undersea task to be performed,
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e.g., from minimal manipulative work requirements to highly complex
manipulative work requirements. A wide range of total operational time
is also represented, e.g., from 2 days in small object recovery to
60 days in ship salvage operations., Some specific observations of the

cost comparison results are the following:

1. A dominant investment and operating cost component for
MAN-IN-THE~SEA and alternative systems is the cost of
the support platforms.

2. For operating depths up to about 150 ft MAN-IN-THE-SEA
systems always have an investment and operating cost
advantage over the alternative systems.

3. The investment cost advantage of alternatives to MAN-
IN-THE-SEA in the depth region between 150-30Q ft is
achieved by the use of the articulated diving dress.
Since 300 £t is technically a maximum projected depth
capability for the diving dress, MAN-IN-THE-SEA may
also have cost advantage in the 150- 300-fi depth region
if the diving dress cannot achieve the projected depth.

4, MAN-IN-THE-SEA systems investment costs for depth region
beyond 300 ft are comparable to the alternative systems
costs.

5. MAN-IN-THE-SEA systems have an operating cost advantage
over the alternative systems for mission/bperationu that
require large amounts of manipulative work.

6. MAN-IN-THE-SEA systems operating costs are comparable
to the alternative systems cost where there is only a
moderate amount of manipulative work,

Mission and Operation Allocation Criteria

The two principal criteria that determine the allocation of naval
undersea missions to MAN-IN-THE-SEA systems or the alternative systems

are: (1) the mission survivability of system, and (2) the cost of the

system.

Since in the shallower depth region (0-150 ft) MAN-IN-1HE-SEA systoms

have a significant cost advantage over the alternatives, the allocation

§-10
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of missions to systems other than MAN-IN-THE-SEA systems must consider
the advantage of achieving survivability through hardened systems rather

than through covert operations.

In the depth regions beyond 150 ft, where MAN-IN~THE-SEA systems
costs are comparable to the alternatives, the choice is less difficult

since the use of hardened systems need not be bought at increased costs.

The role of MAN-IN-THE-SEA systems in satisfying naval undersea
missions and operations based upon the consideration of the systems
mission survivability through the use of covert or hardened system

operations is summarized in Table S-4,

As shown in Table S-4, Condition I identifies those undersea missions
and operations that MAN-IN~-THE-SEA systems can best satisfy if surviva-

bility is to be achieved through covert operation.

Condition II identifies those uniderseas missions and operations that
MAN-IN-THE-SEA systems can best satisfy if survivability is to be achieved

through hardened systems.

Condition II' extends Condition II where consideration is given to
the design of undersea facilities to minimize the constraints imposed by
the limitations of mechanical manipulators. This consideration is in-
cluded to demonstrate the difference between the accomplishment of an
operation that is under the control of the designer and one that is not.
For example, ship salvage operation is a nondesignable job that requires
the full flexibility of man to handle, whereas, undersea structures can

be designed to eliminate the need for MAN-IN-THE-SEA systems,

S§-11




Table S-4

SUMMARY OF THE ROLE OF MAN-IN-THE-SEA SYSTEMS

Migslon Condition I

Condition 11

Condition II'

Conditions o
Functional Mission Emphasis

Operations on the Use of
Covert Operations

Surveillance

® Landing beach area

® Enemy harbor
®U.S. harbor protection
® Inshore USW
@ USW a)l ranges and depths
Reco:inaissance
® Beach areas
® Enemy harbor
@ Mining environment
Mining
® Mine hunting and countermeasures
® Mine plants
® Disarm mine
® Interrogate aine fields
Navigation Surveys
Recovery
® Smal) object
Torpedoes
Nuclear weapon
Space hardware
® Large object
Facility Instaliations
® Sonar array (align and repair)
® Bottom mounted ULM
® Navigation markers
® Cable laying and inipection
® General construction
® Foundation and bottom
Salvage
® Ship
® Alrcraft
Repairs
@®1n port (wet dock)
O Underway
Support
® Oceanographic data

® Sub rescue personnel
® Undersater logistics

® Nabitat Development

-W-IN-TNI-SL\ functional application arca

Mission Emphasis
on the Use of
Hardened Systems

Anc the *dvanced
Design of Underseas
Structures

.




CONCLUSIONS

The study results presented in the preceding section demonstrate
that MAN-IN-THE-SEA systems have a definite role in the conduct of future
naval undersea missions and operations. The advantages of MAN-IN-THE-
SEA systems in the depth region of 0-150 ft is quite clear. This con~
clusion can be accepted with reasonable confidence even though the study
relied heavily upon subjective estimates of systems' functional capabil-

ities and gross eutimates of systems' costs.

The advantages of MAN~IN-THE-SEA systems in the depth region beyond
150 ft is not as clear-cut. The analysis has shown, in ;. 'neral, a com-
parable cost for MAN-IN-THE-SEA systems versus the alternatives. However,
this result is highly sensitive to the accuracy of the estimates of the
functional capabilities of MAN--IN-THE-SEA systems and alternatives. The
subjective estimates of the functional capabilities of undersea work sys-
tems, necessitated by thelack of quantitative measurements, makes the
comparison results less reliable. While MAN-IN-THE-SEA systems show
slight advantage over alternative systems in this present analysis, there
is a good chance that future developments of alternatives to MAN-IN-THE-
SEA systems may reverse this. The above conclusion was arrived at through
two basic observations:
1, The unique capabilities of MAN-IN-THE~-SEA systems,
maneuverability, tactile sensing, and manipulative
capabilities are being erroded by undersea vehicle

technology developments in the form of advanced sensor,
control, and mechanical manipulator systems

§-13




2. Undersea systems that can be designed (e.g., surveil-
lance devices, missile sites, facilities) are being
configured to minimize the need for complex manipula-
tive work. In certain cases major effort has been de-
voted to design undersea systems that match the limited
capabilities of current manipulator equipped vehicles.
It is essential, therefore, that the contributions of MAN-IN-THE-
SEA systems versus alternative systems in the conduct of naval undersea
missions and operations be continually reassessed in light of the ad-
vancing technological developments. A critical facet of this reassess-
ment is the determination of quantitative measures of the functional
capabilities of MAN-IN-THE-SEA systems versus the alternatives. In terms
of the performance criteria developed in this study the'manipulattve
capability of MAN-IN-THE-SEA systems compared with alternative systems
is one of the most important measures that need to be quantified. De-
tailed descriptions of other performance measures are presentad in Sec-

tion V of thir reporc.
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I INTRODUCTION

This report consolidates the results of a two-phase research effort
that examines the potential contributions of MAN-IN-THE-SEA systems to

the accomplishment of naval missions.

The two-phase study approach that was adopted is outlined in Fig. I-1.
The essential tasks were to: (1) identify Navy mission areas, related
functions and tasks, and required mission-performance capabilities;
(2) define the performance capabilities of MAN-IN-THE-SEA systems and
alternatives to MAN-IN-THE-SEA systems; (3) conduct a comparative analysis
of the functional capabilities of MAN-IN-THE-SEA systems versus the
alternatives; and (4) conduct a comparative analysis of the costs of

MAN-IN-THE-SEA systems versus *he alternatives.

The substance of the study approach lies in Tasks 3 and 4, viz.,
the comparative analysis of MAN-IN-THE-SEA systems versus the alternatives.
The major difficulty in establishing valid missions requiring the use of
MAN-IN-THE-SEA concepts is that there may be other means that could
achieve the same missions. These alternatives might be tethered remote
controlled vehicles equipped with acoustic and visual sensors and manip-
ulators, or manned manipulator equipped free swimming vehicles. The major
advantage of these alternatives is that man is not directly exposed to
the extremely hostile ambient underwater environment. The objectives of
the study's first phase were to identify those underwanter tasks that
require the capabilities of a man working in direct contact with his
environment and relate those tasks to Navy underseas missions. In

essence, the study sought answers to the following interrelated questions:
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* What unique capabilities for accomplishing specific
underwater tasks does an unshielded man have?

¢ Which Navy undersea missions have essential tasks
requiring those unique capabilities?

The spectrum of Navy undersea missions and operations is identified
in Section II. The tasks related to each mission and operation are iden-
tified in Section III. MAN-IN-THE-SEA systems options, together with
alternative systems options, are delineated and described in Section IV.
Based upon a defined set of performance criteria, the functional capabil-
ities of MAN-IN-THE-SEA systems and alternative systems are compared
(Section V). The investment and operating costs of performing specific
undersea missions and operations are compared in Section VI. Detailed
task analyses for selected Navy missions are provided in Appendix A.
Reviews of the fundamentals and performance capabilities of MAN-IN -THE-
SEA systems and alternative systems are provided in Appendixes B and C.
Appendix D contains summary of cost data used in cost comparisons. A
comprehensive bibliography of all aspects of MAN-IN-THE-SEA systems and

operations is given in Appendix E. Supporting data for naval undersea

missions are presented in a classified addendum to this report (see

Table S-1).




IT NAVAL UNDERSEA MISSIONS AND OPERATIONS

A. General

The spectrum of naval undersea missions and operations was developed
through the use of three principal sources. These sources are:
1. Comprehensive review of documented naval military requirements
in support of current and projected future national objectives.

2. Consolidation of future undersea mission requirements as postu-
lated by: (1) naval and other DOD agencies, (2) U.S. Naval
Laboratory personnel engaged in undersea systems development,
and (3) contractors to DOD and Naval Laboratories.

3. Postulation of advanced undersea missions by the study team.

It becam. quite apparent, after completion of the review of sources
1 and 2 described above, that very few new undersea missions exist.
Therefore, it was considered that postulation of advanced mission through
the generally accepted process of future threat and counterthreat analyses
would be redundant and not warranted hy this study. The naval undersea
missions and operations identified in this study are tailored to provide
requirement definitions that are related to, and supported by, current
Navy research planning procedures. This approach provided a more complete
and systematic overview of naval undersea operational requirements than

was previously available.

B. Sources of Missions and Operations Requirements

The method used to define naval undersea missions and operations is
outlined in Fig., 11-1. First, a thorough review was made of current
naval warfare operations and applications as described in the NWPs and
NWIPs. This roview was accomplished, using the NWPs and NWIPs listed in

Table 11-1. Only those documents from the official list of tactical
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Table I1-1

TACTICAL PUBLICATIONS STATUS REPORTS

Short Title Loung Title ilzzii;n Last Change
NWP 11-A Naval Operational Planning C 2 12 66
NWP 22-A Doctrine for Amphibious

Operations U Orig. 7 62
NWIP 22-1B The Amphibious Task Force Plan L) Orig. 6 65
NWIP 22-4A UDT in Amphibious Operations Cc Orig. 11 65
NWIP 23-1B Submarine Primary Missions C Orig. 7 65
NWIP 23-2B Submarine Support Operations C 1 12 66
NWIP 23-9A Submarine Evasion Manual C Orig. 12 62
NWP 24-B ASW Operations C 2 11 66
NWIP 24-1A ASW Classification Manual c 2 6 66
NWP 26-A Mining Operations c 1/2 1 66
NWIP 26-1 Minefield Planning C 3 11 61
NWP 27-A Mine Countermeasures Operations Cc Orig. 1 63
NWIP 27-1A Support to Mine Countermeasures

Operations S 1/1 5 65
NWIP 27-2 Mine Hunting Procedures C Orig. 7 64
NWP 28-A Nuclear Warfare Operations S Orig. 10 66
NWIP 29-1 Seal Teams in Naval Special

Warfare S Orig. 12 62
NWP 37-A National SAR Manual U 3 10 63
USN ADD 37-A | Submarine Disaster SAR

Operations U 3 9 66
SUPP 37-A Wartime SAR Procedures (o Orig. 8 65
NWP 38-B Replenishment at Sea U 1/1 12 65
NWP 39-A Base Defense U 1 4 66
NWP 10-A Harbor Defense Cc Orig. 1 61

11

1
w

5 g e 5 S

B R 58 A o AU s 7 RS R R - e 18 o2 Y M e v




publications, that, in our judgment, influence undersea operational
requirements were used. Next, the planning objectives were reviewed,
together with the General Operational Requirements (GORS), Specific
Operational Requirements (SORS), Tentative Specific Operational Require-
ments (TSORs), Advanced Development Objectives (ADOs), and Technical

Development Plans (TDPs). A list of the GORs is given in Table II-2.

The GORs broadly define users' needs and directly reflect naval
missions and operations. Following down the documentation chain of
requirements for a development effort are the TSOR, a preliminary stated
requirement; the SOR, a stated need; and the ADO, which indicates the
direction of experimental development prior to an assumed military use-

fulness aund which sometimes precedes the SOR.

The SORs, TSORs, and ADOs are organized under the particular GORs
listed here. They are indicated on the matrix preparec «iring this study
(Table 11-2), when they directly or indirectly indicate a particular
underwater functional requiremeunt correspouding to the established list.
The number or numbers assigned in each square correspond to a particular
referenced document in the Reference Requirement List,* which states
requirements and provides the details supporting those requirements.
These documents, together with the NWPs and the NWIPs, form the basis

of current operational requirements officially stated by CNO.

Concurrent with the review of the above naval documents, discussions
were held with some potential users in the Navy Department concerning
MAN-IN-THE-SEA capabilities and developments; these discussions uncovered
other current and possible future potential undersea operations that were

not described in the listed documents. The previously cited documents,

The Reference Requirements List is presented in the classified addendum
to this report.
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together with the discussions, provided most all of the Navy's stated
or contemplated requirements for underwater operations currently en-

visioned for the near future.

If, however, the time scale for future operations is projected into
the mid-1970s and early 1i%80s, the current stated naval undersea opera-

tional requirements are not complete, and it became necessary to determine

plausible naval undersea operations and the attendant tecinological

requirements from other sources.

Future undersea naval requirements that are likely to evolve are
those related to future operations as indicated in the Naval Strategic
Studies, Mid-Range and Long Range Guidance, Mid-Range ObLjectives, and
Naval Support Plan. The requirements stated in these studies are much
broader than, for example, the specific requirements as stated in a SOR.
These long range studies (see Fig. II-1) helped to provide overall doc-
umentation for the development of naval underwater operational require-

ments of the future.

In conjunction with the foregoing sources, the project team sought
information on possible future mission concepts from U.S. Naval Laboratory
personnel in the R&D phases of weapons systems that are generated else-
where within the Navy or DOD or by their respective contractors. Past
studies that provided some of the projected missions and operations

requirements included the following:

1. Study by the Office of the Chief of Naval Operations (OP-03)
that identified the U.S. Navy Deep Submergence and Ocean
Engineering program for 1970~80 (Ref. 1).*

2. Study by the U.S., Naval Ship Research and bevelopmenrt Laboratory,
Panama City, Florida (formerly the Mine Defense Laboratory), that
analyzed the capabilities required hy military divers in 1980
(Ref. 2).

References are given in Section VII.
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3. Study by the Nortronics Division of Northrop, Palos Verdes,
California, that identified saturated diver requirements for
the 1970-80 time frame. The study was supported by the Office
of the Chief of Naval Operations and the Deep Submergence Systems
Froject Office (Ref. 3).

4, Study by Bio-Dynamics, Inc., Cambridge, Massachusetts, for the
U.S. Navy Special Projects Office that suggested oceanographic
utilization of MAN-IN-THE-SEA concepts (Ref. 4).

5. The panel reports of the Commission of Marine Science, Engineer-
ing, and Resources that recommended an overall plan for a na-
tional oceanographic program to meet present and future national
needs (Refs. 5, 6, 7).

During the progress of the study the project team visited various

naval agencies and laboratories to gain first hand knowledge of the
projections made by personnel that are closely involved in naval under-

seas activities. The agencies and laboratories included, in addition

to the Office of Naval Research:

* Deep Submergence Systems Project Office

®* Supervisor of Salvage, Ship Systems Command

* Office of the Chief of Naval Materials (NAVMAT)
®* Naval Facilities and Engineering Command

* Naval Civil Engineering Laboratory, Port Hueneme

® Naval Underseas Research and Development Center, San Diego.

Table II1-3 is a matrix< representing results of the completed mission
and operational requirements review. The naval mission requirements in
the various documents were interpreted and organized under tem broad,
general underwater mission requirements stated in terms of functional
operations. They are: surveillance, reconnaissance, mining, navigation,
recovery, facilities installation, salvage, repairs, support, and habitat

development.
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Table II-3

MISSION AND FUNCTIONAL OPERATIONAL MATRIX

Planning
Documents

Plann.ng Objectives

Strike
Warfare

Antisubmarine
harfare

Command
Support

Operational
Support

NSS Naval Strategic Stud:es

NMRG Naval Mid-Range Guidance
NMLG Naval Long Range Guidance

MRO Naval Mid-Range Objectives
NSP Naval Support Plan

11 Airborne Lttack

12 Surface Attack
13 Submarine Attack

i1 Amphibious Acbeult
15 Strategic Deterrence

16 Airborne Antiair

17 Surface Antiaar

18 Vacant

21 Airborne ASW
22 Surface ASW

23 Submarine Surveillance

24 Undersea Surveillance

36 Reconnaissance and Intelligence

26 Mine Countermeasures
34 Navigation

37 Environmental Systems
38 Special Warfare

25 Miaing
27 ASW Ancallary Support

31 Comrand-Control

32 Naval Communications
33 Electronic Warfare
35 Ocean Surveillance

41 Logistics

42 Vacant

43 Personnel

44 Astronautic Support
45 Aviation Support
46 Ship Support

47 Ordnance Support

48 NBC Defense
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MISSION AND FUNCTIONAL OPERATIONAL MATRIX

Table II-3 (Concluded)

Operational Doctrine

NWP 11-A Naval Operational Plauning

Amphibious

22-3 Doctrine fcr
Operations

NWP

NWIP 22-1B The Amphibious Tusk Furce Plan

NWIP 22-4A UDT in Amphibious Operations

NWIP 23-1B Submarine Primary Missions

NWIP 23-2B Subsarine Support Operations

NWIP 23-9A Submarine Evasion Manual

NWP 24-B ASW Operations

NWIP 24-1A ASW Classification Manual

NWP 2€-A Mining Operations

NWIP 26-1 Minefield Plenning

Disaster SAR

SAR Procedures

measures Operations
Operations

Warfare
37-A Submarine

NWIP 27-A Mine Countermeasures Operations

NWIP 27-~1A Support to Mine Counter-—
NWIP 27-2 Mine Hunting Procedures
NWP 28-A Nuclear Warfare Operations
NWIP 29-]1 Seal Teams in Naval Special

NWP 37-A National SAR Manual

USN ADD
SUPP 37~A Wartime

NWP 38-B Replenishment at Sea

NWP 39-A Buse Defense

NWP iU-A Harbor Detense
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The list of planning documents and related underwater functiomnal
operations in the matrix provides an immediate cross reference, showing
which planning documents generate and provide specific requirements and

the particular underwater functional operation these planning documents

are concerned with.

The NWPs and NWIPs are broad naval warfare planning documents,

therefore, checks only have been used for cross referencing.

Preceding page blank 1-13
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II1 GENERALIZED TASK SPECTRUM

The utility of a specific undersea system, or combination of systems,
in accomplishing the undersea missions and operations identified in the
previous section is dependent primarily upon the tasks associated with
each mission and operation. A critical step in the determination of the
application of MAN-IN-THE-SEA concepts is, therefore, the identification
of the undersea tasks and their association with the appropriate missions

and operations.

Mission and operation related tasks were derived through the follow-
ing method. Three operations listed in Table I1I-3 were selected for task
analysis. These were: (1) recovery, represented by a simple small object
pickup operation; (2) salvage, represented by an aircraft salvage and a
small ship salvage operation; and (3) undersea construction, represented
by a permanent anchor emplacement operation and an underwater facilities
construction cperation. Recovery and salvage operations were selected
because they are a real current Navy requirement and will remain so in
the near future. Furthermore, tasks involved in recovery and salvage
operations are faily well defined. Undersea construction is a stated
Navy requirement for the near future. Tasks involved in construction

are currently being defined by various ongoing programs.

The range of operations, from solid current requirements of recovery
and salvage and on to the near future undersea construction requirements,
provided a base for uncovering a spectrum of undersea tasks. The results H

of the task analysis effort aro presented in Appendix A.

v b tlye
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In addition to those tasks identified for the three selected opera-
tions, a compendium of undersea tasks was put together through a review
of various sources (Refs. 1-7). The studies reviewed were conducted to
identify current and projected design requirements for divers' tools
and to apply the findings to the study of deep submergence vehicles and
veliicle design requirements. The compendium of tasks resulted from a
fairly exhaustive scarch and definition of current and foreseeable under-
sea tasks. While many studies provide breakdowns of undersea tasks, it
became apparent very early in the review that the referenced studies
represented the consensus on possible underwater tasks. For instance,
occanographic studies indicate that instrument pickup, transportaiion,
and placement are the reqﬁired set of underwater tasks. The vehicle
manipulator studies specify torpedo pickup and transportation as a set
of underwater tasks. It is obvious that both sets of tasks correspond
to the same general set of undersea activities. By correlating the tasks
described in eai.a study, including those described in the task analysis
effort of this study (Appendix A), a list of generalized tasks was gen-
erated. Th~ generalized task spectrum covers nearly all the current
undersea tasks and foreseeable future undersea tasks. For convenience,
the generalized task spectrum is divided into four classes of activities,
Class I is the general search or location task; Class Il includes the
observation, surveying, and measurement tasks; Class I1I includes the
simple pickup, transport, and placement tasks; and, finally, Class 1V
represents the whole group of manipulative activities that include the
attachment, detachment, application, and excavation tasks. These tasks

are briefly described below,

® Class I: Search

The search task includes activities associisted with the
location of lost objects, wrecks, submarines, mines,
hottom features, and so foriki. The secarch/location task
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is conducted over a large area of the ocean bottom from
a moving platform with visual, acoustic, electromagnetic,
magnetic, or electric sensors.

¢ (Class II:

- Observation

The observation task entails the monitoring of activities
from a fixed platform through the use of visual, acoustic,
electromagnetic, magnetic, or electric senssors. Examples
of this task are harbor surveillance, submarine detection,

and swimmer detection.
- Survey

The survey task inciudes such activities as the inspection
of wrecks, recording via photography or sonar, and deter-
mination of general conditions of underseas structures.

- Measure

The measuremcnt task includes such activities as the
determination of bottom slope, bottom hardness, water
temperature, and water turbidity. The majority of
oceanographic data gathering activities might be
classified as measurement tasks,

® Class III:
- Pickup

The pickup task entails activities associated with the
recovery of small objects. Recovery of torpedoes, space
re-cntry bodies, bombs, and the like, requiring only
simple grappling action are simple pickup tasks.

- Transport

The transport task is simply the moving of an object from
point A to point B,

- Place

The placement task entails activities associated with the
daeployment of bottom moored mines, bottom navigation
markers, or oceanographic instruments.

111-3




T

¢ (Class IV:
- Attachment

The attachment task includes a whole range of activities--
from the mounting of a patch on wrecks, to the mounting of
lifting padeyes to recover objects, to the hooking up of
connectors, such as air hose or pipelines. The task can
be broken down into the subtasks of drilling, bolting,
riveting, hooking °'p, clamping, and so forth.

- Detachment

The detachment task includes a spectrum of activities rang-
ing from removal of sections of a salvage object, through
the clearing of lines, to the removal of marine growth from
undersea objects. The task can be broken down into the sub-
tasks of drilling, burning, hammering, chipping, scraping,
and the like,

- Apply

The application task includes such activities as the place-
ment of foam for the flotation of wrecks and the applica-
tion of paint on undersea structures.

- Excavate
The excavation task includes such activities as trenching,
tunneling, coring, and dredging.
Each Navy undersea mission and operation defined in Table II-3 has
an associated set of tasks. These mission/operations and task relation-
ships are given in Table I1II-1. The X's identify tasks associated with
each subdivisien of a major operation, e.g., small object or large object
recovery, within the overall functional operation heading of recovery.
All tasks associated with an overall functional heading, such as "Recovery,”

"Facilities Installation,” or 'Salvage" are shown in the shaded rows.
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NAVAL UNDERSEA MISSIONS, OPERATIONS, AND ASSOCIATED TASKS

Table III-1

Class | Class Fl:ss Class
I 11 111 1V
Generalized E
Task [}
Spectrum 2
&
costela. §ab.l .2 253
o -~ & 08 E ~ g am Q8 [RR-EE =N
& o288 REEEEZESR] 85 8225
Undersea & w AmUERoO®E - 9_.1:-/
. + N, s’ ——
Missions and S v - k 8
Operations 3] l:: % :‘5 g' §' [} ﬁ 'S Py g
I A E . J 23 | §
s |8|a[E[E[ER| % g 52| &
Surveillance ’ j
Landing beach area X[X X{X|x
Enemy harbor X|X X|X}|x
U.S. “arbor protection X|x X|x|x
Inshore USW X[Xx X{X|x
USW all ranges &k depths X|Xx X[x|X
Reconnaissance
Beach area X X{X|X]|X|X
Enemy harbor X KIX|X[X{X
Mining environment X XjX|xj{xjx
Mining
Mine hunting and countermeasures X X|X XX
Mine plants X|x
Disarm mine X X X
Interrogate mine fields X XX
Navigation Surveys
Recovery
Small object X X X|x
e Torpedoes X X XX I
» Nuclear weapons X X X[x |
¢ Space hardware X X X)X l
Large object X X{X|X|xjx X X X X
Facility Installations
Sonar array (align & repair) X{X|X]X|x X X X
Bottom mounted ULM X|Xjx|x|x X X X X I
Navigation markers X{X[X{X{X ]
Cable lay.ng & inspection Xlxix]x|x X .
Genera) construction X|X]x|x]x X X X X
Salvage
Ships X X|XjXixjxi{x X X X X
Aircraft I x Ixfx]x{x]x]x X X X x |
Repairs [I I
In purt (wet dock) ﬂ X X X I
Underway X X X
Suppurt
Oceanographic data XIX|XIX|x|{Xx X X X X
Sub rescue personnel X X1X XX X X X b
Underwater logistics X X{Xxjx X X

Habitat Development H

- Undersea mission sreax
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IV UNDERSEA WORK SYSTEMS

A. General

The growing interest and concern with the exploration of the oceans
and the exploitation of ocean resources have resulted in the evolution
of a spectrum of systems for accomplishing undersea tasks. These under-
sea work systems are separated into two distinct classes in terms of how
man can be utilized in the system. The first system category employs
techniques that place man in the ambient pressure environment and enable
him to achieve direct contact with his working environment. These ambient
pressure systems, referred to as "MAN-IN-THE-SEA" or "Wet' systems, are
the focal point of this application study. The second system category
employs techniques that enable man to conduct undersea operations in a
normal atmospheric pressure environment. The atmospheric environment
is provided through the use of a protective pressure vessel or through
the location of a man on the ocean surfacc who operates a remote controlled
device. The atmospheric systems, referred to as the "Shirtsleeve' or
"Dry" systems, are alternative techniques in accomplishing underwater

work whereby man is not exposed to the hazards of the ambient pressure

environment.

The various options within each major undersea work system category
are delineated in this section, together with a summary description of
their characteristics. More detailed descriptions of the MAN-IN=-THE-SEA
systems and the alternatives to MAN-IN-THE-SEA systems are provided in

Appendix B.

Iv-1

R

"k Gk o




B. MAN-IN-THE-SEA Systems Options

A wide variety of configurational options is possible in integrating

MAN-IN-THE-SEA components into an undersea work system. The selection

of a particular configurational option is governed by the specific work

site environment and task requirements. Seven generalized systems were

configured to provide baseline systems for this study. These systems are
categorized in terms of the support components employed in the system,
i.e., surface ship support or submarine support. The seven options of
MAN-IN-THE-SEA systems are listed in Table IV-1, together with the iden-

tification of the principal components that make up each option. Each

of the options is illustrated and described in Figs. IV-1 through IV-7.
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DIRECT SURFACE SUPPORTED SYSTEMS

FREE
HARD HAT HOOKA SWIMMING
L J MAN

—v
TETHERED MAN

FIGURE IV-1  MAN-IN-THE-SEA SYSTEM OPTION |

The most familiar torm of a MAN-IN-THE-SEA system s the tethered or free swimming man operaung directly
from a surtace support plattorm. The three specific forms of DIRECT SURFACE SUPPORTED SYSTEMS are
described 1in the tollowing:

The Hard Hat diver, tethered 10 a breathing gas supply on the suiface ship, 1s the earhest form of the MAN-
IN-THE-SEA system. The aversge diving depth tor compressed air dive 1s 150-200 t1, the [imit being established
by 1ndividua! susceptibility 10 nitrogen narcosis. Workmg dives 1o 300-350 tt can be accomphished w:ih the use of
a helium-oxygen mixed gas supply. The time himit 1s established primanily by the physical endurance of the diver
The primary tunctionsl limit ot the tethered hatd hat diver s his mobr'ity and maneuverability

The Free Swimming diver overcome< the mobility and maneuvesability constraints of the hard hat diver. However,
a compromise 1s made on diving dutation.  Teme constrants ate established by the hinuted hfe support stores
that s diver can canty and his dependency upon the particular breathing system used. Standard open cycle air
SCUBAs have a limited depth-time function. Clo<ed cycle oxygen rebreathers are limited by oxygen toxicity (G
use abowve 33 ft, however, they possess tme and covertness advantages over the open st SCUBA.  Semiclosed
mixed gas SCUBASs enable greater depth-tume capabihity than erther of the tvso systems mentioned above. An ad-
vanced closed cycle mixed gas system capable of 4-6 he a1 600 {1 has just been .ntroduced that overcomes many of
the present day free swimmes lrmitations.

The Tethered Swimmer (Hookas) 15 4 comp -muse solution to the mobulity constrainis of the hatd hat diver
and the uime consttainty of the tree swimmer The tethered swimmer 15 supphied Dy sutface breathing gas
stortes of compressed sir or Mexed gases

All Hiree forms of the direct surtace supporty § systems described asbove use the techmique of astent goconynassion
Thar s, the diver i requited 10 remain in the water ot predetermined depth stages and durstions duning aicent
Decompression facilities gre on hund for emergency pulposes
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AUGMENTED SURFACE SUPPORTED SYSTEMS
— PERSONNEL TRANSFER CAPSULE

) - PTC

FREE
SWIMMING
MAN

TETHERED MAN

FIGURE V-2 MAN-IN-THE-SEA SYSTEM OPTION Il

The tirst category of AUGMENTED SURFACE SUPPORTED SYSTEMS i1s one that uses the personnel transfer
capsule (PTC) tugether with a deck decompression chamber (DDC)*. The PTC serves a diving team as the transfer
elevator to and from their underwater work site while maintaining a required pressurized breathing environment of
compressed air or mixed gas. The PTC can be used in two ways. In its principal use, the Capsule carries divers to the work
site or to the spot from which diver excursions will be made. The capsule maintains the diver in an air or mixed gas
aur.osphere that has a gas pressure equal to the sea water pressure at the diver's destination depth. At the destination
depth a diver may ieave the capsule through 8 lower lock. The diver may operate out of the PTC on a tether that
supphies breathing gas for long work periods, or he may use self-contained equipment as an untethered swimmer.

The PTC can also be used as a diving bell, with atmospheric air at surface pressure environment (14.7 psi). The
PTC 1s used for observation and inspection of work or work site. |f inspection establishes that divers are needed, the
PTC can then be pressunzed to ambient pressure and divers deployed for in-water work. There are major economic
advantages to this way of using the PTC.

The DDC provides a pressunzed environment aboard the surface support ship compatible with the ambient pressure
condition of the work site. An entrance lork provides a pressure connection between the DDC and the PTC, allowing
transter of divers while maintaining their pressurized environmental conditions. In addition to 1ts decompression function,
the DDC also provides the function of a habitst for multiple dive operations. That 15, the diver can make many
trips between surface and work site without the need for decompression alter each dive. He 1s maintaired at work
site ambient pressure in the DDC.  Only uri¢ decompression cycie 15 needed after completion of the multiple dive
opetation. The terms “bounce dive'’ and ‘‘subsaturation dive’” have been apphed to the 1echnique of decompression
after each dive. The term “saturation dive’ s used to refer 10 the technique of g single decompression cycle after a
long term muluple dive ogeration.

*A more detailed dexription of the use of PYC and DOC s presented in Append:x B

Iv-5




AUGMENTED SURFACE SUPPORTED SYSTEMS
-—— PERSONNEL TRANSFER VEHICLE

FREE
SWIMMING
MAN

PTV

TETHERED MAN

FIGURE 1V-3  MAN-IN-THE-SEA SYSTEM OPTION 11|

Tr.* second category of AUGMENTED SURFACE SUPPORTED SYSTEMS uses the personnel transfer vehicle,
1ogether with 3 deck decompression chamber 'ODC). The PTV s used in the same manner as the personnel transfer
cupsule (PTC) described 1n the preceding system. The PTV has the advantage of horizontal movement over the PTC
0 its diver transfer and support funcuions. There are a number of operating vehicles today that have the diver delivery
{lock-out) capability, specifically, the Ocean System, Inc., OEEP DIVER; the North American Rockwell, BEAVER
MARK IV (ROUGHNECK); and the Lockheed, DEEP QUEST, to name a few. The common feature of all PTVs
15 the use ol an atmospheric pressure compartment and a diver lock-out compartment. The vehicle pilot and/or »

technical observer operates (rom the atmospheric pressure compartment. The divers are transported in the lock-out
compariment.*

The tiexibility of this system lies in the fact that the decision 10 use divers can be delayed until a thorough inspection
v conducted and 3 work plan s developed 10 an atrmosphernc condition. Then without delay, divers can be deployed to do

the work. The scheme eliminates unnecessary exposure of divers to ambient pressure with the sccompanying long
and costly decompression cycles.

*A imore detgiled descrsption of the PTV 4 presented 1n Appendix B
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AUGMENTED SURFACE SUPPORTED SYSTEM

— HABITAT % N

r
ccl
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PTV
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UNDERSEA TETHERED MAN
HABITAT

FIGURE IV-4 MAN-IN-THE-SEA SYSTEM OPTION IV

The thied category of AUGMENTED SURFACE SUPPORTED SYSTEMS employs an undersea habitat located at the
work site. The habit:t provides the hiving quarters from which men can make excursions to the job site. The habitat
maintans an ambient pressure environment, utihizing the required gas mixture for the spe.ific operating depth (air or
helium-nitrogen-oxygen mixtures). The use of the undersea habitat provides prolonged undersea work capability by:
(1) capitahizing on the unique capabilities of saturation diving techmiques, 1.e., the improved ratio of on job time vs

decompression ume, and (2} reducing the depsridence on surface support, which enables urninterrupted work 1n rough
weather conditions.

In operation the habitat would be transported to the job site and emplaced by the surface support ship. Personnel
could ride the habitat to depth or they could be delivered to the habitat by the personnel transfer capsule or the
personnel transier vehicie. After completion of the work cycle personnel sre returned to the surface via the PTC or
PTV and decompressed in a decorpression chamber on the surface support ship. Tha personnel can also remain in the
habitat and be decompressed 1n the habitat during recovery. The combined use of the habitat as a decompression
fac:lity has evolved a system referred to as the MOBILE HABITAT concept.

Examples of augmented surface supported systems are the U S. Navy SEALAB systems, the TEXTITE system*®, and
the MOBILE HABITAT jsystem of Makai Range, Inc

*See Appendix B
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DIRECT SUBSURFACE SUPPORTED SYSTEM

FREE
SWIMMING
MAN

TETHERED MAN

FIGURE IV-5 MAN-IN-THE-SEA SYSTEM OPTION V

The DIRECT SUBSURFACE SUPPORTED SYSTEM s one in which personnel are deployed and supported from
a submarine platform. The most famifiar form of this system s the deployment of underwater demohtion teams (UDY)
from submerged submarninus. An example of the system 13 ths completed conwersion of the guided missile submarine,
USS GRAYBACK, into a swimmer transport and support submarine. The submarnine 13 contigured for the deployment
and recovery of swimmers while submerged through the use of » “lork-out” compartment. The submarine 15 provided
with a decompression charmber. [n operation, personnel can be deployed in the free swimming or the tethered mode
(see Figure 1V-1, MAN-IN-THE-SEA System Option 1),
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AUGMENTED SUBSURFACE SUPPORTED SYSTEM ~— PERSONNEL TRANSFER VEHICLE

ﬁ FREE
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FIGURE IV-6 MAN-IN-THE-SEA SYSTEM OPTION VI

The tust category of AUGMENTED SUBSURFACE SUPPORTED SYSTEM uses the personnel transfer vehicle
(PTV) as an suxibary support platform. The primary purpose of the PTV 15 to provide support of personnel where

the larger suppor: submarine may pe constrained, e.g., maneuvering space and waty depth. The PTV will be transported

snd depioyed fiom the submarine.

will contan the required decompression facihities,

I1v-9

Personnel can operate from the PTV in the free swimming ur tethered mode as

deicribed for the surface supported system (swe Figure 1V-3, MAN-IN-THE-SEA System Option (11}, The submarine

i R AR 500 7 o il o 4



-

AUGMENTED SUBSURFACE SUPPORTED SYSTEM —— HABITAT
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FIGURE IV-7 MAN-IN-THE-SEA SYSTEM OPTION VI

The second cotegory of AUGMENTED SUBSURFACE SUPPORTED SYSTEM uses an undersea habrtat. The basic
concept o stmilar to the surlace supported system descnibed in Figute V-4, MAN-IN-THE SEA System Option 1V,
with the exception that a ubmanine 1 used 10 Lamport, emplace, and sup port the undmses habitat  The use cl an
auntiary persunnel tramter vehicle (PTV) s poss:ble  In operation, the suamanse wedl tampart the hibitat o ine jobr
Mt arwd emplace the Bobitat  The subimanine can then feave the habitat and cetust for resupply | angd imally | the recowety

ot the halntat and work team  The submarnoe waill be fitted wth the reguited decompression faohities
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C. Alternatives to MAN-IN-THE-SEA Systems

Basic alternatives to MAN-IN-THE-SEA systems include: (1) manned
free swimming vehicles, (2) manned tethered vehicles, (3) maunned fixed
bottom stations, (4) unmanned free swimming vehicles, (5) unmanned
tethered vehicles and (6) unmanned fixed bottom stations. The manned
free swimming vehicles constitute the largest group of alternatives to
MAN-IN-THE-SEA concepts. More than 30 manned submersibles have been
developed in the United States by the Navy, other governmental agencies,

aud commercial operators,

The six basic alternatives can be deployed and supported by surface
support platforms or submersible support platforms. Current operational
systems are predominantly the surface support types. In addition to
surface and mobile submersible support platforms, many of the systems
can be deployed from the manned fixed bottom habitat. The current status
of the basic dlternatives~--operational, research and development, or
conceptual--as it relates to the three support components, are summarized

in Table 1V-2.
Examples of each of the basic alternatives are described in Figs.
IV-8 to 1V=-13, These examples represent a small sample of a wide variety

of technical approaches within each category of basic alternatives. The
exanples serve as reference systems for the ensuing comparative analysis

studies in Sections V and VI.
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V  FUNCTIONAL COMPARISON OF ALTERNATIVES

A. General

The functional comparison of alternative systems available to
accomplish undersea tasks is directed towards answering the following
questions:

1. What are the anique capabilities of the MAN-IN-THE-SEA sys-

tems as compared with alternative means of accomplishing
undersea tasks?

2. Which Navy undersea missions have essential tasks that require

the unique capabilities of MAN-IN-THE SEA systems?

The approach taken to answer the fundamental questions posed above
was as follows: First, a set of performance criteria on which to base
the functional comparisoa was defined. Second, identification was made
of the functional requirements for each defined mission and operation.
Next, a comparative analysis wax conducted to identify the unique capa-
bilities of MAN-IN-THE-SEA systems. And finally, the missions and opera-
tions with associated tasks that require the unique capabilities of MAN-

IN-THE SEA systoms were isolated.

B. PFPerformance Criteria

Ten basic criteria were choscen for evaluating functional performance
in this study. Those critoria are used here 1o provide a general state-
mont of functional performance requirementsg, that is, a deiinition of
capabilities required to perform the undersea missions and operations.
These same criteria ure used as the basis for defining the capabilitios
of MAN-IN-THE-SEA systoms and alternativoes. Finally, the defined func-

tional performance requirements and alternative capabilities stated in




terms of these ten basic functional performance criteria are used for

the comparative analvsis of alternatives,

The ten basic functional performance criteria arce: depth, time,
mobility, load carrying, maneuverability, manipulation, secnsing, cogni-
tion, hardness, and convertness. The first two--depth and time--have becen
the primary performance criteria used in the past to assess and select
alternative systems for mission performance. However, in the analysis
conducted during this study, simple, depth-time statements of require-
ments and capabilities were not adequate, as will become clear in the
comparative analysis. Each of the defined basic performance criteria

and its major considerations are given in the .ollowing:

Depth. The depth criterion is concerned with: (1) the mean
depth requirement for projected functional operation, (2) the
the maximum depth capability of an alternative system, and
(3) the excursion depth requirements of an operation and the
excursion depth capability of alternative systems, Etcursion
depth means the depth range variation about the required mean
operating depth and the depth range capability of alternative
systems,

Time. The time c¢riterion is concerned with, 1 the time re-
quired 1o complete a projected functional operation, and ‘2) the
reaction time requirement and the reaction time capability of
alternative systoems, The reaction time is the time required to
move from staging point to job site,

Mobility. The mobility criterion is concerned with: (1) the
speod of motion required to compleote a projocted functional
operatjon and the speed capability of the alternative system,
and {2) the range coverage requived to complete a projected
functjonal operatjon and the range capability of the alteraative
systems., In some ianstances, speed-range critoria might be com-
bined to form the single critorion of endurance requirement of
capability. In addivion te the spoed criterion, which generally
refers to horizontul motijon, it is necessary to add the vertical
rate of motion ax a mobility criterion for the stutement of re-
quiremonts and capabilities.
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Load Carrying. The load carrying criterion is concerned with:
(1) the size and weight of the object that must be transported
to satisfy a projected functional operation, and (2) the size

and weight that alternative systems are capable of carrying.

Maneuverability. The maneuverability criterion is concerned
withs (1) the access limits associated with a projected func-
tional operation and the ability of a system to reach tight
spaces, and (2) the degree of freedom available in each of

the alternative systems.

Manipulation. The manipulation criterion is concerned with all
motions and applied forces that are associated with hand, arm,
and shoulder actions of man in accomplishing work. A represen-
tation division of manipulative criterion is the statement of
degree of skill required to accomplish a given task. For the
purposes of this study manipulative measures are divided into
minimum, moderate, and complex skill levels.

Sensing. The sensing criterion is concerned with: {1) the
visual, acoustic, electromagnetic, and tactile senses required
to accomplish functional operations, and (2) the capabilities
of alternative systeins for meeting these requirements.

Cognition. The cognition criterion refers specifically to:
(1) the cognitive skills required to make an on-site assessment
of a given functional operation, and (2) the on-site assessment

capability of the alternative systems.

Hardness. The hardness criterion is concerned with: (1) the
resistance requirement to hazards, such as explosion, nuclear
radiation, temperature, and marine life during the accomplish-
ment of projected functional operations, and (2) tiie resistance
capability of alternative sysiems to hazards.

Covertness. The covertness criterion is concerned with:

(1) the required resistance to detection by visual, acoustic,
magnetic, and electrical sensors during the accomplishment of

a projected functional operation, and (2) the ability of alter=
natives to avoid detection by the various sensors.

C. Performance Requirements

The mission, operation, and generalized tasks relationships are the
basis for the development of the performance requirements matrix shown

in Table V-1. The performance requirements shown in this table are

o
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Table V-1

MISSIONS, OPERATIONS, AND FUNCTIONAL REQUIREMENTS MATRIX

Planning Objectives

1, 4,10 13, 18
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17 @ Bottos mounted ULM 2000 D
¢ Navigetion markers 2000 H
@ Cable laying and inspection d H
@ General conatruction 2000 D
2 1 35* Salvage
¢ Ships 2000 /]
¢ Atrcreft 2000 o
1 3 Repeirs
e In port 100 b
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3
2 3.'1‘. Support
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¢ gub rescue personnel < 800
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Table V-1

NS, OPERATIONS, AND FUNCTIONAL REQUIREMENTS

MATRIX

H = hours Functional Performance Requiremente
- b
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Table V-1 (Concluded)
MISSIONS, OPERATIONS, AND FUNCTIONAL REQUIREMENTS MATRIX
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subjective estimates of future requirements. They are qualitative
statements that tend to set the boundaries for requirements rather than

specific quantitative statements of those requirements, The latter can be

arrived at only through a comprehensive mission and functional operations

analysis. Such a comprehensive analysis of each operation was not deemed

necessary in this study.,

In relating the missions and operations to a particuluar subcategory
of the performance requirements, some general interpretations were made
of the particular requirements of depth, travel time, duration of opera-
tion, speed, range, endurance, object size, and object weight, In all
other descriptions of performance requirements, a check in the appropriate
row and column of the Operation and Performance Requirement Matrix indi-
cates only that the particular operation is supported by the indicated
functional requirement. Such requirements as travel time and mission
duration time are estimated to be in the order of hours or days. Speed
and endurance requirements are estimated on a graduated number scale,
where 1 is very important to success, 2 and 3 are less important, and
4 is very unimportant. Range is estimated in two ways: (1) the range
is less than 100 nautical miles (nmi) or (2) the range is relatively
short, i.e., the operation is independent of range. Reference 1%
provides an assessment of ranges under 100 nmi for particular strike
warfare opcrations in those world areas where reconnaissance and sur-
veillance are more probable. Using these rarges, it was computed that, in
80% of the arcas, the range from the 33-fathom line (200 ft) to the beach
is 40 mi . or less. In 50% of the areas, 10 nmi or less is the range to
the 33-fathom line. With respect to the object weight and size under
load carrying ability, only two categories for estimated weight are used:

small, which is 5 tons or less, and large, which is 10 tons or greater.

Sce Scction V]I for references.
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D, Comparative Analysis

The spectrum of available undersea work system alternatives described

in Section IV serves as the basis for the comparative analysis of system

capabilities, Since the described system alternatives reflect current

capabilities, whercas this study addresses the 1975-85 era, the project

team had to project the future capabilities. Therefore, in the compara-

tive analysis that follows, current R&D efforts are reviewed briefly and

their effects on future systems capabilities are assessed.
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DEPTH CAPABILITY

Summary

Even by the most optimistic estimates, the depth capabil-
ity of MAN-IN-THE-SEA systems is very limited relative to
that of alternative work system approaches. Conservative
estimates of man's physiological depth limits are 1,250~
1,500 ft. The most optimistic estimates place the limit
at about 3,000 ft,

Technological and physiological factors limit the depth an un-
shielded man can reach (see Appendix B). There may be some psycholog-
ical limits as well, but they are considered to be secondary in impor-

tance,

The principal technological factors affecting man's depth capability
are: (1) the limitations in life support equipment, and (2) the limited
ability to control and monitor critical mixed gas breathing atmospheres.
The first limitation constrains the depth that a free swimmer can reach
and still have sufficient endurance to accomplish useful work. The
present solution to this limitation is the use of the tethering technique,
in which man is connected by a hose to a larger gas supply on the surface,
on a vehicle, or in a bottom station. The problem of limited gas supply
might be overcome by such concepts as cryogenic gas storage and the ex-
tracticn of oxygen from seawater (artificial gills). Development of im-
proved gas analysis techniques would overcome the second technological

limitation on depth,.

The physiological factors that limit the depth to which man can
descend stem from the indirect and direct effects of hydrostatic pres-

sure. The principal indirect offects of pressure are incroased gas
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density, oxygen toxicity, and inert gas toxicity effects in breathing.

A< g~s density increases with increased pressure (depth), the effort
required to breathe increases proportionally., It is quite conceivable
that this effort would be equal to a significant amount of man's work
output. A technological solution to the gas density problem would be

to provide a breathing pump or active ven:ilation assistance. While the
biochemical effects that lead to oxygen toxicity are still not clearly
understood, they can be minimized by careful control ot the oxygen con-
tent in the breathing environment. This control is a technological fac-
tor mentioned earlier. As with oxygen toxicity, the exact biochemical
effects resulting in inert gas toxicity are not understood. The current
solution to reducing the effects of inert gas toxicity is to use multiple
gas mixtures, helium-nitrogen-oxygen, and even hydrogen in the breathing
mixtures. The fluid breathing concept currently being explored is a very
intriguing solution to the inert gas toxicity problem. In this concept,
oxygen enriched fluid is used to fill the lungs, this climinating the
need Jjor inert gas. While this concept is still in a very carly research
stage, successful tests have been made with nnimnls.* The dirccet ceffects
of pressure on the cellular structure of the human body also limit the
depth that man is able to endure. Although data are not availuble on
human cellular toleraance to pressure, some effects of pressure on human
skeletal structure have been indicated, and some early experiments on
animals have indicated that pressuro affects the central nervous system,
Loosenoss of joints at depths exceeding 500 ft has beon reported; divers'
arms and legs &lip out of joint rather casily at these dopths., At dopths

greater than 1,000 ft, there appear to he some effects on the cellular

*
Recont unconfirmod reports indicate that human volunteurs have heon

used in successful experiments in which half the lung was filled with
fluid.

V-12




structures, It has been demonstrated that the direct effects of pressure
include: (1) failure of cell division, (2) failure of ameboid movement,
(3) inhibition of biological luminec icense, and (4) inhibiiion of growth
of bacteria. Bacterial growth is inhibited by the pressures at 1,000 ft
of seawater. To date, man has reached a depth of slightly over 1,000 ft.
It is important to note that there is no information on the long term
effects of inhibited bacterial growth at .hese depths. Conservative
estimates of physiologists who have worked with diving technology place
man's depth limit from 1,250 ft to 1,500 ft. The most optimistic esti-

mates place the 1limit at about 3,000 ft.

In addition to the maximum depth limit, a diver is limited in his
ability to vary depth during the work cycle. This limitation is imposed
by the need for decompression (see Appendix B). The actual excursion
depth limit during a working dive is still not well defined and is being

investigated by physiologists.

Compared with MAN-IN-THE-SEA concepts, even the current operating
vehicles have exceeded, by a factor of 2, the most optimistic estimate
of unshielded man's depth limit. In many cases, the depth that a vehicle
system can achieve is limited only by economic considerations. With the
exception of the BEAVER MARK IV--which was designed to satisfy the re-
quirements of off-shore oil operations and is capable of achieving only
a depth of 2,000 ft--most free vehicles are designed for depths around
6,000 ft. A € 000-ft depth capability allows these vehicles to reach
about 30% of the ocean's bottom. Vehicles that are capable of penetrat-
ing the deepest ncean depths are in existence, and more advanced and
versatile vehicles are being designed and constructed. Tethered vehicles,
such as MOBOT, are generally limited by tether length. An advanced design
CURV {8 being devsloped that can approach 6,000 ft,
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TIME CAPABILITY

Summary

Time capability of MAN-IN-THE-SEA concepts is comparable
to the vehicle oriented systems with the following quali-
fications. More must ne known about the long term physio-
logical effects of high hydrostatic pressure. Water
immersion time for MAN-IN-THE-SEA should be unlimited if
adequate protective dress can be provided; this factor
does not appear to be a technological limitation,

The time capubility of MAN-IN-THE-SEA concepts is described in terms
of total bottom time and water immersion time. Since the development of
the saturation diving iechnique the time a man can stay in ambient pres-
sure, i.e., the bottom time, has incrcased by several orders of magnitude.
A primary objective of research efforts, such as the Navy's SEALAB opera- ;
tions, is to determine the cxact length of time that man can exist in a
hydrostatic pressurec environment, Long terms effects of prolonged ex-

posure to high hydrostatic pressure are practically unknown at this time.

. - e

In the few experiments to date, no i1l effects hava been apparent. The

PR

depth-time relationships of long term undarsea habitation experiments,

both completed and planned, are summarized in Fig. V-1l.

Water immersion time refers to the length of time a diver actually
sponds in the water, which is limited primarily by water temperature and

the effects of water on human skin. The first, the effecte of water

temparature, can be avoided by providing heated diving suits for divers.
A nuclear-isotope powered, hot water heated suit will be tested during
the SEAIAB 111 operations. There should be no water immersion time limit
for a diver who is provided with a heated suit. The effects of prolonged

water immorsion on human skin is undor study. Although no data on
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e

immersion limits have been found, it would appear that man's capability

to withstand immersion couid be enhanced by surrounding him with a

protective fluid,

In comparison, it would appear that the time capability of MAN-IN-
THE-SEA concepts is comparable to the vehicle oriented systems down to
depths approaching 600 ft. More must be known, however, about the long
term effects of pressure at greater depths. Immersion time for the un-
shielded man should be unlimited if adequate protective dress can be
provided; this factor does not appear to be a technological limitation.
The operating time of free vehicles is limited by life support and power
source endurance capabilities. The primary constraint is in the endur-
ance limitation of conventional power sources. A compact nuclear power
package wnuld eliminate current vehicle endurance limits. Similarly,

fixed bottom habitat is power source limited.
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MOBILITY CAPABILITY

Summary

The alternatives to MAN-IN-THE-SEA systems have a dis-
tinct mobility advantage,

A comparison of the mobility of free swimming man and free swimming
vehicle systems is shown in Fig. V-2. The shaded area in the figure
identifies the speed-range capability of a free swimmer propelled by
swim fins and carrying life support equipment equivalent to the size of
three, 72-ft3 capacity SCUBA tanks. The upper bound is the endurance
capability for a trained athelet. The curve is generated from data pub-

lished in Ref. 2. 1In comparison, the published speed-range capability

RANGE — nmi
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of BEAVER MARK IV and ALVIN are indicated in the figure. The vehicles
have a distinct advantage over man. Furthermore, since man's speed-
range capability is limited by a physical constraint, whereas the vehicle
capabilities are limited by power source technology, the gap between man

and vehicle capabilities will increase,.

The movements of the tethered man and the tethered vehicles are
constrained by the tether. 1In comparison, however, the tethered vehicles
have a distinct mobility advantage over the tethered man because of the

propulsion power available to vehicle systems.
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LOAD CARRYING CAPABILITY

Summary

On the basis of the in-water weight of loads that must
be picked up and transported, vehicle oriented systems
will always have an advantage over the man,

A rough estimate of load carrying capability is 20 1lb for a man and
2,000 1b for a vehicle, making the vehicle advantage over man a factor
of 100, If the comparison is made on the basis of using buoyant 1lift
devices, the vehicle will again have the advantage. This latter advan-
tage is due to the mobility advantage of the vehicle system over the man

in transport of a load supported by buoyant 1lift devices.
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MANEUVERING CAPABILITY

Summary

MAN-IN-THE-SEA systems have the advantage over alterna-
tive systems in maneuvering capability.

Man's maneuvering capability advantage over the vehicle oriented
systems is compared in terms of: (1) the frontal cross sectional area,
which is indicative of a system's ability to enter limited access spaces,
and (2) the turn radius of the system, which is indicative of a system's
ability to maneuver around congested structures. Figure V-3 shows the
comparative relationships between MAN-IN-THE-SEA and the spectrum of sys-
tem alternatives. Clearly, vehicles, manned or unmanned, cannot approach

the compactness and agility of man in accomplishing undersea tasks.
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MANIPULATIVE CAPABILITY

Summary

MAN-IN-THE-SEA systems have a manipulative capability
advantage over alternative systems utilizing mechanical
manipulators. The advantages are expressed in terms of
the dynamic range of man's manipulative capability, his
flexibility in handling unexpected manipulative task
requirements, and his reliability in task performance,.

The comparison of manipulative capabilities of man and mechanical
manipulators on vehicles is made difficult by the lack of clearly defined
per formance measures. There is no quantitative measure of dexterity,
nor is there a clear-cut definition of manipulative success or failure,
Furthermore, the comparison is complicated by the availability of a wide
range of diver tools and mechanical manipulator terminal devices. The
comparison made in this study, therefore, is a very general assessment

and results in a qualitative statement of manipulative capability.

As the basis for comparing the capabilities of man and mechanical
manipulators, the level of manipulative skills required to accomplish
specific undervater tasks was defined as shown in Table V-2, A review
of available data on diver manipulative performance was conducted and
the results are reported in Appendix B. Available descriptive data
concerning the capabilities of underwater mechanical manipulators also
rere reviewed, and a summary is provided in Appendix C. The following
conclusions were drawn from the comparison of man and mechanical manipu-
lators:

1. Manipulative tasks that require minimum manipulative skills

can be accomplished equally well by man and mechanical
manipulators,
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Table V-2
SUMMARY OF REQUIRED MANIPULATIVE SKILLS

Degree of

. Manipulative Skill Required
Manipulative Tasks

Minimum Moderate Complex

Cutting

e Sawing
e Shearing

e Burning

¢ Pyrotechnics

Torqueing

Hammering

Drilling

Punching

Stud driving

e Riveting

e Fastening

Sealing

e Crimping

e Vacuumizing

Welding

Coring

Caulking/coating

Guiding/positioning

Connecting/disconnecting

De-embedding

e Raising

e Dislodging

e Excavating

Source: Ref. 2
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2. Manipulative tasks that require moderate manipulative skills
can be accomplished by man and by a mechanical manipulator
if the latter is "given enough time." On the basis of very
little data, it is estimated that mechanical manipulators
will take 10 to 100 times as long to accomplish a task, de-
pending on its complexity. For example, a simple connecting/
disconnecting task might take a man 5 seconds to accomplish,
whereas a manipulator will require a minute; a more complex
bolting task might take a man 10 seconds and a manipulator
5 minutes.

3. Manipulative tasks that require complex manipulative skills
can be accomplished only by man,
For a further comparison, the tools and terminal devices available for

accomplishing underwater tasks are listed in Table V-3.

Additional important manipulative advantages of man over the mechan-
ical manipulators are the dynamic range of man's manipulative¢ capability,
his flexibility, and his reliability. Dynamic range refers to the size
of jobs a man can handle. For example, a man can easily manipulate
objects smaller than 0.1 inch to objects up to sizes measured in feet.
Various sizes of mechanical manipulators are generally required to handie
the range of objects that one man can handle. Flexibility refers to the
range of jobs that a man can handle. For example, one man can use an
unlimited range of tools compared with the mechanical manipulaters
(Table V-3). Furthermore, man has the flexibility to use improvised
*~o0ls on the job site when an unexpected situation arises, whereas mechan-
ical manipulators with specialized torminal devices arc not as flexible,
Reliability refers to the ability of accomplishing a xpocific manipula-
tive task without error, for example, dropping components such as nuts,
bolts, and even tools, during a job. Although reliability is somewhat
difficult ‘o measure, it i: gonerally agreed that man ie a much more

rcliable manipulator than mechanical devices.
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Teble V-3

AVAILABLE HAND AND MECHANICAL MANIPULATOR TOOLS

Tools
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SENSING CAPABILITY

Summary

The principal sensory advantage of MAN-IN-THE-SEA systems
is the availability of man's tactile senses. The visual
capability of man in the water (see Appendix B) and that
of man in a vehicle are comparable. Because of the larger
payload capability of vehicles, which permits the use of
acoustic and electromagnetic sensing devices, the vehicles
would normally have the advantage in sensory capabilities.
The hearing of man in the water shows some spectral degra-
dation, and at higher frequencies (above 3,000 Hz) there
is a complete loss of sound localization capability.
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COGNITIVE SKILLS

Summary

In the undersea environment the cognitive skills of un-
shielded man show some degradation, which is attributed
to inert gas toxicity and to some extent, to stress im=-
posed by the hostile ocean environment. If inert gas
toxicity problems can be resolved through the use of
advanced diving techniques, such as fluid breathing,
the cognitive skills or on-site assessment capability
of unshielded man could be equivalent to that of a man
in the protective shell of a vehicle,

V=31

Preceding page bank




HARDNESS

Summary

With respect to hardness, the vehicle oriented systems
have the advantage over the MAN-IN-THE-SEA systems for
protecting man from mechanical (explosions), radiation,
temperature (cold), and marine life hazards.

One defense against the covert operations of the underwater swimmer
or a small submersible is the use of explosive charges in the suspected
area. The degree of damage or protection can be related to the vehicle

and swimmer with the peak overpressure versus range diagram shown on

Fig. V-4,

Figure V-4 represents the peak overpressure in pounds per square
inch (psi) as a function of range (R) from a TNT charge. Curves repre-
senting the pressure from charge weights of 10, 100, and 1,000 1lb are
provided. The static pressure at various depths corresponding to the
peak overpressure in psi is indicated by the heavy horizontal lines

drawn for a depth of 200, 400, 800, 1,000, 2,000, 5,000, and 20,000 ft,

respectively.

If an underwater swimmer is susceptible to a dynamic overpressure
of 200 psi, or if any equipments outboard of a small submersible are
designed to operate no lower than 400 ft, then, according to Fig. V-4,
a 10-1b TNT charge within about 120 ft, or a 100-1b charge within about
250 ft, will provide protection or vulnerability, depending upon which

is required.

It has been stated without any supporting reference or data that
the lethal range from an underwater explosion is where the peak over-

pressure exceeds 200 psi, i.e,, 50% of the time the underwater swimmer
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will be killed. This 200-psi curve is the dashed curve on Fig. V-4.
From these it is evident that 10-1b charges deposited within 100 ft
would provide good defense against the swimmer. One can also estimate

the lethal range (RL) with charge weight (W) as follows:

R = 44 W

where:

RL = lethal range in ft

w

charge weight in 1b of TNT,

Another example from Fig. V-4 is the following. If a small sub-
mersible designed to operate at a depth of 1,000 ft is operating near
this limit, a 10-1b charge at this depth exploding 150 ft away will

create approximately a 150-psi peak overpressure, maybe enough to fail

the structure. This too is a definite type of defense or vulnerability.
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COVERTNESS

Summary

A free swimming man has the advantage in covertness be-
cause of his small size and the availability of equipment
to minimize visual, acoustic, magnetic, and electrical
sensors, The equipments associated with the tethered man
make this system's covertness factor comparable to t':t
of the entire range of vehicle oriented systems.

Passive Acoustic Detection

The small submersible is comparable to a very small battery operated
submarine. Except for the NR-1 (nuclear) most all other small submers-
ibles are powered by electric motors. The primary source of noise will
be motor, gears, and propeller, assuming no external noise sources and
no onboard equipments transmitting noise through the submarine structure.

The noise from the propeller, when cavitating, will probably dominate.

Measured noise levels from small submersibles are not available.
However, it is reasonable to relate torpedo noise spectrum data with
estimated small submersible noise spectrum levels, and then compare these
spectrum levels to larger battery-operated conventicaal submarines, This

provides relative spectrum levels for estimating passive detection ranges,

Torpedo noise levels, compared with a quiet submarine, are shown on
Fig. V-5. These high noise levels (one and two) are not necessarily in-
dicative of a small submersible. They do indicate, however, how noisy a
poorly designed small submersible vehicle for covert operations might be.
The quinter noise spectrum (Ref. 4), indicated as three on Fig. V-5, is
probably more like the small submersible. From the aspect of quieting
the small submersible, five represents a noise spectrum limit that appears

attainable.
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It seems reasonable, therefore, to assume that future small sub-
mersibles, if not current ones, could be so designed to provide a noise

signature no greater than that shown on Fig. V-5 as the obtainable noise

goal., If so, this is 15- to 30-dB acoustic advantage for the small covert

submersible over a quiet submarine when performing the same covert mili-
tary mission and when operating against passive surveillance sensors.
This noise level difference between the small submersible and the conven-
tional battery submarine is indicated on Fig. V-5 between curves four and
five. The passive detection range against the quiet small submersible

would probably be less than 10 nmi; and more likely one or two nmi under

average conditions,

Active Acoustic Detection

The estimated detection range of a small submersible using an active
sonar is determined from the conventional active sonar equation, which is
appiicable to the detection of a large nuclear submarine, a small sub-
mersible, a moored mine, or an underwater swimmer. Under the assumption

of noise limiting conditions (no reverberations), the following equation

applies:
L = L - 2TL - DI «- N + TS
E S
where:
LE = echo level received in dB rel 1 dbar

L = source level in dB rel 1 Hbar

TL = transmission loss in dB, both spreading
loss and absorption loss

DI = 1{isotropic noise reduction in dB due to
sonar array and signal procession

N = noise level to 1 kbar

TS = target strength in dB.
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This equation and all the variations of each of the parameters is
thoroughly discussed in several references (Ref. 4) and will be described
here. The primary use of the sonar equation is to indicate the varia-
tions in echo level due to the target strength when all other conditions

are held constant.

Current sonars, in general, can be divided into mine hunting sonars

and submarine detection sonars. The mine hunting sonars operate in

frequencies anywhere from 50 kHz to 500 kHz or higher,

None of these sonars was designed to detect small submersibles or
underwater swimmers. The mine hunting sonars, however, are probably
useful for detecting the underwater swimmer and the older World War 11
sonars would be better for the larger small submersibles. There is a
definite tradeoff between an increase in absorption loss with an increase
in operating frequency and a decrease in target strength with decreasing
frequency that determines which sonar frequencies are better for different
targets, the underwater swimmer or the small submersible. The better
sonar for a very small submersible is also probably comparable to a mine
hunting sonar; the target strength of small submersibles will be larger,

however, than a buoyant mine and more easily detected.

Figure V-6 shows the different target strengths estimated for submarine-
like vehicles (a cylindrical tube) with length and diameter as parameters
which determine the target strength. The large variations in target
strength with both geometry (2rL) and frequency can be noted on this
figure. These are the maximum target strengths. In general, the random

aspect of the target will reduce these target strengths to lesser values.

With a sonar designed at the lower frequencies, 25 kHz, the small

submersible should be detectable at ranges like 4 or 5 nmi.
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The underwater swimmer target strength is indicated on Fig. V-6 at
the bottom. The SCUBA tanks would be applicable to the curves on the
chart at 2rL = 1, but the swimmer, with or without a rubber suit provid-

ing acoustic absorption and different reflection characteristics, is not.

Experimental target strength measurements of underwater swimmers at
relatively key frequencies have an overall range from -40 to -5 dB.
Various combinations consisting of different breathing equipment, type
of suit, and diver position have been tested--in one case, 12 distinct
categories in all. Echo amplitude fluctuation was quite rapid, with
angular change, and the directivity pattern for each category had a
roughly circular appearance. The average target strength values ranged
from -28 to -13 dB. Based on these averages, the open circuit versus
closed circuit and wet suit versus dry suit categories showed little
change in target strength. The SCUBA equipped skin diver, however, was
a consistently poorer target than the others by some 2 to 8 dB. The
addition of a cellular rubber wet suit resulted in a 2- to €-dB incre-

ment in both the mean and peak target strength values for the diver.

Rough calculations based on these results indicate that a hostile
skin diver, using closed circuit SCUBA and approaching along the bottom,
could be detected at a range of 500 yards by a suitably designed and
located sonar. With the improvement of sonars designed to detect under-
water swimmers, it is reasonable to u¢xpect detection with active sonars

at ranges to 1,000 yards.

Magnetic Detectability of Small Submersibles and Swimmers

The magnetic detectability of a small submersible or an underwater
swimmer is limited. The detectability is dependent upon the measurability
of disturbances in the natural magnetic field, which in itself is comprised

of large magnetic noise fluctuations.
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The two most probable magnetic disturbances would be causecd by
induction of magnetic fields in the ferromagnetic material associated
with either the small submersible or the swimmer, and the magnetic
fields generated by wires carrying direct current, The swimmer, when
all components of his gear are nonferromagnetic, would create little
or no magnetic disturbances for detection., However, any tools or
weapons of ferromagnetic materials would offset any design protection
measures taken to reduce the swimmer's magnetic detectability. Even
with ferromagnetic tools the magnetic detectability would be very

limited, probably less than 100 ft,

The estimated magnetic detectability of a small submersible is less
than 500 ft, It could easily be no more than 100 ft if the necessary
precautions were made to minimize the ferromagnetic materials, degauss

the vehicle, and shield all d.c. transmission wiring,

The above detection range estimate is made from Fig. V-7, which
relates ficld intensity at range R from a ferromagnetic material in the

V-
earth's magnetic field, The general relationships are as follows,
For distance greater than the dimensions of the target, the magnitude

of the anomalous magnetic field can be represented by:

o= 3F (1)

3
R
vhere

H = Ficld intensity at distance R

P = Dipolc moment

=
"

Distance from target.
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A ferromagnetic sphere placed in a magnetic field will possess an

induced moment

r e A g
where
V = Volume of the sphere
Ho = Earth magnetic field,

Combining Esq. (1) and (2), and substituting V = = Tr® where r = radius

[ATF-N

of sphere,

(3)

A magnetostatic fluctuation other than that caused by a target

can be classificd as noise Hn' Then

H 2"0 rla
sA = = = 5= (7)
n n
2H_ B/
- ‘1)
R Tl (sA
n

The two valucs for the limits of detectability as determined by

Eq. (4) shown in Fig. 4 are SN = 1 and S/N = 10,

Magnetic Field from Current Carrying Wires

The detectability from the possible magnoetic field gencvrated by
d.c, currents through wires aboard the vehicle is not considered to be
a problem, 1. necessary, the wires ¢35 be shielded or wound in such a
manner as to reduce the effected magnetic field and related dotcction
range woell bolow those limits indicated on Fig., V-7 for ferromagnetic

inductjon,
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I£. Functional Requirements for MAN-IN-THE-SEA Systems

The furnctional requirements for MAN-IN-THE-SEA systems in accomplish-
ing naval undersea missions and operations are identified in Tables V-4
through V-20, The tables identify the generalized tasks associated with
a single undersea operation or a specific set of them. The generalized
iasks are then related to the performance criteria as shown on the left-

hand side of the table. The performance criteria are:

* Depth capability

®* Time capability

®* Mobility capability

¢* Load carrying capability
* Maneuvering capability

®* Sensory capability

* Cognitive skills

¢ Hardness

* Covertness.

The comparative analysis of the functional capabilities of MAN-IN-
THE-SEA system versus the alternatives based on the foregoing criteria

indicates the following:

¢ MAN-IN-THE-SEA is unique in that:

- He is compact and agile, which allows him to reach job
sites of _imited access and in congested structures

- He possesses manipulative skills unavailable in under-
water mechanical manipulators

- He possesses tactile senses that allow him to accomplish
manipulative tasks in extremely turbid waters

- As a free swimmer, he is relatively covert to visual,
acoustic, magnetic, and electrical sensors
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® MAN-IN-THE-SEA has capabilities comparable to those of
the vehicle oriented systems in operating time and in
cognitive skills for on-site assessment of tasks

¢ MAN-IN-THE-SEA is at a disadvantage when compared with
the alternative systems in operating depth capability,
mobility capability, load carrying capability, and
resistance capability to hazards.

The above comparative analysis results are shown on the right-hand
side of Tables V-4 to V-20. An undersea operation is considered a func-
tional role of MAN-IN-THE-SEA systems if it has requirements for the

unique capabilities of MAN-IN-THE-SEA systems.
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Table V-4

TASK ALLOCATION MATRIX FOR UNDERSEA FUNCTIONAL OPERATIONS:
SURVEILLANCE - LANDING BEACH AREA,

ENEMY HARBOR,
INSHORE USW,
USW ALL RANGES AND DEPTHS

Generslized Class ] Class {Class Class
Task 1 11 111 v o
Spectrum ~
g H H
r- £ - 2 gh
v v > > < - s
- - - - w o a
- - a © 0~ < ¥
- & a % (] “s
S 5 <] & Qagls
Fi) e
Functional & z o 3
[ x -~
Performance o © aly 23 -
3 £«
Requirements 3 . . v H AR §'=' ;:
-
= A E RS % N H = vle|= = =
o IR EI 1R ad “lyla o |- [-% - i ule <
- vis|afx|clvjo|=~|wiv|CSlR]E|C|~ i-ww:lav::
L HEHEHH AREHEHHRERHEHEEBHEE
- - ~
o |8lalsta|ala]s|sld|=|3|]|R|&k|a(a[2]a|2(S|&]|S|&1&]8
Mobility
® Speed
® Range

Load Carrying

® Object size

@ Object weight

Msneuverability

® Access limt

@ Degrees freedom

Manipulation

Alternstives
Unique Capabilities

@ Mimimum skill

o Moderate skill

® Complex skill

Sensing

® Visusl

@ Acoustic

=k

@ Electromagnetic

@ Magnetic

® Electriv

® Tactile

Cugnition

@ On scene aasess.

Hardness»

Enemy Countermesasures

@ Mechanical

® Explcaives

@ Radiation

® Acoustic noise generators

@ Tempersture

@ Marine life

Covertness

Eneay Countermessures

@ Visusl @ Underwater TV, seimmers

@ Acuustic ® Active and passive sonsr
@ EKleciromagnetic

@ Magnetic @ Magnetic anomaly detectors
® EKlectricsl ® [Eleciriv field detectors
® Pressure ® Pressure field detectors
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TASK ALLOCATION MATRIX FOR UNDERSEA FUNCTIONAL OPERATIONS:

Table V-5

RECONNAISSANCE - BEACH AREA,

ENEMY HARBOR,

MINING ENVIRONMENT

Generalized Class |Class | Class Class
Task 1 11 m 1v o
Spectrum -
v 3 2
) c P - s Bt
H H g a &= a
- - a ) 0n <@
- LY a x 4 - w o
< Q < w §£ "“U
= a [
1 a g
Functional S zo 58
Performance . & ajy + % 2«
Requirements 5 - e =) ; 4 N
= £ “|s 2 s‘,
& v € - v SIS &
& >inlnlald “ . wle vic|= = =
o w3l ele - HEE -f= a - w|cle <
W vl>lalxlc|c|ol=|=lo]e elsl~ i..-:tg;:
A HHHEHE AREHHS EREHHEBHEEHEE
a (8|3|ale|elalisidlz[S|c|a|l&|a R ]a|2IS|A1S{a{RIR
Mobality
® Speed
® Range
Losd Carrying
® Object »ize
® Object weight
Maneuverability
® Access limit
® Degrees {reedom
Manipuliation L
1+t + 1 —+4+ 4+ -
® Minimum skill |
@ Moderate »kill l
+—4 4 - +-4 +-
® Complex skill
Sensing
® Visual
"
@® Acuustae
® Elcctromagnetic
@ Magnetic
® Electric
® Tactale
Cugnition
® On >cene assess,

Kardness Eneaey Counlermensures
® Mechanioal ® Explusives
® Radistion ® Acuuslit nulse genersturs
® Tempetature ’
® Marine life -

Covertness

Enemy Countermesaufes

® Visusl

® LV TV, ssiamers

® Acuustle

® Active snd passive suhar, scoustic influence sines

® EKiedtrumagnetic

® Meogustiy

b — - et e e -

® Electirical

® Pressure

]

g

® Magnetiv snumsiy detedlor, megnetis LRIlusace sines

tric lield detedtor

o e oo © cxero—
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Table V-6

TASK ALLOCATION MATRIX FOR UNDERSEA FUNCTIONAL OPERATIONS:
MINING - MINE HUNTING AND COUNTERMEASURES

Generalized Class | Class | Class Class
Task 1 11 111 1v
Spectrum

-p

Attach
Detach
Apply
Excsvate

Functional
Performance
Requirements

MAN~IN-THE-SEA
Unique Capabilities

HAN-IN-THE-SEA and

Alternstives Comparable

Sesrch Locate
Transport

Place

Weld
Hsmmer/chip

Observe
Survey
Messure
Pickup
Drill
Bolt
Rivet
Connect
Clamp
Burn
Pyrotechmic
Drill
Saw
Scrape/»i1ze
Hose
Coat
Paint
Core
Dredge
Trench
Tunnel

Mobility

® Speed

® Hange

Losd Carrying

@ Object »ize

® Object weight

Msneuverability

® Access limit

® Degrees {reedonm

¥Manipulation

® Minimum skill

o Moderate »kill

® Coemplex xkall

Srnsing

® Viausl

@ Acvustic

@ Electromsgnetic

@ Magnetic

® Electrie T

® Taciiie

Cognitiun

® On scene sadens.

Herdness Mine Weszards

® Mechanical e Eaplusives

@ Rsdiativn

® Temperature

® Marine 1:fe

Covertner» Mine Nassrde

® Visusl

@ Artowmrtic @ Avusualiv influenie mines

@ [Klectrosagnetic

@ Magnetic @ Magnetiv 1nfluence aihes

® EKlectrscal @ Klestriv influrme aines

® Pressvre ® Pressurz intlurace mines

Alternatives
Unique Capsbilities

V-50




Table V-7

TASK ALLOCATION MATRIX FOR UNDERSEA FUNCTIONAL OPERATIONS:
MINING - MINE PLANTS

Generslized
Task
Spectrum

—p

Functionsl
Performance
Requirements

Cless | Cless {Class
1 11 111

Class
1v

Sesrch Locate

Attach

Detach
Apply
Excsvate

Observe
Survey
Messure
Pickup
Trsnsport
Place
Weld
Bolt
Rivet
Connect
Clamp
Burn

Drill

MAN-1N-~THE-SEA
Unique Cspsbilities

MAN-IN-THE-SEA snd

Alternstives Comparsble

Hemmer/chip
Scrape/wipe

Hose

Pyrotechmic
Drill

Saw

Cost

Peint

Core

Dredge
Trench
Tunnel

Mobility

® Speed

® Renge

Losd Cerrying

® Object size

® Object weight

Maneuverabilaty

® Access limit

® Degrees freedom

Manipulation

® Minimum skill

® Moderste skill

® Cumplex skili

Sensing

® Visusl

® Acoustie

® Llectromagnetic

® Magnetav

® Elevtiric

® Tactile

Cognitivn

{
|3

® On scene asnens,

Hardness

'
Enemy Countermeasure.

® Mechenical

® Expiuvsives

@® fesdiatiun

® Acoustic nuise gehersturs

® Tespersture

® Merine lifle

Cuvertness

Eneay Cuuntermsessures

® Visusl

® UY TV seimmers

@ Acuustic

® Actlive snd passlive sunar

® Slectrussgnetic

® Megnetic

® MBagnetic anvasly detector

® [Klectrivel

® [Kleviric Iy .4 detectur

® Presaure

@ Pressure field detectiur

Alternatives
Unique Capsbilities
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Table V-8

TASK ALLOCATION MATRIX FOR UNDERSEA FUNCTIONAL OPERATIONS:
MINING - DISARM MINE

Generalized Class | Class | Class Class
Task 1 11 11 1v
Spectrum

)

Attach
Detach
Apply
Excavate

Functional
Performance
Requirements

MAN-IN-THE-SEA
Unique Capabilities

MAN-IN-THE-SEA and

Alternstives Comparable

Secarch Locste
Observe
Survey
Messure
Pickup
Transport
Place

weld

Drall

Bolt

Rivet
Connect
Clamp

Burn
Pyrotechnic
Drill

Saw
Hemmer/chip
Scrape/wipe
Hose

Cost

Peint

Core
Dredge
Trench
Tunnel

Mobilaty

® Speed

® Range

losd Carrying

® Object size

® Object weight

Msneuverability

® Access lamit

® Degrees treedom

Manipulation

® Minmimum »kill

@ Moderste skill

® Complex »kall

® Visual

@ Acoustad

® Electromagnetic

® Magnetic

® Electriv

® Tactile

Cognition

® On scene sawens,

Nardneas Nine Mazerds

® Mechsnival ® Ksplosives

® Rasintion

@ Tveperatlure

® Narine life

Covertness Mine Neczards

® VYisusl

@ Acovusti ® Acvustic influeine sinea

Elecirvsagnetic

Clectracel ® Kiectric nlluenie Sines

L]
o Magnetic & Magmviic influonce minea
L
e

Pressure ® Pressure inllcme Bincs

Alternstives
Unique Capsbilities
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Table V-9

TASK ALLOCATION MATRIX FOR UNDERSEA FUNCTIONAL OPERATIONS:
MINING - INTERROGATE MINE FIELD

Generalized Claas[Class [ Claes Class
Task 1 1 113 1v
Spectrum

.

Attach
Detach
Excavate

Apply

Functions)
Performance
Requiresents

{

Mobility

MAN-IN-TRE-SEA

Unique Capsbilities

MAN-IN-THE-SEA and

Alternatives Comparsble

Search. Locate
Transport
Place
Nsmmer/chip
Screpe/wipe

Observe
Survey
Messure
Pickup
Peld
Drill
Bolt
Rivet
Connect
Clamp
Paint
Core
Dredge
Trench
Tunnel

Bura

Pyrotechnic
Drill
Sew

® Bpeed

Load Carrying

o Object size

® Object weight

Meneuversbility

® Access limit

® Degrees freedea

Alternstives
Unique Capsbilities

Manipulstion

® Minimum skil) }

e Moderate ski)l

@& Complex ski))

Sensing

e Vieus)

@ Acoustic

@ BRlectromsgnetic

@ Magnetic

b ——

® Xlectric

® Tectile

Cognition

@ On scene sssess.

Mardmess Vine Kasords

® Mechanical ¢ Explosives

Radjistion

[
o Tempersture
® Marime life

Covertness Yine Neserds

® Visusl

Acoustic @ Acoustic influesce sinee

Electromsgnetic

Blectrics) Bleciric influence ¢ aes

e
[ ]
@ MBagnetic o Bagastic inflyence sine’
]
]

Presavre @ Prossure iafluser aines

ety sk

V=33

e

a———

o




Table V-10

TASK ALLOCATION MATRIX FOR UNDERSEA FUNCTIONAL OPERATIONS:
NAVIGATION SURVE/

Generalized Class | Class jClass Class
Task 1 II 1 1v
Spectrum

-

Attach
Detach
Apply
Excavate

Functiounal
Perfurmance
Requirements

MAM-IN-THE-SEA
Unique Capabilities
Alternstives
Unique Capabilities

MAN-IN-THE-SEA and

Alternatives Compsrasble

Sesarch Locate
Hammer/chip
Scrape/w1ipe

Hose

Pyrotechnic

Drill}
Saw

Observe
Survey
Measure
Pickap
Bolt
Rivet
Connect
Clasp
Burn
Coat
Paint
Core
Dredge
Trench
Tunnel

Weld
Drill

Mobility

® Spucd

® Range

losd Carrying

® Otject si12¢

® Objecl weight

Maneuverability

® Access limit

® Degrees freedom

Msmipulation

-4 4 + 4
® Minimum »kill I
1

@ Muxirrate skill

® Cumplex xkill

Svnaing

4

® Visusl

~

® Acvuslae

oo o e ok .

® Licctr

4~ —p——e -

® Llectris

® Taitile

Cugnition

8 Un »¢ehw Bancas,

Nardne>=

Moo hanioul

Kadialion

Traperatlure

Marine lile

Cuveriness

® Visual
e
® Acoustis

Eice trusagnet tc

Bagnetse

Kievirsoal

L]
L]
- A ey o
L]
L]

Presaure
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Table V-11

TASK ALLOCATION MATRIX FOR UNDERSEA FUNCTIONAL OFERATIONS:
RECOVERY - SMALL OBJECTS
® Torpedoes
®Nuclear Weapons
® Space Hardware

Generalized Ciass Class | Class Clas»
Tosk 1 11 1331 1v
Specirum

e

Attach

Detach

Apply

Excavate
— -

Functional
Performance
Requirement s

{

Mobility

MAN-IN-TNE-SEA
Unique Capabilities
Alternatives
Unique Capsbiitties

MAN-IN-THE-SEA and

Alternatives Comparable

Sesrch Locste
Pyrotechnic
Drill
Mammer/chip
Scrope/mipe
Mo e

Transport
Saw

Observe
Survey
Measure
Pickup
Place
Weld
Bolt
Rivet
Connect
Clamp
Burn
Coust
Faint
Cure
Dredge
Trench
Tunnel

Drill

® Sperd

e Range

Llosd Carrying

® Object size

@ Obje.( weight

Maneuverability

D e e

® Access limat

® Degrees [reedon

Manipulation .

® Minisum »a3ll }

® Moderste akill

® Cumples skl

Sineing

® Visusl
t-r ¢
® Acvustyc h

o = <. - +4+4 ¢
@ [Lic.iromsgnetic

® Masgnetav

® Klevtra

® Tatile

Cugnitiun

® On atene sxseaa, J

Nardneas

® Mechaniual

Redistiun ® Muclesr rediotion hoasrds

War.oe lite

s |
: Teapersture L _ : i

Cuvertness

N oot -

® Yisusl

@ Avuustic

® Slectrvasgastic

® Bogneti.

e - — P L, = T

® Blestrivae!
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TASK ALLOCATION MATRIX FOR

Table V-12

RECOVERY -

UNDERSEA FUNCTIONAL OPERATIONS:

LARGE OBJECT

Prasure

Generslized Cless [Class [Class Ciass
Tesk 1 11 1331 v .
Spectrum -
: : | a2
» s £ : ¢ Be
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Mancuverability
® Awcess Limit
® UDegrees {reedom
Men:puistiun L
® Minimus »kil} I
® Muderste shal!
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® Coapien shill
Senming h
® Visusl
e
® Atvustic |
— e % « & -
[ 2O tromsgnet i f }
— = o = . T L-—y 2
® Magnetie ‘l L [
—— b 4 - - +
® Pievtiric
® Taitiir
Cugnition
® On sicne sasess.
At
Bardness
— — e — e — - - - - - - B ——————
® MNechonival
— =4 - > =
® MNadistiun
- — =
® Tvaperstuse
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@ Gagnetse
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Slectriva
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Alternatives
Unique Coapabilities




Table V-13

TASK ALLOCATION MATRIX FOR UNDERSEA FUNCTIONAL OPERATIONS:

FACILITY INSTALLATION - SONAR ARRAY (ALIGN & REPAIR)
BOTTOM MOUNTED ULM,
GENERAL CONSTRUCTION

Generslized Closs [Claxs [ Clany Cisxe
Tank 1 11 1 v
Spectrum

—d

Attiech
Excaveate

Detach
Apply

Functions!
Per{foraence
Requirements

{

MAN-IN-THE-SEA
tnique Capsbiilties

Sesrch Locste
Scrape/vipe

-
Hammer/chip

Pyrutechnic

Trensport
Dril)
P

Ob.erve
Survey
Measure
Prchup
Place
Beld
Boit
Rivet
Cunnect
Clemp
Burn
Mo
Coeat
Faint
Cure
Uredge
Trench
Tunne

Drili

MAN-IN-THE-SEA end

Alternetives Comparable

Mobalaty

® Sperd

® Range

Lasd Corrying

—d

® Otject »ize

b
-
—4

® Object weight

Maneuversbility
-

® Awcesn limit

@ Degrees (reedon

Menipulastiun

@ Micisum shill

® Mderate akilil

® Coaplens shall

Sensing

® Visusl

® Awoustise

— 494 4% o 1 $-- 4 L o ok &
® Kiedctromagnetic

® Magnetic

® Zievtra

® Tactiir

Cugnitiun

® On scene snean.

Norenovy

® Wrihanical
b— = —
® Radistiun

® Tempersture

® Barime life

Covertavss

® Visus:l

® Acvunlir
b — -
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P om0 e e © oas S o
® WBagnelie
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Table V-14

TASK ALLOCATION MATRIX FOR UNDERSEA FUNCTIONAL OPERATIONS:
FACILITY INSTALLATIONS - NAVIGATION MARKERS,
CABLE LAYING AND INSPECTION

Generalized Class | Class |Class Class
Task 1 11 n v
Spectrum

—p

dttach
Detach
Apply
Excavate

Functional
Performance
Requirements

MAN-IN-THE-SEA
Unique Capsbilities

MAN-IN-THE-SEA end

Alternat.ves Comparable

Scarch Locate
Observe
Survey
Messure
Pickup
Transport
Plece

Weld

Drill

Bolt

Rivet
Connect
Clamp

Burn
Pyrotechnmice
Drill

Saw
Hammer/chip
Scrape/wipe
Hose

Coat

Paint

Core
Dredge
Trench
Tunnel

Mobilaty

® Specd

@ Range

load Carrying

® Object size

® -saject weight

Maneuverability

® Access limit

® Degrees freedom

Manipulation

® Minimum skill

® Moderate skill

® Comples skill

Sensing

T
e Visual

T

|

® Acoustic

® Electromagnetic

® Msgnetic

@ Electric

® Tactile

Cognition

@ On scene assens,

Hardness

® Mechanical

@ Radiation

@ Temperature

® Marine l1ife

Covertness

® Visusl

@ Acowstiv

@ Liectrosagnetic

@ Magnetic

® Elrctrical

® Preswure

Alternstives
Unique Capsabilities




TASK ALLOCATION MATRIX FOR UNDERSEA FUNCTIONAL OPERATIONS:

Table V-15

FACILITY INSTALLATIONS - FOUNDATION AND BOTTOM

Hardnews

® Mechsnical

® Radiation

® Temperature

® Marine life

Generalized Class | Class | Class Class
Task 1 11 111 v o
Spectrum o 3 E
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® Speed
® Range
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@ Object size
® Object weight
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® Access limit
® Degrees freedom
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® Minimum skill
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® Complex skill ]
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® Visual 1
T
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® On scene asuesy,

Covertness
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® Visusl
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® Magnetic
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Alternstives
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Table V-16

TASK ALLOCATION MATRIX FOR UNDERSEA FUNCTIONAL OPERATIONS:

SALVAGE

- SHIPS,
AIRCRAFT

Generalize/ Class | Class [ Class
Task 1 11 111

Class

Spectrum

-~

Attach

Detach
Apply

Excavate

Functional
Performance
Requirements

Search Locate
Observe
Survey
Measure
Pickup
Transport
Place
Weld
Drill
Bolt
Rivet

Hammer/chip
Scrspe/wipe

Pyrotechmic
Hose

Connect
Clamp
Burn
Drill
aw
Coat
Paint
Core

Dredge

Trench

Tunnel

MAN-IN-THE-SEA
Unique Cspabilities

MAN-IN-THE-SEA and

Alternatives Comparable

Mobilaity

@® Speed

® Range

Load Carrying

® UObject size

@ Object weight I 1

Maneuverability

® Access limit i

@ Degrees freedom

Manipulation

® Minmimum skill

® Moderate skill

W Complex skill I

Svnsing

® Visual

® Acoustic

-
e Electromagnetic T

i |
— —~ b .
® Mesgnetic ! r |

® Electric

® Tuctile

Cognition

® On »cene ansess

Hardness

[P,. Mechanmical 4
- —_—  ————
® Radiatiun |

® Temprratuyre

® Marine life

Covertness

® Visusl

@ Acvustic

@ Electrusagnetic

@ Magnetic

® ETlectracal

@& Pressure

Alternatives
Unique Cspsbilities
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TASK ALLOCATION MATRIX FOR UNDERSEA FUNCTIONAL OPERATIONS:
REPAIRS - IN PORT (WET DOCK)

Table V=17

UNDERWAY

® Marine life

Covertness

® Viaual

® Acoustsc

® BRiectrumagnetic

Magnetac

e
® Klectrical
[ ]

Prewsury
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Table V-18
TASK ALLOCATION MATRIX FOR UNDERSEA FUNCTIONAL OPERATIONS:
SUPPORT - OCEANOGRAPHIC DATA

Generalized
Task
Spectrum

-

Functional
Performance
Requirements

Class

Class

11

Class
111

Class

1v

Sesrch Lucete

Observe

Survey
Messure
Pickup

Transport
Place
Weld

Attach

Detach

Apply

Excovate

Drall

Bolt

Rivet

Pyrotechnic

Draill

Connect
Saw

Clamp
Barn

Hsmmer/chip
Scrape/wipe

Hose

Cost

Psint

Core

Dredge

Trench

Tunnel

MAN-IN~-THE-SEA
Unique Capsbilities

MAN-IN-THE-SEA and

Alternstaves Compersble

Mobslity

@ Speed

@ Range

Load Carrying

@ Ob)ect size

® Object weigh

Maneuverability

® Access limit

® Degrees freedom

Manipulation

e Minimum skill

® Moderate skill

@ Complex skill

Sensing

® Visual

@ Acousttc

— - 4-—

e Electromagnetsc

@ Masgnetsc

® Electric

Alternstives
Unique Capsbilities

® Tactile

Cugnitiun

® On >cene assesa.

Mardness»

® Mechanmical

@ Rsdistion

® Temperatuyre

@ Merine lafe

Cuvertneas

e Visval

® Acvustiv

@ EKlectrumagnetic

e Magnetic

® EKlectrical

@ Pressure
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Table V-19

TASK ALLOCATION MATRIX FOR UNDERSEA FUNCTIONAL OPERATIONS:
SUPPORT - SUBMARINE RESCUE PERSONNEL

Generalized Class | Class | Class Class
Task 1 1 11 1v o
Spectrum -
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- v
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® Speed
® ange

Load Carrying

@ Object size

® Object weight
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® Accexss lLimit

® Degrees freedom

Manipulation

& Minimum xkill

@ Moderate skill

® Cumplex »kill

Sensing

@ Visusl

® Acoustic

o Electromagnetac

-

® Magnetic
+
® Electric .
® Tactile
Cognitiun
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Hardness
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® Temperature
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® Visual
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Table V-20

TASK ALLOCATION MATRIX FOR UNDERSEA FUNCTIONAL OPERATIONS:
SUPPORT ~ UNDERWATER LOGISTICS

Generalized
Task
Spectrum

—p

Functional
Performance
Requirements

Class
1

Class [ Class

11

m

Class
1v

Search Locate

Observe

Survey

Attach
Detach
Apply

Excavate

Transport
Place

Pickup
Weld

Messure

Drill

Bolt

MAN-1IN-THE-SEA
Unique Capabilities
Alternatives
Unique Capabilities

MAN-IN-THE-SEA and

Alternatives Comparable

Hammer/chip
Scrape/wipe

Hose

Rivet
Connect
Clemp
Burn
Pyrotechmc
Dril}
aw
Coat
Paint
Core
Dredge
Trench
Tunnel

Mobility

® Speed

@ Range

Load Carrying

® Object size

@ Object weight

Maneuverabilaty

® Access limt

@ Degrees freedom

Mamipulation

@ Minimum skil)

® Moderste skill

® Complex skill

1

Sensing

® Vinual

® Awoustav

Elrctromagnetic

® Magnetic

® Eleviric

® Tatti.e

Cognitivn

® On scene dusens,

Nordres>

® Mechanical

® Rediation

® Teaperasture

@ Nerine life

Cuovertness

® VYisus)

Acuustic

Elec trossgnetic

Klevtrivel

L]
® MBognelic
L]
[ ]

Pressure
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F. Functional Role of MAN-IN-THE-SEA Systems

The functional role of MAN-IN-THE-SEA systems in accomplishing naval
underseas missions is summarized in Table V-21, The table has three major
points. First is an indication of MAN-IN-THE-SEA missions and operations
if system survivability during a mission emphsizes the use of covert oper-
ation, Second, the case is considered where system survivability is
achieved through the use of hardened systems. Finally, the case of
hardened systems is extended to include the possibility of designing
undersea facilities to minimize constraints imposed by the limitations

of mechanical manipulator equipped vehicle systems.
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SUMMARY OF THE FUNCTIONAL ROLE OF MAN-IN-THE-SEA

Table V-21

SYSTEMS

Condition 1

Condition II

Condition II'

Mission
Conditions
Functional
Operations
Surveillance

® Landing beach area

® Enemy harbor

® U,S, harbor protection

® Inahore USW

@ USW all ranges and depths

Reconnaiasance

® Beach area

® Enemy harbor

@® Mining environment

Mining

® Mine hunting and countermeaaures

@ Mine plants

® Disarm mine

® Interrogate mine fields

Navigation Surveya

Recovery

® Small object

Torpedoes

Nuclear weapon

Space hardware

® Large object

Facility Installations

® Sonar arrsy (align and repair)

® Bottom mounted ULM

® Navigation markera

® Cable laying and inapection

® General coastruction

® Foundation and bottoa

Salvage

@ Ship

@ Aircraft

Repalrs

®1n port (wet douchk)

® Undervay

Suppsirt

® Oceanographic data

® Sub rescue personnel

@ Underwater logistics

® Mabitat Deve lopment

Mission Emphasis
on the Use of
Covert Operations

.m-ln-m-su functional spplication ares
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VI COST COMPARISON

A. Comparison Method

The approach used to make the cost comparison of MAN-IN-THE-SEA
systems versus alternative systems is summarized in Fig, VI-1.* The
spectrum of MAN-IN-THE-SEA systems options and al’ternative systems options
defined in Section IV are compared for a selected set of five underseas
operations. These five operations are:

Small object recovery
Aircraft salvage
Ship salvage

0 3imple undersea construction
Undersea facilities construction.

(3, 2~ R &

Each operation is addressed separately in the following sections of
this report. The procedure is to first select the specific MAN-IN-THE-
SEA and alternative systems options that are to be compared. Next, a
task-time distribution relationship is generated for both MAN-IN-THE-SEA
and alternative systems options. This task-time distribution is generat.d
from two inputs. The first is the detailed task analysis presented in
Appendix A to this report. The second is a judgment of the functional
capabilities of MAN-IN-THE~SEA and alternative systems that have a ten-
dency to cause a relative time difference in accomplishing a specific task.
The comparison of the functional capabilities of MAN-IN-THE-SEA and al-
ternatives conducted in Section V of this report provide the basis for the

Judgment. A clear example of functional capabilities that contribute

See Appendix D for a summary of cost data used in cost comparisons.

Vi-1

e a

————




SIAILVYNY3LIV ONV V3IS-IHI-

S1500 SW3I1SAS
JAILYNNIL IV

AYVWNNNS
NOSI¥VdWO0)D
1S02

SNOILIO SMILSAS
JAMILYNYILIY
G3123138

SW3ILSAS

Q3123138
H0Os S1S0D
NOIivH¥3d0

v3isuiamn

dtNSNOILY Iy
INEL - NSV L

S$1S0D Sw3isas
V3S-3IHL-NI-Nvw

SNOI L0 SWILSAS
V3IS-3IML-NI-Nvw
G310N3s

r(.IUb.lu

NI-NVW JO NOSIHVJIWNOD 1SOD HO4 gasn HOVOHddY 40 AHVANNS  |-|A IHUNOIY

h-,(.!wb—tu NOI1D373S

SNOIL0 SN ILSAS
IAILVNEILTIV S0 WNKLDIS

SASva NOI LV 340
Q31 veINID vISw3iOmn
03ivie 0313335

SNOI LoD SWILSAS
V3IS-INL-NE- NV 30 WNYLD S

NOILDIIS

B

vi.2



toward time difference is the manipulative capability of man versus

mechanical manipulators.

The undersea operation costs are compared in two forms. The first
is the comparison of the systems investment costs and, second, the com-
parison of operating costs for the completion of a specific operation,
e.g., aircraft salvage or ship salvage. It has been assumed that re-

search and development costs for MAN-IN-THE-SEA systems and the alterna-

tive systems are comparable. Furthermore, it is assumed that the
operating lives of the systems are equal, The two remaining parameters
that would contribute to differentials in operatcion cost, then, are the
systems procurement costs and the daily operating costs., In keeping
with the subjective nature of the overall study, the cost comparison is
made on an order of magnitude basis. Upper and lower bound cost figures
are used so that a range of possible costs are compared. The investment
and operating costs include only those costs directly related to the work
systems, Work systems as defined here include only those elements di-
rectly related with elements that perform undersea tasks, namely, the

divers and their support vessel and equipment and the undersea vehicles

and their support vessel. The costs of the elements that are being worked

on, i.e,, the underwater structure or the pontoons and lift devices

required for salvage opcrations, are excluded.
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Small Object Recovery Operation

Preceding page blank

B. Cost Comparison For
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1., MAN-IN-THE-SEA Systems Options

MAN-IN-THE~SEA work systems options selected for small object recovery

operations are shown in Table VI-1, The direct surface supported systems

are separated into three depth regimes that reflect the differences in

requirements for decompression facilities for air and mixed gas operations,

The personnel transfer capsule (PTC) augmented surface supported system,
together with the personnel transfer vehicle (PTV) augmented system, are
considered for both the surface-to-subsurface cycling operation and the
surface-to-habitat operation, The latter is included strictly for com-
parative purposes since operationally one would not consider using a

habitat for short duration operations such as small object recovery,

A four-man work team was postulated for the operation. This
constitutes a minimum size work team since it represents the operational

allocation of two working personnel with two surface backup personnel.
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2.

Work system alternatives to MAN-IN-THE-SEA systems selected for small

object re

all suppo

Alternative Systems Options

covery operations are shown in Table VI-2, The systems options,
rted by surface platforms, are the following:

Manned free swimming vehicles such as the ALVIN,

AUTEC or BEAVER MARK 1V

Manned tethered vehicles such as the ARTICULATED
DIVING DRESS and the GUPPY

Unmanned tethered vehicles such as the remote cable
controlled CURV.

vi-9

e -




juomade1dsip 1o8saA jaxoddnsy adwvjang

93TWIISD 150D M0]

o3emi3s2 3800 YIIH

000°‘T 000 0001 0sz 000°00S e
—
000°2¢ 000°000°2$ 555 & S ToaeTTe ANND e ane
sue3 00s pauurmuf
000‘1 Jlooo . L 090S 000°0S1
000°2$ o 000°1$ 000°00Z $ L
suol} 00S a1914aA
paaayjoy
00°‘08
oSt goq o9 001 000°01 (xe= 33 00t) pouwey
oot $ 000°0ST $ 09z ¢ 50070z ¢ ss3ua ONiAld
sSuUol 0¢ ALvINo1Lyy
000°‘1 0000001 000°T 000°00S ygAvad sa1d1yaa
P P T
000°‘2$ 000°000°2% 00S ‘1% ~000°000° 1% aaLny 2043
45500 00§ * NIATY pouusy
(Aep/$) } (4ep/$)
Suryesedo jusmWaINdOId Supjeaedo juomaandoxg so1dwexy Aao3e3e)
3s0) 19ssap jaoddng 380D 9IOIYdA suoy3dp we3sig

SLSOO GNV SNOILJO SNALSAS FAILVNMALTY

¢-IA @21qe8L

VI-10




~
3. Task-Time Distributions

The task-time distribution for small object recovery operation is
shown in Tables VI-3 through VI-6, The four basic tasks outlined for
small object recovery operations are: (1) search and location of the
object, (2) survey of object to determine recovery method, (3) connection

of object recovery or lifting device, and (4) observation of final

recovery task,

—

The task-time distribution's dependency upon the specific work system
{

teing used is indicated in the tables. The total operation time and the
fraction of total operation time required to accomplish specific task

vary for work system type. For example:

¢+ Total operation time for tethered MAN-IN-THE-SEA and {
tethered manned and unmanned vehicles is much greater
than for the free swimming MAN-IN-THE-SEA and manned

vehicle systems. This is due primarily to the mobility
of the free swimming systems.

e Survey time for all systems is eguivalent.

e Manipulative time, that required for connecting recovery
device on the object, is 100 times greater for the
alternative systems as compared with the MAN-IN-THE-SEA
systems,
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