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FOREWORD

The original purpose of this study was to assist in the determination
of the training device requirements for the Large Object Salvage System.
Postponements in several stages of the development cycle of this System
made it necessary to change the goal and to consider not one specific Sys-
tem, but the overall problems encountered in salvage operations. The aim
was to pinpoint training problem areas that now exist and will probably
continue to exist in the foreseeable future and to offer recommendations
about the nature of training devices to solve these problems.

VINCENT J. SHARKEY
Scientific Officer
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SECTION I

INTRODUCTION

This study examines the training requirements associated with equip-
ments and systems utilized in underwater salvage operations and the diving
activities which are associated with underwater salvage. The major
emphasis of the study is on diving; that is, on the human swimmer equipped
with a life support system and exposed to the underwater condition. The
human swimmer is an important and often an essential component of salvage
systems. Secondly, we examine the operator (generally a diver) of man/
machine underwater systems. In some cases the person of interest is
solely a diver.; for instance, a diver using a tool underwater. In other cases
the person of interest may be one who controls a system under normal (one
atmosphere) conditions during one segment of a mission and in a subsequent
mission segment acts as a diver. There are also some personnel, such as
pilots of dry submersibles, who are not divers. A third major category of
persons involved in salvage operations is the topside crew. These persons
include the on-scene commander, various staff personnel and crew members,
some of whom may have specialized functions. During the study, we have
reviewed the operations of these personnel and the training which the Navy
provides at the current time.

Originally this study was intended to be in support of the Large Object
Salvage System (LOSS), and to be, primarily, a Training Requirements
Study for that system. This intention changed as it became apparent that
LOSS, as a specific system, was not going to be developed in the immediate
time period. Naval salvage capabilities would depend, rather, on the mobili-
zation of available resources. For underwater salvage the Navy would depend
on the underwater capabilities being developed at various other Naval and
civilian facilities.

At tho maximum, the mission objective of LOSS was the salvaging of 'a
fleet-type submarine, intact, from continental shelf depths. It is appropriate
to recognize that the proposed LOSS system was based on the belief that the
human diver would be a primary instrument in such salvage operations. As
stated by Keays et al. in 1966, "Although there are means of improving the
salvage system elements (of the LOSS system) other than the diver sub-
system, the greatest gains for a given level of investment will be made by
pursuing the improvements in diver technique and equipment...."
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Most generally, a considerable reliance has been placed on man as a
submarine work resource. For instance, the views expressed by Crispen
and Olson (1967) are not untypical:

"The majority of work tasks are best performed when man can bring
his intelligence and skillful use of tools directly to bear on the job
to be done.

"The properties of the ocean make man's presence at a work site
even more desirable than it would be on land, particularly because
visibility is usually low. A man can feel his way, accomplishing
useful tasks that cannot be performed by mechanical systems. No
manipulator has yet equalled in performance the dexterity of the
human arm and hand, or the latter's kinesthetic feedback. There is
a formidable problem in all forms of remote devices with com-
munication between the sensor, viewer, etc. , at the work site, and
the observer at some remote station. This is equally true of com-
mand or feedback signals associated with manipulators.

"Man's agility far surpasses that of any manned or remotely con-
trolled vehicle. He can work his way through hatches or around
obstacles by accommodating his body to the restrictions encountered.

"Because man is the most efficient means of performing underwater
work, it is desirable to extend the scope of his activities while
exposed to the ocean environment. Where possible, depth and dura-
tion of dives should be increased, and better life sustaining equipment
tools should be developed."

The error in their view, it can now be asserted, is that the properties
of the ocean are deleterious to man's effectiveness in many and varied
manners. Man is affected as soon as he enters the water, and increases
in depth serve to increase the impact of the underwater situation on the
diver and his support system. Deep diving es to reduce man's work
effectiveness to some fraction of what he enjoys on dry land. The state of
affairs has become evident only recently, and will be described and sub-
stantiated in a later section of this study. However, in conjunction with
other developments, principal among them being the development of small
and relatively inexpensive submersibles, there has occurred a marked shift
in views concerning the development of underwater resources.

The decade of 1960-70, in the diving world, may be characterized as
"let's go deeper for longer." This Objective was based. on the premise
that the utility of the diver would improve with improVed equipment, and

2
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that the diver's skills when operating at shallow depths could be transferred
to deeper depths. There was also a desire to examine the limits of adapt-
ability of human physiological systems to hyperbaric conditions and to the
breathing of inert gases other than nitrogen. Thus, the means of achieving
the goal of "going deeper for longer" was by means of exploiting the adapt-
ability (equalization potential) of the body tissues to high pressures and the
avoidance of the various hazards which are incurred by exposure to hyper-
barism and to the cycle of pressurization and depressurization.

There are two major limiting considerations to the acceptability of
putting men at depth. The first is the limit of human adaptability to hyper-
barism. Currently men have been adapted to a pressure equivalent of
1, 500 ft. of water successfully, breathing hydrogen and oxygen. The pro-
cedures involved are complex and, it is generally agreed, unforgiving of
any errors or equipment malfunctions. As will be described in more detail
subsequently, there is a steady increase in diving technique complexity,
possible danger, and burden on the diver as depth increases. It is not
realistic to identify the maximum depth from which a man can be returned
alive using exotic techniques with the depth at which useful work can be done.
The maximum "death prevention" depth should not be thought of as the depth
at which the diver is a general work resource easily deployed to meet a
variety of work requirements. Thus, the second limiting factor is the
attenuation of work effectiveness with depth. This factor can be joined to
the operational consideration that there is a decrease in the number of work
items which a human is required to perform at depths much exceeding 600

to 800 feet. The reason for this limitation is partly due to the much greater
engineering activity at the near surface levels and also to the fact that the
continental shelf seldom exceeds 800 feet in depth.

There is, relatively, only a very small part of the ocean bottom at
approximately 1,000 feet, and much of it is sharply inclined. Thus, it is of
limited interest for operational purposes, and for salvage purpose's in par-
ticular. By 1970, therefore, it has become much more evident that man is
a limited submarine work resource, and that his effective working range is
primarily in the shallow regions. There has been, it will be generally
agreed, some retreat from the position that, simply because techniques could
be developed to put man at considerable depths, he should, therefore, be put
to work at those depths.

A more balanced view has become possible, due in large part to the
successful development of a variety of submersibles, ranging from the
DSRV (Deep Submergence Rescue Vehicle) to the one-man Star boats among
many others. These boats have been shown to have operational capabilities
which can be more work-effective than those of divers. In particular, for
instance, the recent successful salvage of a tug from 1,000 feet in Vancouver
Sound by the use of a small submersible, equipped with a remote manipulator

3



NAVTRADEVCEN 69-C-0116-1

demonstrated its capability of rigging lines for hoisting, etc. With a rela-
tively small logistic and personnel complement, the tug was successfully
salvaged.

At depths in the first 1,000 feet, except for the very shallow depths,
the small submersible offers capabilities which can be used alone or in
addition to the diver. Currently, the use of SDVs (Swimmer Delivery
Vehicles) is an example of combining a transportation vehicle with a diver;
in the SDV case the driver is wet. Other submersibles have lockout capa-
bilities which, perhaps, represent a form of optimum man/machine diving
system. The man remains in the one atmosphere environment until it can
be seen, on the spot, that man's particular abilities are needed directly on
the job. The latest version of this combination is the French boat
"Argyronete." The craft is divided into wet and dry compartments. The
"wet" compartment is kept at ambient pressure and can house four divers;
the wet compartment provides the decompression facility. The dry com-
partment has a crew of six (Hydro space Report, 1969).

In this connection it shuuld be mentioned that the DSRV has a lockout
capability, and that the system may be used for a variety of missions other
than its primary rescue mission. In addition, the Deep Diving Systems
(DDS) have the ability to let down the Personnel Transfer Capsule (PTC)
at an internal pressure of one atmosphere. The divers can look out of the
PTC to inspect the scene and decide on the operational sequence. If it is
desired to exit, the PTC can be pressurized and then act as the support
locus for the divers. In these and other ways, diving as practiced by the
Navy diver is becoming one operational mode among many underwater
operational modes.

To conclude this introduction, we foreshadow the findings reached in
the study, which are derived from the general considerations set out
above. The findings are:

The underwater environment is a unique and humanly adverse
environment. To be "at home" in the water, one has to have
the actual, physical experience of being in the water. Further-
more, every human activity is modified or imposed upon by
being in the water; hence, all skills are modified when carried
out in the water as compared to dry land. "Simulation" of the
watery state for the diver is neither sensible nor possible.
Rather, the aim should be to develop a training facility which
will "replicate" as mucy of the real underwater conditions as
possible. The underwater conditions do not only consist of the

4
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person being immersed in liquid. In reality, the diver may have
to contend with many circumstances, including low temperatures,
currents, low light levels, turbidity, management of life support
systems, equipment malfunctions, tool deployment, safety
measures, etc. The effective diver is the diver who can perform
the required work in the context of all underwater conditions.

The Navy is in the process of developing a number of underwater
man/machine combinations, ranging from the simple tool for
diver use to complex systems such as the DSRV and the DDS
Systems. Diving in itself is an adjunct activity in these systems;
it is no more nor no less important than the ability to operate,
control, maintain, etc. , the systems. To have effective under-
water capability, the Navy diver must receive adequate and
timely training in the man/machine diving systems. A very con-
siderable portion of the operations in such systems as the DSRV
are procedural operations and pilotage operations. These are
similar in kind to the training skills for an aircrew in Operational
Flight Trainers (OFTs) and in various Part Task Trainers (PTTs).
Similar training facilities for diver training are required.

Salvage is the science and skill of understanding a unique situation
and mobilizing existing resources to solve the problem. Salvage
is a relatively infrequent occurrence, and relatively few persons
have experience in salvage operations of any major character.
While actual full-scale practice operations are clearly desirable,
probably much greater training effectiveness could be gained by
salvage exercises conducted in a training facility. The persons to
receive the training would be salvage officers, diving officers,
ships' architects, and others in decision roles. A variety of sal-
vage situations would be experienced; the team would be faced
with typical contingency conditions (e. g. , weather); and the over-
all operation would be carried out on a computer (in fast time)
so that the effectiveness of the salvage methods would be simulated
and evaluated.

5
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SECTION II

FACTORS INFLUENCING UNDERWATER PERFORMANCE
AND WORK EFFECTIVENESS

INTRODUCTION

Unlike most situations, the underwater operator is not necessarily
readily available at the work site nor is he in a normal condition. In con-
sidering an underwater operative's work capability (and the necessary prior
training to develop his capability), it is necessary to consider how he gets
to the work site, what condition he is in while there, and the factors which
serve to impede or, sometimes, facilitate his work. In reviewing the
material which bears on this topic, evidence which relates to the adaptability
or learning capability of the diver is noted. The types of work-tasks,
behaviors, and interactions with the environment by the human which have
demonstrated improvement over time are candidates for training procedures.

GENERAL AND "SYSTEM" FACTORS

There are two basic cases to consider: the "dry" operator of a sub-
mersible vehicle and the "wet" diver.

In this section, the "dry" operator will not be considered further. His
case is taken up in the following section as an operator of a vehicle, and
particular analysis is afforded the DSRV crew members and their tasks.

The diver is a man entering an environment which is unnatural and ad-
verse. It is unnatural in the senses that man cannot stay there without
life support systems, that man is not specifically adapted in a biological
sense to be in the water, and that man has not lived in the conditions of the
water. In these most elemental respects, man must make up for his
"unnaturalness" to the water by use of the adaptability of his body to the
liquid surroundings, by use of special equipment and procedures, and by his
ability to modify his behavior intelligently and responsively. The water
environment is adverse in that it does not naturally support life, and it con-
tains various special features which are a direct threat to man's physiological
integrity and/or his ability to main4.ain responsive and self-preservative
behavior s.
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The factors which create impositions on the diver include:

The breathing system and its limitations

The diving suit or dress and all articles carried on the
diver's person

The modification of the diver's sensing ability (vision,
audition, touch)

The modification of the diver's motor and manipulative abilities

The modification of the diver's mental abilities, including gas
narcosis effects and more generalized stress effects

The limitations imposed by the decompression schedules and/or
saturation conditions of the dive

Dangers and hazards in the environment

The handling and control of underwater tools and equipments

It is fair to say that the diver is a "burdened" man. He carries not only
a physical burden on his body and the burden of operating in a difficult en-
vironment, he also carries the burden of the risk involved. While specific
injury and mortality statistics are not available, it is common knowledge
among divers, both Navy and commercial, that risk is high. The high wage
scales of commercial divers attest to this fact.

The sum of these factors is not easy to determine. Mosby(1967) gave
it as his opinion based on work performed in the Gulf of Mexico on sub-
merged oil rigs, that the underwater operative is perhaps 15% as effective
as he would be on dry land doing the same kind of work. One must add to
this that divers normally are required to undertake only rather simple work.
Weltman (1970) has written: "The deep sea diver generally performs quite
commonplace work. Jobs such as pipeline inspection, using hand tools to
put together or take apart various structures, welding, etc., are no more
than expected of most mechanics or technicians. It is the underwater environ-
ment which transforms the diver's task to a highly skilled operation."

The experience of men involved in Sea Lab II (Pauli and Clapper, 1967;
13owen et al., 1966) would indicate that while planned jobs can be accomplished
eventually, the work effort expended is often much greater than had been
expected. Incompletion of task was a.common occurrencn. Struggles with

7
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equipment in the murky, cold environment ate up time and energy. One
diver remarked: "It's unbelievable how difficult a minor task is. For
example, some of the equipment we were sent to work with--to unwrap it
took 20 minutes--to find it might take an hour." However, it was notable
that the divers felt that they improved in their performance as they gained
in experience of the particular conditions and that, as time went by, the
time spent in the water became longer and that more work was accom-
plished overall.

SENSORY FUNCTIONS

Three types of sensory functions are important to the diver's, work
performance: vision, audition, and tactile sensitivity.

VISION. Optical properties of water affect the diver's visibility, The
following data regarding optical properties of water are taken from
Duntley (1967) and Lankes (1970).

5 10 15 20 25

Distance in Meters
35

Figure 1. Transmission of non-scattered light through water.

8
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Figure 1 represents typical transmission attenuations of light energy
through water. Three types of water are represented. The attenuation
coefficient is due to the light absorption of the body of water; an a of
0.05 represents exceptionally clear water; an ci of 0.10 is representative
of common tap water; an a of 0.33 is representative of bay waters and
estuaries.

Wavelength in Nanometers

Figure 2. Residual power distribution vs. depth.

Figure 2 presents data for residual power reaching a horizontal surface at
increasing depths, starting with sunlight at the surface. The "narrow-
band" effect in the blue-green region increasing with depth is readily ap-
parent; the rapid decrease in red components should be noted; the result
in practice being that red appears dark gray or black at depth.

9
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The distance at which objects can be seen underwater by a swimmer in
a daylighted sea depends primariii upon the contrast transmittance of the
underwater path of sight. Recognition of objects can virtually never be
expected at a range of over 50 meters, and a much more usual range is
less than 15 meters. In conditions where particles are suspended in the
water, recognition range may be reduced to zero.

Table I describes data concerning suspended particles. The data sug-
gest that in the worst case one could wait for two months for water to
clear, if the water was still.

Kinney et al. (1967) have reported on the visibility of colors under-
water. In clear waters, such as are found in the Gulf of Mexico, there is
an overall trend for all colors to tend toward being seen in tie blue/green/
yellow band of the spectrum. In very murky waters, such as occur in
the Thames River, Connecticut, an opposite effect occurs, namely, a ten-
dency for all colors to shift toward the red end of the spectrum. The
most difficult colors to see under natural illumination are gray and black.
Others that have poor visibility are those whose major spectral components
are absorbed by the water, namely, orange and red in clear water, and
blue and green in murky water.

Under optimum conditions, acuity under water is slightly better than
it is in air. Optimum conditions entail extremely clear water (equivalent
to distilled water), a clean face mask, and a short viewing distance.
Without a face mask, however, the loss of acuity is severe and averages
about 90 percent; emmetropes require a target 20 times as large as they
could resolve in air; myopes require a target seven times as large as
they could see in air.

The ability to judge distance, specifically to equate distances of ob-
jects (Luria, 1968) deteriorates underwater. As the clarity of the water
decreases, the depth acuity decreases, in terms of both the size of the
distance error and in terms of the consistency of the judgment. The loss
in depth perception is attributed to the loss of brightness and contrast of
the objects, and to the constriction of view and sparsity of visual informa-
tion in the periphery.

A number of studies have examined the divers' adaptation to the
refractive distortion that the air/face plate/water interface imposes.
Objects appear to be about one-third closer or larger, or some combina-
tion of being closer and larger than they actually are. ,

10
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highly experienced divers, having several years of diving, are able to
compensate almost completely for the distortion immediately upon entering
the water. Less experienced divers have considerable difficulty in reach-
ing for objects, the degree of competence being related to the amount of
underwater experience (Kinney et al. , 1970; Ross et al. , 1969).

Refraction at the face plate produces not only an increase in apparent
size and/or closeness of objects, but various distortions which include the
"pincushion" distortion of rectangular objects, curvature imparted to
straight lines, the false angling of planes such that, for instance, the bot-
tom, when viewed from above at a slant angle, will appear to slope upwards
away from the viewer (Kinney et al. , 1970). Of a variety of other visual
effects that can occur, an overall shift in color sensitivity is possible. In
the Sea Lab I case, the water was exceptionally clear, and at a depth of
200 feet most of the light was filtered out except the blue-green region
(Figure 2). A diver regarding this water volume was exposed. to a complete
field of diffuse, blue-green light. The conditions were appropriate for
almost complete color adaptation to take place so that the sea background
changed from being blue-green to a colorless appearance. In this condition
normally neutral colors appear yellow-red. It was also noticed that divers
increased their sensitivity to red colors so that, after a time, they could
see red-colored objects not originally visible.

A modification of vision underwater is produced by the restriction of
visual angle in the face plate. Average figures are provided by Weltman
et al. , 1965:

TABLE 2. RESTRICTION OF VISUAL ANGLE IN THE FACE PLATE

Visual field
Normal through typical
Visual sport diving
Field face plate

Upward 60° - 70°

Either side 1000

Downward 80°

60°

50°

1 0 0

.7614.4

12
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As Weltman et al. point out, simply replacing the face plate with a larger
one has some inherent optical problems. A ray of light at an angle of
incidence of 68. 2° to an air-water interface is totally reflected. Multi-
plane masks and contact lenses (Faust and Beckman, 1966) offer some
advantages, along with a variety of operational difficulties. Lythgoe and
Hemings (1967) have shown that the use of polarizing filters in the face
plate can improve detectability by increasing contrast ratios; as much as
15% increase can be obtained. Thus, while vision is restricted and modi-
fied considerably for the diver, the evidence suggests that experience in
the water enables divers to compensate for the alterations.

AUDITION. Studies by Brandt and Hollien (1967, 1969), Neely and Forshaw
(1965), Hamilton (1957), and Wainwright (1958) have indicated that the
underwater loudness (SPL) thresholds are from 30 to 60 dB higher than
those found in air, the difference increasing with test frequency. Brandt
and Ho llien (1969) found no effect of depth down to 105 feet.

Unpublished studies have indicated that sound localization is
practicable underwater, both for the free swimmer and for the diver-pilot
of a SDV (Swimmer Delivery Vehicle).

Tests conducted at the University of Florida, Communication
Sciences Laboratory, indicate the generally inadequate quality of under-
water speed communication equipment. Intelligibility scores (max. 52. 3%)
are below that required for normal comprehension requirements.

TACTILE SENSITIVITY. In murky, turbid, or dark waters, the diver
may rely considerably on his sense of touch. Bowen (1967) found that 2-point
touch sensitivity of the fingertips deteriorated with an ungloved hand as
a function of water temperature and period of exposure. After 2-1/2
minutes exposure in 47°F. water, the 2-point threshold increased nearly
three times; after 25 minutes, it increased to nearly five times that of
dry land values.

WORK PI7RFORMANCE, STRENGTH, MOBILITY

In this category, underwater behaviors which are energetic and in-
volve muscular effort as a primary parameter are considered.

The mechanical and dynamic conditions which are imposed on the
diver ;i.; compared to man in the normal, dry terrestrial environment
need to be considered. When a man enters water from air, he encounters
a physical medium which is approximately seven times more viscous than
air, in which he is neutrally buoyant (approximately); has much reduced
traction, is partially unstable,, and in which he normally needs to swim in
order to get around.

13
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The available evidence on human performance underwater and in simu-
lated reduced traction environments indicates that the following decreases
in performance occur:

Overall, there is a reduction in force producing capabilities
and work producing characteristics (Pauli and Clapper, 1967;
Streimer et al. , 1968).

There are increased energy investments in accomplishing a
work unit (Springer et al. , 1963; Streimer et al. , 1967;
Streimer et al. , 1969).

There is an increase in task accomplishment times (Dzendolet,
1966; Streimer and Springer, 1963; Streimer et al. , 1968;
Bowen, 1967).

In terms of overall work activities, the studies by Andersen (1968)
and Andersen et al. (1969) demonstrate the abilities of the diver to trans-
port himself and a payload over a prescribed course of 780 feet. Speed
over the course averaged between 1.2 to I. 3 knots, with th.:, divers
dressed in wet suits, wearing fins, and breathing on SCUBA. They car-
ried in a sling 3-, 6-, or 9-pound weights in addition to their usual weights
worn on the weight belt to provide neutral buoyancy. An older study
(Cooperative Underwater Swimmer Project, 1953) found an average speed
of 0.96 knots over half-a-mile course.

In terms of manual work, Bowen (1967) tested grip strength, and
found very little loss until the diver became cold. On the average, the
grip strength on dry land was 55.4 pounds; after 24 1/2 minutes exposure
to 47°F. water, grip strength fell to 47.4 pounds.

Streimer et al. (1968) report torque outputs of the diver as a function
of wheel diameter. Using 6, 12 and 21 inch wheels, the study found ap-
proximately a 25% decrease in torque output for each wheel size where the
torque outputs in air were 48, 90, and 167 ft. -lbs. respectively. These
decreases in power output seem characteristic of the diver applying force
without the benefit of any harness to make up for his loss of traction.

In terms of individual differences, Weltman and Egstrom (1969) found
that an individual's ability to exert force underwater is closely related to
his ability to exert force on the surface. A relatively strong man on the
surface is also relatively strong underwater..

14
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diver teams were compared. Novices were about 60% slower than the ex-
perienced teams in a tank. When the experiment was moved to the ocean,
the novices' times increased by another 26%. The experts' times did
not change.

Activity analysis revealed why the experienced divers were doing
better. The most significant finding was that the advantage of the experi-
enced divers was not in working faster but in spending less time doing
non-productive activities, such as checking instructions, communications,
idle observations, etc.

DIVER RANKING OF WORK FACTORS

In the diver observation program associated with Sea Lab III, divers
of the construction team and of the salvage tearri were asked to rank 10
diving factors in order of importance to successful task completion.

TABLE 4. MEAN RANK OF IMPORTANCE OF DIVING FACTORS
(AFTER WELTMAN, 1970)

Diving Factor
Construction

Diver s Ranking
Salvage
Divers Ranking

Inter-diver communication 2. 3 ( 1) 6. 5 ( 8)

Special tools or equipment 4. 0 ( 2) 7. 1 (10)

Cold protection 4. 2 ( 3) 4. 9 ( 4)

Freedom of movement 4. 3 ( 4) 3.6 ( 1)

Current, sea state, depth 4. 3 ( 5) 5.7 ( 6)

Visibility 5.0 ( 6) 4. 8 ( 3)

Diver strength/endurance 7.0 ( 7) 4. 5 ( 2)

Diver buoyancy 7.2 ( 8) 5.9 ( 7)

Diver stabilization 8. 0 ( 9) 5. 2 ( 5)

Communication to surface 8.7 (10) 6. 8 ( 9)
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Weltman zomments: "The team members agreed among themselves
regarding the rankings, but the two team rankings differed in several
respects. The salvage group seemed rather 'diver centered.' Factors
dealing with the individual's ability to perform were judged most impor-
tant; those involving inter-diver or diver-surface communication, or
diving aids, were judged least important."

The judgments overall seemed to be task specific and would probably
change as a function of the particular requirements of the task and the
diving milieu. It may also be thought that the response of the salvage
divers reflects the "can-do" and individualistic attitude which may be
observed to characterize many Navy divers, and perhaps particularly
those engaged in salvage operations.

SUMMARY

In summary, a diver's sensing, responding and overall behavioral
capability tends to be reduced in the underwater environment. However,
the reduction is minimized when the diver is experienced in the water and
has developed the particular work skills required. He adapts himself to
the underwater work environment, partly by learning and adaptation and
partly by structuring his attitudes toward the task requirements.
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In addition to the quantitative literature just reviewed, there is a large
body of practical experience and diving lore concerning diver mobility,
manipulative skills, and the use of tools.

Sometimes the water is an ally rather than a foe. It is as easy--often
easier--to move vertically as it is to move horizontally. This can be a
great advantage when working on a large object, such as the hull of a ship.
In general, the neutrally buoyant diver finds it as easy to go in one direc-
tion as any other. It is a relatively simple matter to worm one's way
through a contorted space, performing a feat which might be impossible on
dry land.

In using tools, one looks for ways to stabilize oneself or one specifically
provides anchor holds. One applies power in short bursts when using a
power tool so that one's body mass can absorb the reaction with little
motion involved.

An experienced diver moves more expeditiously and more economically
than a novice diver. He consumes less gas and is less tired. A typical
skill to develop is the control of a "hookalc" gas line. A novice diver is
very conscious of the line, yet manages to get it tangled on objects or
around himself. An experienced diver, it seems, develops an ongoing con-
cept of where the line is in relation to himself and other objects. It is
much less of a hindrance to the experienced diver than it is to the novice.

COLD AND WORK PERFORMANCE

Cold has important debilitating effects on the diver and is a most com-
monly encountered stress. Cold effects on finger sensitivity have been
mentioned previously.

A. typical performance finding is that reported by Bowen (1967), using
a nut-and-bolt manual dexterity test.

TABLE 3. PERFORMANCE ON NUT-AND-BOLT TEST

Condition: Dry 72°F. 6 2°F . 47°F.
Completion Time (seconds) 69. 44 78, 12 84. 09 90. 36
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A variety of types of motion performances are impaired as a function
of the cooling of peripheral tissues and muscles (Bowen; 1966, 1967).

Additionally, there are deteriorations in mental performance. Sim-
ple, short tasks do not seem to be affected. However, tasks requiring
more prolonged attention, the use of memory, and time sharing between
task components seem vulnerable to the stress of underwater cold (Bowen,
1967). However, Vaughn (1968) has reported that divers exposed to 60°F,
for four to six hours, and with deep body temperatures fiklling 2°F., were
not adversely affected in terms of the control of a wet submersible. It is
possible that this task had been sufficiently practiced so that it had be-
come relatively easy, and thus was not affected by the cold state of the
diver s.

PERFORMANCE AND OTHER STRESSORS

As Wellman (1970) has reported, "A common occurrence in under-
water work is mistakes due to oversights, often of the simplest type.--
leaving things undone, forgetting equipment, not noticing critical signs,
etc."

Some of the effects may have been due to or contributed to by inert
gas narcosis. Specific performance decrements due to narcosis have
been shown (Kies sling and Maag, 1962; Baddeley, 1966; Adolfson, 1967).
In the ocean, as compared to chambers, the effects may be much greater
(Baddeley, 1966).

However, performance decrements are not universally found
(Baddeley, 1967). Weltman suggests that it may be necessary for the
individual to recognize that he is in a high risk situation before per-
formance is affected.

Weltman and Egstrom (1966) suggest that anxiety is the necessary
ingredient to precipitate performance deterioration and, possibly,
narcosis; and that the anxiety state is accompanied by "perceptual nar-
rowing" (an inattentiveness to peripheral stimulation) which renders the
diver less responsive to the environment.

PERFORMANCE IMPROVEMENT

Weltman et al. (1969) report studies of performance improvement
of diver teams on a complex assembly task. Experienced and novice
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SECTION III

SALVAGE AND DIVING SYSTEMS

In this section of the report, there are described the various ships,
submersibles, diving systems, equipments and tools which are represen-
tative of the Navy's present-day underwater capability. Where it has seemed
appropriate, we have included an analysis of the task functions involved in
operating the units. The description and analysis provide an overall cover-
age of the resources available for a salvage (or similar) operation; however,
there is no attempt to provide exhaustive coverage of every unit or system
in the Navy's inventory or which may be used in a salvage operation. One
of the truisms of salvage is that no two salvage operations are the same.
Over the years all manners of ships and equipment have been pressed into
service and, not infrequently, special equipment and procedures have had
to be fabricated and developed on the spot.

SURFACE SHIPS

At present, surface ships constitute the backbone of any salvage opera-
tion; they supply the basic capabilities to effect the salvaging of an object.
At the site of a salvage operation, the On-Scene-Commander may have any
or all of the following type vessels under his command.

OCEAN SALVAGE TUG (ATS). The ATS is the newest, largest, and most
capable USN salvage vessel afloat. The physical characteristics of this
ship are as follows:

Length: 28218"
Beam: 50 feet
Draft (max. ): 14'6"
Displacement: 2,929 tons
Speed (cruise): 13 knots
Range: 10, 000 miles

For on-board lift capabilities, the ATS has two main bow rollers that
can lift 75 tons each (150 tons total). The forward, auxiliary bow rollers
will each lift 30 tons. In addition, a variable ballast system can trim the
hull fore and aft for tidal lifts. A 10- and 20-ton lift is provided by cranes
fore and aft.

19
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An automatic towing machine can handle line pulls from 30,000 to
200,000 pounds.

Ample provisions exist for the support of both SCUBA (air and HeO2),
and tethered diving operations (air and HeO2). Two high pressure air
compressors serve to supply salvage air, and diver's air, and mixed gas
breathing requirements. Provisions are being planned for the installation
of a deep diving system (Mark I Deep Diving System). Such a deep diving
system will substantially enhance the useful bottom time of working divers
over that presently afforded by conventional techniques.

SUBMARINE SALVAGE SHIP (ARS). Of wartime construction, these ships
have been designed and fitted out for the mission of submarine salvage. A
typical vessel of this type has the following characteristics:

Length:
Beam:
Draft (max. ):
Displacement (max.):
Speed (max. ):
Range:

213.5 feet
43 feet
16 feet
2,000 tons
15 knots
8,000 miles

Regarding the on-board lifting capability, the ARS has two cranes, one in
the 8-10 ton range and the other in the 10-20 ton range. In addition, they
are port and starboard bow lift rollers, each rated at 75 tons for a total of
150 tons. Two auxiliary bow lift stations are each rated at 50 tons.

The diving capability aboard the vessel is presently limited to air only,
in the forms of surface supplied, tethered diving operations, and SCUBA.
The maximum safe diving depth is limited currently, therefore, to the
limits of air-breathing diving which is 190 feet for hard hat rig and 130
feet for SCUBA. In support of the diver capability is one double recom-
pression chamber, and two diving stations aft.

Other salvage equipments aboard are automatic towing gear (40, 000
lbs. rated), heavy duty fire pumps for dewatering compartments, power
generators, compressor, welding apparatus, beach gear (for hauling
stranded vessels off the beach), and special-purpose rigging for moving
the ship.
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SUBMARINE RESCUE SHIP (ASR). The primary mission of this ship s
that of the rescue of the crew of a disabled, submerged submarine. For
at least two reasons, an ASR would have a role in submarine salvage:

It has a mixed gas (He02) diving capability down to 300 feet;
a diving depth limit which exceeds the 190 feet diving capa-
bility of the ARS.

It is quite likely that following a submarine rescue phase,
the ASR would be on station available for a salvage role.

The features of this type of ship are as follows:

Length: 251.5 feet
Beam: 42 feet
Draft (max. ): 17 feet
Displacement (max. ): 2,300 tons
Speed (max. ): 14 knots
Range: 9,600 miles

The ASR has five boom lifts with capacities ranging from 2.5 tons to

12.5 tons. Also on board is the McCann Rescue Chamber (850' depth
limit), two recompression chambers, surface supplied He 02 equipment,

He 02 and air SCUBA gear, and extensive deep sea mooring gear.

HEAVY, MEDIUM AND LIGHT LIFTING BARGES (YHLC, YMLC, YLLC).

Various craft under these categories are often employed for surface lift
roles. The lift capabilities range from a few hundred tons to nearly
2,400 tons. A feature found to increase lift capability of the YMLC is
capability for deballasting the hull and changing the draft by several feet.
These barges usually include provisions for a diving locker, diving com-
pressors, and pumps for deballasting.

ASR-21 CLASS (NEW). This is a new class of submarine rescue ship that
incorporates a catamaran-type hull design. There are two ships of this
design already under construction and, at the time of this report, one
ASR-21 has been launched and is undergoing sea trials. As the designation
denotes, this new class ship has been configured for its primary mission
of rescuing trapped submariners. However, since it is quite possible that
this type of ASR would be on a near-future submarine salvage scene after
completing the personnel rescue operations, it is appropriate to consider
the application of this ship and her associated subsystems to a salvage

operation.
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The ship is 251 feet in length, 85 feet overall beam, draws 19 feet,
has a cruise speed of 14 knots, a maximum range of 10,000 miles, and
can moor in up to 850 feet of water. In addition to two McCann Rescue
Chambers, this ASR is configured to carry two primary subsystems with
relevance to both rescue and salvage efforts. These equipments are the
Deep Submergence Rescue Vehicle (DSRV) and the Deep Diving System
(DDS) Mk II. The DSRV is a deep diving submersible designed to mate
with the hatch of a distressed submarine and effect the rescue of the
trapped crew. The DDS Mk II is a saturation diving system designed to
support mixed gas diving operations down to 850' and contains two deck
decompression chambers (DDC), two master control consoles (MCC) for
diver life support control, and two personnel transfer capsules (PTC) to
transport the divers to and from the DDC.

Deck control stations for handling, servicing, launching and recover-
ing the DSRV's 'and, operating the Deep Diving System are provided. A
Deck Operations Control Station has control consoles for monitoring and
controlling the major handling systems. Television monitors are pro-
vided for observing the submerged launch and recovery operations of the
DSRV. A space is also provided for men and consoles controlling the
conditioned breathing gas for the DDS Mk II; these life support systems
include CO2 scrubbing and temperature and humidity controls. The
Rescue Control Center is the nerve center for controlling the operations of
the DSRV. It can also serve as a control center for the OIC Submarine
Search and Rescue, employing such systems as underwater communica-
tions, radio communications, data processing, data recording and sonar
display and plotting (including a 3-D sonar to track the DSRV, or to posi-
tion the ASR relative to deep ocean transponders). There has also been
consideration given to providing a portable Salvage Operations Control
Center (SOCC) that could be installed aboard an ASR when the need arises.
The SOCC would afford salvage command personnel with computer-
assisted salvage data acquisition, monitoring, processing (computation)
and display capabilities regarding such parameters as breakout force
required, lift applied, buoyancy change rate, moor stability, and life
support systems status.

It can be expected that an ATS, ARS, or ASR would be the Salvage
Operations Control Center from which the On-Scene Commander would
make his disposition.

22

27



NAVTRADEVCEN 69-C-0116-1

The functions to be performed and/or supervised by SOCC, which
have been described briefly in connection with the capability of the ASR-
21 Class, cover the following categories of operations:

Perform status keeping and monitoring operations regarding:

Weather/sea conditions
Oceanography information (currents, turbidity, thermoclines)
Critical salvage parameters (wreck attitude, cable tension),

deployment times for submersibles and divers
Location and status of surface units

Develop "salvage calculations" with respect to moor design
and stability, breakout force required, design of buoyancy
package (e. g. , number and disposition of dewatering pontoons),
buoyancy change rate, etc.

Monitor all interunit communications (sound power telephones,
radio telephones), make situation reports as required to
higher command (radio telephones, radio teletype).

Decide on operational deployment of surface units, buoyancy
package, movement of force if successive lifts required,
deployment times and tasks for divers and submersibles.

Operate handling systems for submersibles, diving systems
and underwater units (e. g. , TV); typical launch and recovery
operations involve the use of cranes, booms, cradles, winches,
and lines.

Monitor and control communications links (underwater tele-
phone, hardwire connections) to divers and submersibles.
Disseminate status information appropriately.

Monitor and control life support equipment (breathing gases,
heating) to divers, deck decompression chambers, and per-
sonnel transfer capsules. Interpret status displays and make
required control adjustments.

Monitor telemetered diver physiological parameters.
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Prepare any necessary rigging operations (cables, fittings) for
equipment to be deployed underwater (pontoons, submersibles,
tool systems).

SUBMERSIBLES

Submersible vehicles represent a bewildering array of units. We
shall consider here only those units which are likely (it is believed) to be
manned by Naval personnel and for which training is being or is likely to
be afforded.

DSRV: DEEP SUBMERGENCE RESCUE VEHICLE. The DSRV is a deep
submergence vehicle 50 feet in length, 8 feet wide and about 68,500
pounds in weight, designed to operate at a maximum depth of 5,000 feet.
It has the ability to perform a 3-hour rescue mission, a maximum sub-
merged speed of 4.5 knots, and carries a crew of three: pilot, co-pilot,
and crewman. A prominent design feature is the joining together of three
steel spheres to form the crewspaces: the control sphere for the pilot
and co-pilot, the midsphere attached to the mating shirt for the No. 3
crewman and rescuees, and the aft sphere for rescuees. Each sphere is
capable of maintaining its own pressure environment. The primary mis-
sion of the DSRV is to descend to and mate with the hatch of a downed
submarine to rescue up to 24 trapped crew members at one time. The
vehicle can be transported to the site, launched and operationally sup-
ported from either the ASR-21 class rescue ship or a specially modified
attack-type nuclear "mother" submarine. Only two DSRV's are currently
funded. DSRV-1 was launched on January 24, 1970, and is undergoing sea
trials. It is likely that after a submarine rescue phase has terminated,
the DSRV would be available to support any salvage efforts.

The three-man crew (pilot, co-pilot, crewman) of the DSRV, operat-
ing in a shirtsleeve, 1-atmosphere environment, have many potential
salvage capabilities at their command. A wide array of sensor systems,
namely, high-intensity lights for optical viewing, television and camera
systems, active sonar (obstacle avoidance and high resolution) and passive
sonar, qualifies this vehicle as an effective means for surveying a wreck
to determine, for instance, the work requirements of the salvage task.
In fact, it is likely that the DSRV crew would have obtained information on
Ow conditions of the wreck while making excursions to and from the
downed sub during the rescue phase. The DSRV would also be able to
communicate directly to her support ship by means of an underwater tele-
phone (UQC). She also has a central processing computer to aid in the
functions of sensor data processing and display, vehicular control, and
navigation.
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The midsphere area above the mating shirt is presently engineered to
produce a hyperbaric environment of 5 atmospheres (165')--thus affording
a modest diver lockout capability presently, with an increased capability
possible down to 600'.

Also controlled from the midsphere is a mechanical manipulator arm
that can grasp, cut cables, and direct a water jet. The manipulator arm
could afford a capability for clearing debris from a wreck, and performing
simple rigging tasks without committing a diver to the water.

In addition, in the mating shirt, a hook and winch assembly is pro-
vided to facilitate mating in a current or steep angle (maximum 45° in
pitch and/or roll). This hauling capability, coupled with the magnetic
anchors used to stabilize the DSRV during rendezvous and mating, could
be useful in the clearing of metallic debris and the preparation and rigging
of a submarine for salvage lift.

The analysis contained in Appendix A lays out the basic operations
and work tasks performed by the crew of the DSRV and by the supporting
ASR as these may be specified at the present time. The analysis typifies
a modern submersible operation and characterizes the procedural detail
and complexity which are becoming common in underwater systems. The
training requirements which develop from this analysis are defined in the
following section of thie report.

TRIESTE II. The Trieste II is the Navy's only operational bathyscaph,
and its deepest diving DSV, (20, 000 feet). A bathyscaph uses aviation gaso-
line for position buoyancy,- an iron shot for negative buoyancy (which can
be dropped as the Trieste II descends and the gasoline cools and com-
presses with increasing depth). The Trieste II has a 5-ton payload and
endurance of 5 hours at 2 knots. The 7.2 foot diameter control sphere is
the pressure-resistant and watertight space for the two-man crew, the
pilot and co-pilot. A third person may be carried. The control sphere
protrudes from the main hull or float which contains 47,000 gallons of
gasoline. It is the float which mainly contributes to the overall dimensions- -
75 feet in length, 15 feet in beam, and 14 feet, in height. The Trieste II
must be towed to and from the operating area and supported on site by a
vessel, such as an ARD (BS) or an LSD.

The operational capabilities of Trieste II are provided by a mechani-
cal manipulator arm, TV cameras and external lighting for search and
viewing the operation of the manipulator a: m, a Mk 15 navigational com-
puter, a CTFM sonar display, and an optical viewing system.
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This DSV has already successfully performed as a deep diving plat-
form iri search of a lost submarine when it found the main portion of the
USS THRESHER hull in 1965, and documented its finding with a series of
photographs taken at 8, 400 feet.

A simulator for the Trieste II is located at the Submarine Development
Group I in San Diego. The simulation is of the control sphere, including
operational sensor, navigation, vehicular and manipulator arm control
equipments, and all controls and displays. The device provides training
dives for Trieste II pilot trainees. In addition to simulating normal opera-
tions, such malfunctions as "dribbling" shot, ruptured gasoline tanks,
Mk 15 navigational computer failure, overloaded motor, and the loss of
400-cycle current can be imposed. The simulation lacks any rotational or
translational motion; this absence is probably of very little significance
because pitch and roll angles are small and acceleration rates are low in
the real vehicle.

SWIMMER DELIVERY VEHICLE (SDV) AND CONSTRUCTION ASSISTANCE
VEHICLE (CAV). The SDV and CAV are examples of "wet" type sub-
mersibles that are currently being developed by the Navy. The crew
members, in both cases two men, are divers and are immersed along with
the vehicle. They use SCUBA gear and are dressed in wet suits. The pur-
pose of the SDV is to transport the divers underwater. Presently the SDV
is thought of only as a Naval tactical system. A limited number of SDV's
have been made, and sea trials and crew performance tests have been con-
ducted. Vaughan (1968, 1970) has reported on the ability of divers to con-
trol, keep depth, and navigate an SDV. His studies indicate that experienced
divers can operate an SDV very adequately. While cold is the chief stress
experienced, the degree of cold is not sufficient to impair performance
noticeably.

The CAV is an experimental wet-type submersible to be operated by
two divers using wet suits and SCUBA gear. It is being developed by the
Naval Civil Engineering Laboratory. Its purpose is to provide a man/
machine equipment transport platform to assist divers in performing con-
struction and repair tasks, and would therefore have likely application
for salvage. The CAV is 27' long and 10' in width. It is electro-hydraulically
propelled and has a maximum operational depth of 120 feet. The cockpit
contains a mechanical/hydraulic control system, without any electrical
connections near the diver. The vehicle has a dead weight of 18, 000 pounds
and will carry an equipment payload of 2,000 pounds and several additional
divers if required.
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DIVER PROPULSION UNIT (DPU). A Diver Propulsion Unit (DPU) is a
small, propeller-driven unit which the diver hangs onto. There are a
variety of models, some of which are in standard Naval use.

The advantages of the DPU are low cost and simplicity due to the
absence of the need to fabricate spaces for crew members, relative inde-
pendence from surface support and sea conditions, and the fail-safe
features of easy diver "bail-out" in the event of a maneuverability problem.
Its relatively small size makes it quite maneuverable in close quarters.
A DPU may be adapted to provide a source of additional breathing gas, and
pneumatic or electrical power to drive power tools.

DIVING EQUIPMENTS

The apparatus and equipments available to enable the salvage diver to
perform useful work in the sea are many. They are varied in their com-
plexity and capability. The diving packages to be described first are those
to be found aboard ATS, ARS, and ASR ships. Then the systems under
development will be described.

TETHERED DIVING APPARATUSES. There are two basic types of tethered
diving rigs currently in use: the Deep Sea Diving Outfit and Lightweight
Diving Outfit.

Deep Sea Diving Outfit. This familiar rig is composed of a heavy, solid,
watertight helmet and canvas suit, weight belt and weighted shoes. The
diver's breathing mixture (compressed air or mixed gas) is supplied to him
from the surface through an air hose. The diver's ascent and descent is
controlled by a liftline from the surface; hardwire communications also
exist between the diver and surface.

The primary advantage of this outfit is the maximum physical protec-
tion afforded the diver while doing such heavy salvage work as the washing
of a tunnel under an imbedded wreck, rigging of slings and pontoons, clear-
ing of debris from the wreck, operation of heavy tools in effecting repairs
to the hull of a wreck, work in heavy currents, mud and bottom ooze, and
inside ships.

Lightweight Diving Outfit. This outfit consists of a full face mask, a heavy
canvas suit, weight belts, and weighted shoes. Air is supplied only to the
face mask, rather than the entire suit as in the deep sea outfit. There is
considerably more mobility provided the diver with this apparatus; however,
communications via a bone conducting device are not as effective as the
speaker/microphone in the helmet of the deep sea rig.
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In both of the above-surface-supplied tethered outfits, the diver must
constantly be on guard against fouling his air line, and is dependent upon
a lifeline for ascent and descent. His mobility is considerably less than
that possible with SCUBA. However, the diver's endurance is generally
greater than with SCUBA, due to unlimited breathing gas and the exterior
and thermal protection supplied by these diving rigs.

SELF-CONTAINED BREATHING APPARATUS (SCUBA). There are three
different diving packages in this category: open circuit/demand; semi-closed
circuit, and the closed circuit. The swimmer is free from surface attach-
ment, and in control of his submerged movements. At present, however,.
SCUBA is not approved for use within ships during salvage operations.
Open Circuit-Demand. The Open Circuit-Demand Rig is the simplest and
most frequently used SCUBA gear in USN salvage operations. The diver
carries cylinders of compressed air on his back, with the amount of air
delivered to his breathing mouthpiece controlled by a pressure-reducing
and depth-sensitive regulator built into a mouthpiece. The diver draws
air as he needs it (demand) and exhales into the water through his mouth-
piece (open circuit). Other components of this outfit consist of a face mask
(covering nose and eyes), fins for the feet to enhance propulsion, weight
belt, and very often a tight-fitting neoprene wet suit for thermal insulation.

Semi-Closed Circuit. This system was developed to conserve the diver
gas supply for diving at deeper depths. It is a mixed gas system, either
nitrogen/oxygen or helium/oxygen, where the proportion of 02 selected
(60, 40, and 32. 5% 02 is common) is proportional to the depth of the dive.
The diver employs a full face mask or mouthpiece to obtain a regulated
gas supply. A major proportion of his gas supply is rebreathed after it
passes through a baralyrne canister to absorb CO2, with a certain amount
of the mixture continuously discharged into the water (thus, semi-closed
circuit). In other respects, the equipment used by a diver with this breath-
ing apparatus is the same as with open circuit. The Mk VI has been the
standard model of this system, with the Mk VIII and IX being used in the
exercises associated with Sea lab III.

Closed Circuit. In this system, the diver breathes in and out of a breathing
bag, with a CO2 absorbing canister between the diver and the breathing bag.
Pure oxygen is used as the breathing mixture and little, if any, of the gas
is exhausted (closed circuit). A pure oxygen mixture poses a severe limita-
tion on the use of this system, as pure oxygen becomes toxic at a depth
greater than 1 atmosphere (33 feet) and at lesser depths after a stipulated
"safe" period is exceeded. Its use is therefore restricted to experienced
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and qualified personnel. The advantages of this sytem are its light weight
and portability, and the absence of exhaust bubbles. It is suited, there-
fore, to clandestine operations. It is seldom, if ever, used in salvage
work.

Self -cont..ined diving equipments, in summary, present the advan-
tages of diver mobility necessary for light to medium work, and ease of
employment. On the negative side, communications to and from topside
are not nearly as effective as with the hard wire connected tethered
diving systems, and the diver has limited immersion time.

DEEP DIVING SYSTEMS. The diving equipments described above repre-
sent the current inventory of means of providing life support under the
water. The Mk I and Mk II Deep Diving Systems represent the current
Naval development of complex diving systems enabling, if desired,
saturation diving and diving depths to 850 feet or more. The two systems
are similar, with the Mk I being a lightweight and transportable version
and the Mk II being a larger, "heavy-duty" version.

The Mk I DDS will provide the capability to transport two divers at a
time to a depth of 850 feet (with a decompression capability to 1000 feet).
Up to four men can be supported working in two-man teams alternately
diving to the working depth, with a total mission time up to 29 days. The
system is scheduled for installation aboard the new class of salvage tug,
the ATS. Seventeen other crew members on board are required to support
system operations. This system is also air transportable in two C-141's.
The Mk I DDS is currently undergoing test and checkout at the Naval Civil
Engineering Labs in Port Hueneme, California.

The MK I DDS contains a Main Control Console (MCC), a Life Sup-
port System (L55), a Deck Decompression Complex consisting of two Deck
Decompression Chambers (DDC) with an Entrance Lock (EL), a Per-
sonnel Transfer Capsule (PTC) and a handling system. The MCC, the
heart of the system, contains the controls and displays for regulating and
controlling the DDC's, EL, PTC, power, breathing gas, pressurization
lighting, communications and TV surveillance. The LSS provides breath-
ing gas for the DDC's and EL, carbon dioxide removal, humidity and
temperature control, hot and cold water, and treats waste from the
chambers.

1,:ach of the two joined DDC's accessible through the EL (the pres-
surized ,nt ranceway to the DDC's) can support a two-man team of divers
in the required barometric environment either for a rest period between
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dives, or to undergo decompression after terminating a mission. The DDC
provides essential living accommodations and life support, and a pres-
surization capability down to 1000 feet.

The PTC is the pressurized chamber which serves to transport two
divers from their surface environment (1 atmosphere or pressurized
DDC, as the case may be) to the submerged work environment. Bottles
are attached to the outside of the PTC and supply breathing gas to the diver
through an umbilical. The umbilical also carries a communication line.
Access and egress are accomplished through a double hatch (lock-out).
All monitoring, control, and communications functions are self-contained,
with electrical power supplied via a strength/power communication (SPC)
cable from the surface ship.

The PTC is designed to mate with the DDC complex, one side of
which is pressurized to the working depth of the PTC. This enables the
divers to transfer to the DDC and to rest between dives, while keeping
them at the pressure of their wet working environment. When the divers
have completed their work, the DDC is used to decompress divers as
required.

Mk II DDS. The Mk II DDS functions very much like the Mk I DDS, except
that it is larger and heavier. It is not portable, and is scheduled for per-
manent installation aboard the ASR-21 class ship.

The major components of this system are two DDC's (one each in-
stalled in each hull of the catamaran ASR), two main control consoles
(MCC), two FTC's, two deck winches, two SPC's, two submersible
winches, and life support systems for the DDC's and PTC's. Each PTC
and DDC is capable of supporting four-man diving teams.

The PTC is guided to its work site by means of a detachable submer-
sible winch containing a down haul cable. The anchor is carried to and
implanted at the work site. The positively buoyant PTC, attached by a
cable to this anchor, would thus float above the anchorage during diving
operations. Descent is controlled primarily by the submersible winch
and may be operated by the divers in the PTC while ascent is primarily
controlled by a deck winch.

rho DDC is 23-1/2' long and 7-1/2' in diameter, it is divided into a
5-coot-long outer entrance lock and an 18-1/2'-long inner lock; it has a
'.op-mounled mating/transfer lock and an end-mounted service lock for
supplies. The DDC and the PTC can be pressurized to accommodate the
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hyperbaric working environment experienced at 850-foot working depths.
The DDC habitat can continuously support divers for a work period up to
14 days.

The two MCC's are the two-man operating stations for the monitoring
and control of gas flow, electrical power supply, and communications for
the DDS. Each MCC is located next to the DDC it controls. In more
detail, each MCC provides the appropriate controls and displays for mating
and unmating, of the PTC and DDC, changing of internal pressures, control
of lock valves, CCTV presentations, pressure indications, and communi-
cations.

The PTC is a 7-foot (ID) diameter sphere that transports up to four
divers from the surface ship to working depth. Electrical power is
delivered to the PTC from the surface ship via the SPC cable. Gas for
breathing (He02) and pressurization is stored in self-contained tanks.
Because of planned short confinements for personnel in the PTC, no attempt
was made initially to control the temperature or humidity of the PTC.

During testing of the prototype version of this system in conjunction
with Sea lab III trials it became apparent, in using the PTC to depths of
600', that divers were considerably chilled before entering the water. It
is thought that the chilling may have contributed to the fatal accident in-
curred during the early, and subsequently abortive, stages of Sea lab III
deployment. The system is presently undergoing major redesign due to a
number of equipment and operational problems. In the redesigned system
there will be a temperature-controlled environment for the PTC and the
means for warming the suits of deployed divers.

Saturation Diver Breathing Systems: Mk VIII and Mk IX. To compensate
for the increased volumes of breathing gases used at greater diving depths,
means other than self-contained or surface-supplied mixed gas (He02)
breathing systems have had to be developed. Such breathing systems are
necessary for use in conjunction with Sea lab-type habitats and the Mk I and
II DDS's. Semi-closed circuit design systems are appropriate for this
purpose. The significant feature of the new systems is that the primary
gas supply is via an umbilical from storage tanks aboard the habitat or
PTC. It is termed the "Hookah" system. In the case of failure of the main
umbilical supply, the diver may switch to makeup gas from two 11.5-liter
tanks on his backpack, providing enough breathing gas (180 cu. ft. ) to more
than "get home" as a free swimming diver after disconnecting his umbili-
cal. Exhaled gases pass through a baralyme canister for the removal of
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CO2. The Mk VIII breathing system weighs 150 lbs. in air and is neutral
in the water. An oral/nasal mask within a "Clamshell Helmet" (a con-
ventional mask and mouthpiece may be used) contains a microphone that,
through hardwire connection through the umbilical back to the PTC/habitat,
establishes a communication link to the surface. In addition, the umbilical
can carry a hot-water line to supply an open circuit hot-water suit that
the diver may wear. By using a valve, the diver may regulate the flow
of hot water through the hot-water wet suit to achieve the desired heating
effect. The source of the hot water was planned to be from a surface ship
for Sea lab III. Various other "hot-suits" have been developed depending
either on electrical batteries or a radio-isotope cell as power sources to
be carried by the diver. In this regard, it can be expected that consider-
able _ 3search and development work will be undertaken before any
standardized method of heating the diver is established.

The 30-pound Mk IX semi-closed circuit system is a lightweight pro-
totype that was to have been evaluated during Sea lab III. It has a consider-
ably smaller emergency gas reserve (just enough to get home), making it
strictly a tethered rig.

With both the Mk VIII and Mk IX breathing apparatus, the diver must
be thoroughly acquainted with the hardware, for he must dissassemble,
clean, inspect, and reassemble the unit after each use. The heavy umbili-
cal, it should be noted, poses considerable restrictions on his mobility

and work effectiveness.

Tool Systems. There is an extensive array of tools which the Navy salvage
diver may employ on salvage tasks. Some of these tools are specifically

designed "underwater tools," while others are more or less conventional
tools utilized in underwater work. A brief survey of the more frequently
used tools will be provided. For the purposes of exposition, the various
kinds of tools may be considered to fall within the following classes:

Manual tools
Self-contained power tools
Surface supplied power tools
Sensing devices
Miscellaneous

Manual 'tools. In many instances, conventional hand tools are used for
accomplishing light work. Hammers, wrenches, hack saws, bolt cutters,
chisels, etc. , are in everyday use. Generally, such tools are those in

common use. The diver's problem is to learn to use them effectively in

the underwater condition.
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Self-Contained Power ools. The majority of these tools employ an explo-
sive charge (usually a modified firearm cartridge of .38 or . 45 caliber) to
apply the necessary working force. There are three tools of this type cur-
rently in use:

STUD 38 Driver--This "single shot," hand-held device can fire a
threaded, solid stud into 0.5" steel plate or concrete for the
purposes of installing light patches or padeyes. This lightweight
stud driver can be used to a depth of 300 feet and a stud, properly
installed, can have a pull-out strex-gth up to 4,000 pounds.

Model D Driver--This is a heavier duty version of the above stud
driver, employing the same explosive operational principle. It
can be used in depths up to 1,000 feet, and uses a larger, solid or
hollow stud (for attaching air fittings); it also can fire a 5/8" hole
punch. The solid stud can penetrate up to 1-1/8" of structural
steel plate, yielding an average pull-out strength of 29,000 pounds.

Power Velocity Padeye--Prefabricated, explosive-powered pad-
eyes are available to facilitate the job of providing attachment
points on the wreck for lift forces.

Remotely Supplied Power Tools. In this category would fall all the imple-
ments that a diver would use that are powered electrically, hydraulically,
pneumatically, mechanically or by means of gaseous fuel from the surface.

Oxygen Arc Electrode Torch--This is the most widely used under-
water torch in naval salvage operations and is supplied in such
tasks as cutting through steel plates or cables, burning holes and
welding.

Oxygen-Hydrogen Torch--Though still in tool inventory of diving
ships, this torch is used infrequently due to greater effectiveness
of the oxygen arc electrode torch.

U Slot Cable Cutter--This velocity power tool uses electrical power
to fire a special ballistic cartridge which, in turn, actuates a cut-
ting punch to sever the properly emplaced cable. It can cut steel
cables from 1/16" to 1-1/2" in diameter.

Knife-Edge Hook--In cases where light rigging, such as radio
antennae, needs to be cleared away, a three-foot-long, v-shaped
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hook with a knife-edged notch may be used. The hook is attached
to a ship's winch. When the diver has placed the cable to be
severed in the notch, he signals the ship to haul away until the
cable is cut.

Cable Lift Attachments - -To provide lifting force to move objects,
assorted hooks and other terminal gear attached by cables to the
ship's winches or cranes may be employed and rigged by the salvor
diver.

Chipping Tools--A chipping tool is used to clean off a metal object
of marine deposits. It is a hand-held tool usually pneumatically
powered.

Drills and Rotary ToolsThere exist a variety of rotary tools simi-
lar in appearance to a large hand-held drill. They are electrically,
hydraulically, or pneumatically operated. Most operate on an
impact principle. Some, such as the Battelle prototype, have both
a steady torque and an impact capability. This prototype is a 3/4
horsepower "safe" underwater electrical drill; it operates on AC
or DC and is operable down to at least 300 feet. Such tools are
used to bore holes or, more generally, to turn bolts or nuts.

Tunneling Jetting Nozzles-1n the cases where bottom sediment
needs to be washed away from the wreck's hull, or a tunnel under
the hull prepared for fitting a lifting sling, jetting nozzles pro-
vide the diver with a means to do so. These nozzles are fitted to
fire hoses, through which is pumped sea water by the ship's pumps.
The high-pressure water flow emitted from the nozzle thus affords
the diver a means for displacing bottom sediment away from the
hull. The nozzles are so designed to substantially reduce the
back force applied to the diver.

Tunneling Lance--Where the hull of a submarine is deeply im-
bedded, and there would be the danger of a tunnel collapsing on
the diver using a jetting -nozzle rig, a tunneling lance may be
used to feed a lifting sling around the hull. The lance consists of
a jetting nozzle attached to a curved section of pipe which is
supplied with a high-pressure water stream from the surface; as
the lance bores into the bottom near the hull, curved, rigid sec-
tions of pipe are added (shaped to the contour of the hull) until
the nozzl,3 emerges from the bottom on the opposite side of the
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hull. A messenger cable for a lift sling is threaded through the
connected pipe sections of the lance and the lance withdrawn once
this is done.

Sensing Devices. Sensing devices include underwater TV and a system
presently under development for sensing the interface between air and water
on the other side of a steel plate. A current example of a diver-operated
sensing device is the lightweight, 10-pound, hand-held sonar called the
DHS-2. This unit closely resembles the AN/PQC-1D recently acquired by
the Navy. The DHS -2 is 12 inches high including the pistol grip handle,
12-1/2 inches long and 4-1/2 inches wide. The control panel is located at
the rear of the device, and an illuminated compass is mounted on top. It
is designed for depths to 650'. The housing has been successfully pressure-
tested to a depth of 1, 000 feet. The applications seen for this device
include military, salvage, and commercial operations, where underwater
survey and localization functions are required. The DHS-2 primary infor-
mation display is a head phone assembly worn by the diver, which provides
an audio reproduction of passively received or echo-ranging signals. In
either the active or passive mode, the unit has diver selectable range
scale of 50, 100 and 200 yards. Nine D-cell batteries will power the device
in the active mode for 10 hours, and 20 hours in the passive mode. Opera-
tor training is required in signal discrimination and identification much
along the lines of that presently administered to shipboard sensor operators.

Miscellaneous.

Cement Gun. Occasionally, when preparing compartments for dewatering,
it is not possible to patch openings due to inaccessibility on the contour of
the hull. To secure these openings, a surface-supplied "cement gun" is
used to inject cement into the properly prepared fittings (as was done in the
S-51 salvage mission to seal the hull ventilation valve).

Salvage Hatch Cover., This is an ancillary hatch cover that is applied to a
hatch of the sunken vessel with special fittings (valves, pipes) to allow an
otherwise watertight compartment to be dewatered. A. diver enters the com-
partment to position the spill pipe as low as possible before the salvage
hatch cover is finally emplaced and bolted down.

Hydraulic Jacks. In cases where heavy objects need to be displaced a few
inches, a hydra'ulic jack can be employed. A typical jack can move 60 tons
up to 18 inches per stroke.
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Pontoon Systems. In addition to the dewatering of the salvage object com-
partments, and surface winching, salvage pontoons constitute an effective
means of developing lifting force for the salvage object. By and large,
properly rigged salvage pontoons are more stable in higher sea states than
a surface ship applying external lift through her winching systems. Rigid
pontoons have been successfully employed in the salvage of the F-4, S-51,
S-4 and the USS Squalus.

The rigid pontoon is a steel cylinder with three watertight compart-
ments, and covered by three-inch wooden planking. Each of the end com-
partments has blow, vent, flood and relief valves. The center compart-
ment has blow and vent valves. The two end compartments provide the
main lifting force, and the center compartment is used primarily to pro-
vide depth control when rigging the pontoon for a lift. With the two end
compartments flooded, the center compartment will support most of the
35-40 ton dead weight of the pontoon, save 3.5 tons negative buoyancy, neces-
sary for positioning stability. The various types of pontoons available
(types 1, II, III, IIIA) provide net lifting forces from 60 to 90 tons each.

Flexible pontoons (large air bags) are also in use and are being
developed to provide a more conveniently transportable pontoon.
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SECTION IV

TRAINING IMPLICATIONS

INTRODUCTION

The foregoing material has set out data concerning the Naval forces and
systems that are available for salvage, with particular attention being paid
the human diver.

The implications for training in salvage operations are now considered.
The analysis of training requirements is approached by means of describing
a model of a salvage system. This model is descriptive rather than analytic
due to the fact that formal salvage systems do not exist in the sense of being
prefigurec; systems with defined capabilities. Rather, the Navy mobilizes
a salvage force to meet a salvage requirement, so that salvage systems are
variable to meet the circumstances of a given case of salvage.

Following the description of the salvage mo: 1, the specific training
implications for topside personnel, diver and diver/equipment operations,
diving systems, and submersibles are considered.

SALVAGE SYSTEM MODEL

GENERAL CONSIDERATIONS. The present state of affairs in Naval salvage
is that the Navy maintains a diversified capability for operating under the
water. There exist certain equipments specifically designed for salvage
(c. g. , underwater pontoons), but the great majority of equipments are more
general-purpose in nature and provide a generalized capability. This capa-
bility is mobilized selectively for any particular salvage event. Depending
on the salvage circumstances, equipment may be more or less available
and more or less specifically adapted to the salvage task. Probably the
major salvage event for which the Navy is best prepared is the case of a
.stranded vessel. Hence, for this case there exists a substantial body of
experience, and an appreciable number of personnel have some on-the-job
experience of refloating a stranded vessel. Specialized equipment called
"Beach Gear" --by which large traction forces can be applied to a stranded
vessel--is standard equipment on ARS's and other vessels. The Navy is
also well-prepared for small-scale operations in shallow waters. Harbor
Clearance Units (HCUs) are operational units which undertake a great
variety of underwater tasks usually but not necessarily associated with the
clearing of docks, harbors, and navigable channels.
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The Navy is probably least prepared for salvage of large objects from
deeper depths. The original LOSS (Large Object Salvage System) program
was engendered to remedy this deficiency, a deficiency which the loss of
USS Thresher had made plain. Operations at the deeper continental shelf
depths (down to approximately 1,000 ft. ), and the handling of large objects
at these depths, it was recognized, required special, capabilities. Some of
these capabilities are in the process of being realized, such as the diving
capability which may be expected from the Deep Diving Systems and manned
submersibles.

It should be noted that LOSS represented something more than an in-
crease in depth and size of object in salvage operations. It was conceived
of as a system in the same terms as other systems; that is, it was
established as a plural entity with;

A purpose;

A mission profile (the maximum mission profile was the sal-
vaging of an intact fleet-type submarine from 850 ft. );

A, specified complement of personnel and materiel;

A set of specified subsystems;

A continuity over time such that it would be available in a state
of readiness to be utilized as needed.

It was to be a designed system with functions and tasks defined within the
purpose of providing the capability desired. Within such a "system" con-
text, the training implications, and requirements may be readily developed
out of an analysis of the tasks to be perform e.d by the personnel.

However, the actuality is different. A credible salvage system at the
present time is one which is a mobilization of resources. It will be ad hoc
and composed of the vessels, equipment, and personnel that are available
and appropriate for the salvage task. As has been the practice in the past,
the "salvage system" will be created on the spot as a response, within the
resources available, to the particular problem of salvage which is being
tackled.

The training implications for this type of temporarily mobilized sys-
tem are appreciably different from those for a structured system. In the
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latter, men carry out more or less prefigured procedures and perform tasks
of a relatively specified nature. The effectiveness of a structured system
is based in large part upon the assumption that tasks are definable, and men
can be previously trained to perform these tasks.

In a mobilized system, on the other hand, the personnel contribute
more or less isolated skills, including skills in operating subsystems which
are developed elsewhere and which have to be coordinated into an effective
working force on the site.

The training implications for a mobilized system are, therefore, of
two general sorts. The first is training the "Command and Control"
function so that the coordinated entity is created and becomes effective on
the spot; the second' is training for all the specialized functions and skills,
particularly those used in underwater operations, which may be required in
any given instance.

These training implications will be placed within the context of a
"descriptive model" of salvage operations. This descriptive model sets
out the categories of operations and equipments used in salvage work. It
is from these categories that a particular salvage capability will be
mobilized. The extent of mobilization, that is, the nature of the capability,
would be adjusted to the salvage task. The salvage capability required
depends on such considerations as the size and character of the object to be
salvaged, the salvage depth and location, the urgency with which salvage is
required, etc.

COMPONENTS OF "SALVAGE SYSTEM MODEL." Salvage operation con-
trol is represented by the Salvage Operations Control Center (SOCC). Sal-
vage operations 'are controlled from the SOCC under the direction of the
On-Scene Commander and his staff.

The Command and Control requirements of a salvage force include all
the normal naval procedures as well as those concerned with the salvage
operation. The specific problems to be encountered, and the decisions
required, are variable with respect to the unique circumstances of each
wreck. However, the following are the main phases of operation which
would have to be accomplished in the salvage of any underwater wreck.

Phase I -- Location of the Wreck. Generally, the salvage force is brought
on the scene when the wreck's position has been located and marked. The
initial task of the salvage force is to locate the wreck precisely and
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and establish means of locating it again if the mission has to be aborted tem-
porarily due to weather or other reasons.

Phase II--Survey of the Wreck. Survey of the wreck is carried out by
divers and/or submersibles to ascertain:.

Its attitude and position on the bottom, and its relation to
bottom features

Its structural state

Its degree of flooding

Its embedment in the bottom

The oceanic and geological environment of the wreck

Phase IIIDetermination of Salvage, and Deployment of. Required. Salvage
Forces. On the basis of the information acquired in Phase II, a salvage
plan is prepared and the required ships, materiel, and personnel are
brought to a state of operational readiness and positioned on the site.

Phase IV--Preparing and Rigging the Wreck Preparatory To Lift. The
wreck must be prepared and rigged in readiness for the lift operation.
This phase may require any or all of the following:

Cutting away of damaged parts or parts that may impede the
lift operation.

Securing parts; making compartments airtight; placing patches;
filling parts with concrete or foam.

Passing cables around the wreck by means of tunnelling devices,
as may be required.

Emplacing padeyes, etc. , on the wreck to provide traction
points for cables.

Dewatering and flooding compartments to attain the required
overall buoyancy and buoyancy distribution in the wreck.
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Phase V--Breakout. Breakout consists of the application of sufficient lift
to wrench the wreck from the bottom and bring it to a position somewhere
above the bottom in a controlled and stable state.

Phase VILifting. The lifting operation is normally conducted in a sequence
of operations. Lift is regulated to control the rate of rise and is distributed
to maintain the attitude of the wreck. The immediate objective of the lifting
operation is to bring the object to the surface where it may be further worked
on to provide the desired buoyancy and to assure its continued physical
inte grity.

Phase VII -- Towing. The wreck will normally be towed to a harbor. The
wreck is rigged for towing so that it may encounter the sea and weather
states to be expected, and adequate precautions are taken against the founder-
ing of the wreck.

Phase VIIIDocking. In many cases the wreck will be towed to shoal waters
where further buoyancy may be afforded to the wreck. Then the wreck may
be brought to dry dock (as was the case for the USS Squalus) and repaired or
otherwise disposed of.

SALVAGE OPERATION CONTROL. Salvage operation control consists of
multiple functions. Most significant to the salvage operations proper are:

Communications. Higher command: reporting on progress of operations;
referral on matters of policy exceeding local circumstances; information
concerning supplies, materiel, personnel, etc. Local forces: main-
tenance of updated information concerning the local force; communication
of orders and directives to the local forces.

Status Keeping and Monitoring. Maintenance of updated information in
relevant and useful forms concerning:

Weather and sea conditions--current and forecast

Oceanographic information concerning water state (tempera-
ture, turbidity, current, bit,logical aspects) and bottom
state (general geological features, specific local features,
action when disturbed)
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Surface units -- maintenance of information on capability status
of all units and any special factors which constrain or facilitate
operations.

Critical salvage factors--critical salvage factors will vary
according to the site and the nature of the work. Examples are:

Wreck attitude and status
Deployment times and work tasks assigned to divers
and/or submersibles
Status of moors, cable tensions, possible fouling of
lines, etc.
Pontoon status and security.

INFORMATION PROCESSING AND CALCULATION. Salvage, especially
salvage of large objects from under the water, requires the application of
many aspects of marine engineering. Adequate engineering solutions are
dependent on the acquisition of accurate information and the appropriate
calculations being made. Typical problem areas are:

Moor Design. The design of the moor for the surface vessels is a com-
plex matter which has to take into account:

The number and size of the vessels to be moored
Expected winds and sea states
The weather conditions which will be sustained before abort
The water depth and water currents
The nature of the bottom
The mooring equipment available

Breakout Force. In lifting an object from the sea bottom, there is usually
extra lift required to overcome the suction effect; the breakout force ap-
plied must be sufficient to lift the object and overcome the suction effect.
Breakout force is a time dependent function. The required force is inversely
proportional to the duration of application provided certain minima are met.

Buoyancy 1-3aekage. In lifting an object, the two most critical factors are
the amount of lift and the control of the lifting force. Clearly, sufficient
lift must be applied to raise the object. The lifting force may be made up
of any or all of the following:

Cables from cranes and derricks on surface ships

Cables attached to pontoons
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Dewatering of object (replacement of trapped water by air)

Use of "foam" (replacement of trapped water by foam)

Tidal lift (cables from surface ship tightened at low tide; tide
lifts surface ship and wreck)

In many instances, the problem is not so much the provision of suffi-
cient lifting force, but the control of the lifting force and the maintenance of
stability in the wreck/lifting force combination. A correct prediction has to
be made of the behavior of the ensemble at the time sufficient force is
applied to' achieve breakout and subsequently. In an actual case, accurate
prediction may be difficult to achieve. There is an overall tendency for lift-
ing forces to generate instability rather than to be self-correcting.

As soon as the wreck breaks out of the bottom suction, there exists an
extra buoyancy force which must be controlled to avoid an uncontrolled rush
of the hulk to the surface. This dramatic and most undesirable eventuality
may be controlled by having a sufficient proportion of the initial lifting force
applied by pontoons placed at shallow depth. When breakout is achieved, the
upper or "control" pontoons rise to the surface and then lose their lift effect.
Hence the lift ceases, and control is maintained.

The "air bubble or "free surface" effect describes the fact that air
will seek the higher level so that, once a tilt is established, there is a
progressive tendency for the higher past to become lighter and the lower
part heavier. This results in the wreck tending toward a vertical attitude.

Air expands as depth is lesser. d. In an actual circumstance, the expan-
sion of air trapped in a wreck may cause either increased buoyancy or
decreased buoyancy, depending on whether the expansion displaces water or
causes the spillage of air.

Various other matters may affect the buoyant condition, the attitude of
the wreck, and the control of the lift. For example, the wreck may be
structurally weakened and, as lifting force is applied, the wreck may bend
or fracture, bulkheads may give way, hatches may pop, etc. There are, in
fact, a large variety of events which may occur to affect the lifting of the
wreck.

It is the responsibility of the SOCC to carry out an adequate survey of
the wreck, its condition, and the surround; to design a lifting plan; to cal-
culate the most probable sequence of events with proper allowance of safety
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factors; to gain data at each stage of the lift; and in general to implement
the plan with judgment based on adequate calculation and proper information.

That this is no easy task may be judged by the salvage of the USS Squalus.
In the course of salvaging this submarine from 200 feet, the boat twice rose
out of control to the surface, only to founder and sink to the bottom again.

TOPSIDE OPE"ATIONS ON-SITE.

Communications. Of particular importance are the communications be-
tween topside and divers and/or submersibles. In most instances, under-
water communication tends toward being inadequate. Hardline communica-
tion between a hard-hat diver at shallow depth and topside represents the
most favorable condition. Comprehensibility of speech communication is
probably never over 70%, and is generally much less. Therefore, diver
communications must rely on simple speech and/or rope signals. Inter-
diver communication can be conducted by signals or by writing. A definite
policy of communication with operating rules has to be established in light
of the equipment available and the conditions of diving.

Diver Support Systems. Topside operations are responsible for providing
the breathing gases for divers and for any other life support systems. In
the case of the Deep Diving Systems, this represents a relatively elaborate
complex, comprising the PTC (Pe;:sonnel Transport Capsule), the means
of lowering aid raising it, deck decompression chambers, heat, light,
communications, food, sanitary arrangements, etc. Equipments, such as
the hot -water diver heating system, for instance, require considerable
experience and expertise on the part of both topside and diver personnel.

Other Equipment. A large variety of equipments may be used in a salvage
operation. Most of them are associated with diving operations. Topside
personnel (including most usually the divers themselves) are required to
rig, set up, and check out the items. Each item will have its own proce-
dures. Some of these procedures are very well established after many
years of use (e. g., preparing the hard-hat diver), while others may be
no. J1 and require on-the-spot development of appropriate procedures.

Among the systems and equipments which topside personnel may have
to rig, set up, check out, maintain and operate as required are:
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hard -hat diving equipment and gas supply
SCUBA diving equipment
Deep Diving Systems
Decompression facilities
Tool systems (e. g. , pneumatic tools supplied by air from

deck compressors)
Lighting systems
Diver Propulsion Units (DPUs)
Deep Submergence Vehicles (DSVs)
Explosive devices (e. g. , stud guns)
Underwater TV
Air, foam, cement, hydraulic, etc., lines
Underwater refuge stations
Tunnelling devices
Communication systems
Winching and hauling systems

pontoonsatches
UNDERWATER OPERATIONS. Diving operations: are concerned with the
provision and preparation of diving equipment and diving systems and the
tasks involved in preparing them for the diving operations proper.

The diver in the water may have to use any of a large variety of tools
and equipments as well as to maintain surveillance over his own safety and
the integrity of his life support system. He must remain alert to the condi-
tion of his environment and pay particular attention to man-made objects,
such as lines which, notoriously, may endanger him by entanglement.

The diver& tasks and the equipment he may utilize have been noted
previously. In summary, the divers' tasks cover:

Maintenance of his health and safety
Survey and reconnaissance
Sensor and communication procedures
Use of tools
Attachment and rigging of equipment

SPECIFIC TRAINING IMPLICATIONS

GENERAL-PURPOSE AND SPECIFIC SALVAGE SKILLS. The preceding
has provided a "descriptive salvage model" which rests on the assumption
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that there will not be a prefigured salvage system to be brought to a wreck
site but, rather, that the necessary equipments and personnel will be mobi-
lized on a temporary basis as needed. The training implications of the
state of affairs can now be stated.

Much of the Naval salvage capability rests on general-purpose equip-
ment and general purpose skills. Salvage, like any other marine activity,
rests on adequate seamanship in the broad sense as well as the proper con-
duct of duties and special skills by all personnel.

In addition, however, there are special problems and skill require-
ments associated with salvage. It is these operations which are the logical
candidates for training procedures and training facilities.

From the foregoing analyses of the operations, it is concluded that there
are four areas of training needs, representing special skills required in
salvage:

Topside operations for salvage master and staff
Diver and diver/equipment operations
Diving systems
Submersible s

11NING IMPLICATIONS FOR TOPSIDE PERSONNEL. In the category of
"topside" personnel are included all persons on the salvage scene who have
a decision role to play. These persons are, typically:

The on-scene Commander
The salvage officers) including, on large salvage operations,

a ship's architect'
The diving officers

These persons and othe-s are responsible for establishing the strategy and
tactics of a salvage operation and to amend the operational plan in light of
contingencies and developments.

At present there is virtually no training provided for these roles.
Reliance is placed on knowledge and experience.
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Atraining facility is required which would have the capability of simu-
lating, in model form, a broad range of salvage situations. The situations
would cover the requirements for:

The surface force
Salvage equipment
The problems of mooring the surface force
Diver capability
Simulation of weather and sea states, bottom conditions, etc.

A scenario would be established, setting out the salvage problem. The
team would be required to conduct the complete salvage operation.

The operation would be "carried" on a computer, and the most proba-
ble consequences of any action would be simulated. Various contingency
conditions would be simulated.

The above describes the general nature of the training facility. The
details of the training facility may be envisaged.

A model visible to the participants would represent the ocean, the
wreck, and the surface force of ships. The salvage crew would gather, in
front of the model under the. direction of the instructor. The instructor
would provide the initial scenario which would contain the information
which would be known in a real case. Such information would be the type of
ship (or other object) which lies on the bottom and is to be salvaged; details
as to the known or probable cause of sinking; the estimated damage to the
boat; depth at which the wreck is assumed to be; local bottom topography,
etc.

The initial task of the salvage crew is to determine what data is neces-
sary to be obtained and how to obtain it. At this point, the simulation could
enter a time line, and the exercise would be progr,;csively recorded on a
computer print-out.

The salvage crew calls for some surface force and some underwater
capability from the inventory that is available and which is appropriate for
wreck surveillance and initial salvage operations.

The work-force being assembled is represented in the model.
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Typical wreck surveillance operations are undertaken. Divers are sent
down and instructed to report on specific aspects of the wreck.

The scenario (previously stored in the computer) responds with the appro-
priate data as the salvage crew takes the necessary steps and requires
specific information.

The appropriate lift force is called for, and the wreck is rigged and
prepared for lifting. These operations are simulated on the computer so that
changes in the buoyancy or attitude of the wreck are recorded and simulated.

The lift force is deployed and applied to the wreck. The model responds,
appropriately guided by the calculations carried out on the computer. The
breakout and initial rise occur. The attitude of the boat and its stability in
the water are calculated on the computer and represented in the model as they
would actually occur. All being well, the lift would continue through succes-
sive stages until the wreck is floated and in towable condition.

An important aspect of the simulation would be the introduction of con-
tingencies and uncertainties, such that the initial plans for salvage would
work out to be unsatisfactory and would have to be modified.

A series of scenarios should be developed, ranging from relatively sim-
ple salvage operations to complex ones requiring coping with numerous
difficulties and unexpected eventualities.

It is thought that particular interest might be given to this training by
having scenarios which would be reenactments of actual salvage operations.
The actual historical salvage could be shown so that, for instance, the
initial abortive attempt to raise the USS Squalus could be studied. Then,
given the same circumstances, the adequate salvage solution could be -.vorl.:ed
out and tried out on the model.

TRAINING IMPLICATIONS FOR DIVER AND DIVER/EQUIPMENT OPERATIONS.
Divers presently available for salvage purposes are 'graduates of the Naval
School of Diving and Salvage, and have variable amounts of subsequent train-
ing and experience.

The diver will be competent in the use of the life-support systems,
diving clothing and personal equipment, and some of the standard tools. The
average, current Navy dive c, as a minimum, has experience with hand tools,
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acetylene torch, pneumatic-powered haild-held tools and, possibly, an ex-
plosive tool. The amount and degree of experience with these tools and
others is most variable and depends upon the particular experience of the
individual.

In the second section of this report, it was found that any essential
diver skills are developed and refined only by experience in the water. The
use of underwater tools, the use of new life-support systems, etc. , cannot
be learned fully, it is believed, except by their use in the water. The water
condition cannot be simulated; it can be replicated. That is, training, in
order to be complete, requires the diver to exercise the required behaviors
in water, preferably in a tank or in a protected body of water.

The recommended training facility is a water chamber facility com-
bined with diving conducted in open water. The water chamber training
facility would provide for the training of divers under the direction and sur-
veillance of instructors and with the safety factors associated with tank
diving. The functional aspects of the water tank should include:

Shallow-water depth to provide for safe recovery of any divers
experiencing equipment malfunction or other difficulties.

Enclosure of tank and ancillary facilities to provide a comfortable,
all-weather facility for the dressing of divers and the rigging and
installation of underwater work tasks.

Provision for the control of lighting conditions from relatively
bright levels experienced in clear, shallow waters, to relatively
dim or dark conditions in deep or turbid waters.

The capability for introducing and purging varying degrees of
turbidity.

The capability for controlling water temperature within the ranges
experienced under real-world operating conditions.

The capability of introducing water currents to accustom the diver
to resisting the effects of moving vater.

Provisions for complete monitoring of diver performance.
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Reliable communications between instructors and trainee divers.

Provision of salvage tools and equipments for practice by the

divers.

Large enough space to accommodate sections of a ship's hull
plating so that salvage tools and techniques may be practiced.

Typical training operations would be:

Clearing of debris, using cable cutters, cable hoists, hydraulic
jacks, cutting torches.

Patching holes and repair of other damage, use of stud-guns,

power drills, welding torches, patches, etc.

Installation of explosive and conventional padeyes for cable

attachment.
Use of explosives for cutting, hole punching, trenching, etc.

Conduct of safety and emergency procedures.

Other tasks could best be experienced in the open water and, preferably,

operating on a hulk. Such tasks would be:

Surveillance of a wreck to report degree of embedment, struc-
tural damage, attitude, oceanographic environment, etc.

Tunnelling under a wreck, using jetting nozzles or a tunnelling

lance to enable the rigging of chain slings and lifting cables.

Rigging and emplacement of salvage pontoons and lifting lines.

Attachment of airlines to salvage air fittings to accomplish
dewatering of compartments.

It is judged that in order to provide worthwhile training of tasks such as

those listed above, a tank facility would have to be unacceptably large.

Therefore, on the assumption that such tasks may be excluded from the train-

ing in the tank facility, the specifications of the diver training tank may be

set out provisionally as follows:
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Bottom area approximately 200 sq. ft. , minimum

Depth of water 25 to 30 ft.

Observation portholes at eye height for convenient viewing
by instructors

Brightness controllable from 10 ft. lamberts to 0.01 ft. lamberts

Turbidity controllable to provide visibility from clear visibility
to a visibility range of 3 to 6 inches

Temperature controllable to provide water temperatures from
about 45° to 70°F.

Hardwire communication facilities

TRAINING IMPLICATIONS FOR DIVING SYSTEMS. Diving systems include
the MK I and Mk II Deep Diving Systems (DDS), any form of bottom habitat,
such as Sea Lab, Tektite, etc. , and submersible lock-out systems.

Operation of any of these diving systems is a complex and skilled opera-
tion. Experience at DSSP Project Office, San Diego, during 1969, demon-
strated the absolute necessity of establishing standard operating procedures
for the Mk II DDS and training the diving personnel in these procedures.
The successful operation of this system is dependent on the accurate and
complete conduct of a set of procedures which must be learned and practiced
in detail.

Suitable training for the DDS could have been provided in a mock-up
facility, which was not available. The actual DDS had to be used in the
training facility. The mo,:k-up facility or simulator required would be a
procedures trainer, and would simulate the sequence of events as the Per-
sonnel Transfer Capsule ( .'TC) is activated, lowered into the water, descends
to depth, etc. Simulation of changes in gas pressure and gas make-up would
occur to copy the successive stages of compression and decompression.
Mating and de-mating of the PTC to the decompression chambers would be
simulated in terms of achieving pressure equality and opening and closing
the communications hatchways.

Such a trainer would be a procedures trainer and would practice the
trainees in the precise operational routines which are mandatory for the safe
operation of any Deep Diving System.
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The'trainer would consist of a replica of the real system. As the real
system has not yet been standardized, it is not possible to describe the
precise hardware involved. However, the essence of effective training in
such a procedures trainer is to provide an identical copy of the original and
to provide for the strict conduct of the procedures which are required in
actuality.

TRAINING IMPLICATIONS FOR SUBMERSIBLES. Operation of a submersi-
ble is also a complex undertaking. Specifically, the operation of the DSRV,
through its mission profile of submarine rescue, requires high orders of
skill and competence with every aspect of the system. The task analysis of
DSRV operation provided in this report details the particulars of the operation.

Initial crews of the DSRV-1 were trained and made familiar with the
vehicle's operations on a "trainer" containing many of the actual components
of the operational vehicle; the same components were later installed in the
DSRV-1. The pilots were targht the dynamics of the boat by means of a
computerized simulation.

The training implications for submersible operation are very similar to
those for aircraft operation and for which OFT's (Operational Flight Trainers)
are the appropriate training instruments. The present Trieste II Operational
Trainer is an example of an early version of such a training instrument. It
is not quer tioned that the trainer is a positive help toward providing a student
with operational competence. Also, such trainers are effective in maintain-
ing control skills and procedural skills when operational time in the actual
vehicle is circumscribed, as will probably be the case in submersibles of the
DSRV class. Hence, the maintenance of operational readiness of the DSRV
system (vehicle, supporting equipment, and crew) is likely to be dependent
on the existence of an adequate operational trainer.

The characteristics of an operational trainer for a submersible should
incorporate the following:

Simulation of the motive power system

Simulation of the control operations which determine the attitude
of the vehicle in the water and its passage through the water

Simulation of all normal and emergency systems, including com-
munication systems, secondary control systems, emergency flota-
tion systems, lighting systems, sensor systems (including optical,
acoustical, sonar systems); etc.
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Simulation of mission phases which are described in detail in
Appendix A and which are, in summary:

Pre-launch preparation
Departure and descent
Surveillance and classification of observed objects and

their localization
Acquisition of target object
Mating to target object
Operations with target object (e.g., in DSRV case,

rescue evacuation)
Ascent
Terminal activities
Securing boat

Environmental simulation should be representative of the oceanic
environment in terms of color (progressively more yellow-green
as depth increases), brightness (decreasing as a function of depth),
and bottom objects as seen by the optic or sonar sensor.

58'
53



NAVTRADEVCEN 69-C-0116-1

REFERENCES

Adolfson, J., Human performance and behavior in hyperbaric environ-
ments, Acta Psychologica Gothoburgensia, VI, Almquist and Wikseli,
Stockholm, 1967.

Andersen, B.G., Diver performance measurement, Office of Naval
Research, Research Task No. NR 196-068, General Dynamics, Electric
Boat Div., Groton, Conn., 1968.

Andersen, B.G., Allen, F. L. , and Lamb T.C. Diver performance
measurement, Office of Naval Research, Research Task No. NR 196-068,
General Dynamics, Electric Boat Div., Groton, Conn. , 1969.

Baddeley, A.D., Influence of depth on the manual dexterity of free divers:
a comparison between open sea and pressure chamber testing, J. appl.
Psychol., 50(1); 81-85, 1966.

Baddeley, A.D. , Diver performance and the interaction of stresses,
Lythgoe, J.N. and Woods, J. D. (eds.), Underwater Association Report,
1966-67, T.G.W. Industrial and Research Promotions, Ltd., 45 Mount
Park, Carshalton, Surrey, England.

Bowen, H.M., Andersen, B. and Promisel, D., Studies of human per-
formance during the Sea Lab II Project, Human Factors, 8 (3), 1966,
183-199.

Bowen, H.M. Diver performance and the effects of cold.. BSD No 67-
441, Dunlap and Associates, Inc., Darien, Conn., 1967.

Brandt, J. F. and Ho llien, H. Undrwater hearing thresholds in man,
J. Acoust. Soc. America, 42, 1966-1971, 1967.

Brandt, J. F. and Hollien, H. Underwater hearing thresholds in man as
a function of water depth. J. Acoust. Soc. America, 46(4), 893-894, 1969.

Cooperative Underwater Swimmer Project, NAS-NRC, Report No. AD
416138, Committee on Amphibious Operations, San Diego, Cal., 1953.

Crispen, R.E. and Olson, F.C.W. Characteristics of a wet work-trans-
port diver-assist vehicle, Navy Mine Defense Laboratory, Panama City,
Florida, Report AD 8Z4 224, 1967.

54

59



NAVTRADEVCEN 69-C-0116-1

Duntley, S.Q. ,Visibility in the ocean, Optical Spectra, Vol. 1 (4), 1967.

Dzendolet, E., Manual application of impulse while tractionless, WADD
TR60-12., Wright-Patterson AFB, Dayton, Ohio, 1966.

Faust, K. J. and Beckman, E. L. , Evaluation of a swimmer's contact air-
water lens system, Military Medicine, 131 (9), 779-788, 1966.

Hamilton, P.M., Underwater hearing thresholds, J. A.coust. Soc.Amer.,
29, 792-794, 1957.

HYDROSPACE, Diver lock-out sub for France, Vol. 2., No. 4, 1969.

Keays, K., Harrington, J. V. and Wardwell, E. A. , Diving and salvage
operations on the continental shelf, 1966,"Man's Extension into the Sea,"
Marine Technology Society, Executive Bldg. 828, Washington, D.C.

Kessling, R< J. and Maag, C. H. , Performance impairment as a function
of nitrogen narcosis, J. appl. Psychol., 46 (2), 91-95, 1962.

Kinney, J.A.S., Luria, S.M. and Weitzman, D. O. , The visibility of
colors underwater, U.S.N. Submarine Med. Center, Report No. 503,
1967.

Kinney, J. A. S. , Luria, S. M. , Weitzman, D. 0. , a.nd Markowitz, H. ,
Effects of diving experience on visual perception under water, U, S. Naval
Submarine Medical Center, Rep. No. 612, 1970.

Lankes, L.R., Optics and the physical parameters of the sea, Optical
Spectra, Vol. 4(5), 1970.

Luria, S. M. , Stereoscopic acuity underwater. U. S. N. Submarine Med.
Center, Report No. 510, 1968.

Luria, S.M. and Kinney, J.A. S. , Visual acuity underwater without a face
mask. U.S.N. Submarine Med. Center, Report No. 581, 1969.

Lythgoe, J.N. and Hemmings, C.C., Polarized light and underwater
vision, Nature, 213, 893-894, 1967.

Mosby, R.C., Philosophy of Man-in-the-Sea, Ocean Industry, Gulf
Publishing Co., 1967.

55

60



NAVTRADEVCEN 69-C-0116-1

Neely, K. K. and Forshaw,L'S.E., Speaking and listening through the head.
J.Audit.Res., 5, 151-157, 1965.

Pauli, D.C. and Clapper, G.P. , Project Sea Lab Report: An experimental
45-day undersea saturation dive, ONR Report ACR-124, 1967.

Ross, H.E. , Franklin, S. S. and Weltman, G., Adaptation of divers to
distortion of size and distance underwater. Dept. of Eng., Univ. of Cal.,
Los Angeles, Cal., Report No. 45, 1969.

Springer, W.E., Stephen, T. L. , and Streimer, I., The metabolic cost of
performing a specific exercise in a low-friction environment, Aerospace
Medicine, 34, No. 6.

Streimer, I., and Springer, W.E. , Work and force producing capabilities
of man. Boeing Document D2-90245, 1963.

Streimer, I., Turner, D.P.W. and Volkmer, K., An investigation of the
effect of total simulation system mass on certain human force outputs in
tractionless environments, J. Astro. Sciences, 13, No. 3, 1966.

Streimer, I., Turner, D.P.W. and Volkmer, K. The effect of tractionless
simulator mass upon manual work, Journal Astro. Sciences, Sept. -Oct. 1967.

Streimer, I., Turner, D.P.W. and Volkmer, K. Study of work-producing
characteristics of underwater operators, NR SD Document SD 68-347, ONR
Cont. N00014-67-2-0363, Res. Task NR 169-070, 1968.

Streimer, 1. , Turner, D.P. W. , and Volkmer, K., An experimental study
of operator performance characteristics in manual underwater work, North
American Rockwell Corp. , Space Div. Internal Res. and Dev. Report, Jan. 1969.

Vaughan, W. S, , Jr., Diver performance and endurance in a wet submer-
sible. Unpublished. Whittenburg, Vaughn Associates, 1968,

Wainwright, W. N. , Comparison of hearing thresholds in air and water,
J. Acoust. Soc. Amer., 30, 1025-1029, 1958.

Weltman, G., Diver work methods. Biotechnology Laboratory Report,
Univ. of California, Los Angeles, California, 1970.

Weltman, G. and Egstrom, G.H. Perceptual narrowing in novice divers.
Human Factors, 8 (6), 499-506, 1966...

r3

56

61



NAVTRADEVCEN 69-C-0116-1

Weltman, G., Egstrom, G.H., Christianson, R. A, and Crooks, T.P.
Underwater work measurement techniques: 1968 studies. Report No
69-19, Biotechnology Laboratory, University of California, Los Angeles,
California, 1969.

Weltman, G., Christianson, R.A. and Egstrom, G.H., Visual fields of
the SCUBA diver, Human Factors, 7 (5), 423-430, 1965.

6"
57/58



NAVTRADEVCEN 69-C-0116-1

APPENDIX A

DSRV OPERATING ANALYSIS

The DSRV operating analysis which follows has been carried out at a
level of detail to make plain the nature of the human tasks involved in the
situation where the DSRV is supported by the surface ship (ASR). The
operation of the vehicle presents a multiplicity of tasks requiring knowledge,
intelligence, precision, and procedural thoroughness. As stated in the
main text, should the DSRV be put on an operational basis and be required
to be in a state of readiness as a system, training will have to be instituted
on a systematic basis.

The system is an example of a modern submersible, and the major
categories of tasks involved are representative of the tasks to be performed
by crew members of such systems. The major categories of task are:

Control skills required in maneuvering the vehicle. They
include operation on the surface, descent, passage, naviga-
tion across bottom terrain, coming to terminal area, closing
and/or mating to target, ascent, recovery.

Procedural skills required in set-up, check-out, and operation
of all subsystems.

Use of sensors required in surveillance, recognition, and
classification of targets, localization, and navigation.

Special skills (dependent on specific system). In the DSRV
case, mating to disabled submarine, effecting passageway
between the boats, rescue and evacuation of personnel. Other
special skills: use of remote manipulators, lock-out of
divers, etc.

It should be noted that the operational descriptions which follow repre-
sent the best available estimate of DSRV human performance requirements
at this time.
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