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SEASONS OF ATTACHMENT OF FOULING ORGANISMS

(THICKNESS OF THE BLACK LINE DENOTES SEASONAL DISTRIBUTION OF ATTACHMENT )
LISTED I\ ORDER OF

RELATIVE DENSITY ~ WINTER  SPRING  SUMMER  AUTUMN
SHELLED FORMS | ,
NONSHELLED FORWS |
ALGAE
Fravre 220 Seasons of attachment of fouling
organisms

vards in length in 1 to 2 vears and usually
possess flat blades of 6 to 24 inches in width.

The Effect of Fouling on Dip

Fouling has distinet effects on mine behavior.
Increase in dip of a moored mine will occur as
the weight is inereased and the cross-sectional
area of the mine and its mooring wire normal
to current direction is increased by fouling.
A spherieal mine 3 feet in diameter with a moor-
ing line Y%-inch in diameter and 100 feet long
have together a projected cross-sectional area

Frovre 2.30.

Mk-39 in 60 feet of water for five months near Key West, Florida
MINEVDET).

41

of 7 square feet. Theoretically, the area of the
assemblage is enormously increased by fouling.
For example, a fouling layer 3.5 inches in thick-
ness is to be expected at the end of a year in a
1-knot current where the mean vearly tempera-
ture is 58° F (as off the coast of Delaware).
The area normal to current flow would then be
60 square feet. The dip to be expected at
various current speeds with a vear’s thickness
of fouling having the same density as sea water
is compared in Figure 2.31 with the dip of the
clean mine. This figure shows that dip is
accentuated drastically at higher current speeds,
sinee fouling grows to greater thickness at higher
current speeds.  Fouled mine assemblages with
shorter mooring cables would have much less
dip, since the inerease in area of the cable due
to fouling is primarily responsible for the area
inerease of the whole assemblage.

The weight of fouling by shelled organisms
increases the dip by reducing the buoyaney of

OPDEVFOR

(Photo by
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Detection of Mines by Sonar

Laboratory experiments show that reflection
of sound from fouled metal surfaces is less than
that from eclean metal surfaces (Fig. 4.2).
However, field observations of mine detection
by sonar showed little impairment in detection
when the mines were fouled. Thus, under
conditions met at sea other disturbing factors
appear to be more important in reducing the
efficiency of detection by sonar than fouling
on the mine surface.

Bioluminescence and Mines

Little s known of the bioluminescence
(phosphorescence) associated with mines Un-
derwater nhjw‘h ma\ be l||lll|lilmh'1| h.\ bio-
luminescent organisms, especially in the pres-

CONFIDENTIAL

ence of currents or turbulence.  The operational
significance of bioluminescence on mine detec-
tion has not been established.

2.4 DRIFTING MINES

Free floating mines constitute a threat to both
naval and merchant shipping. Such mines are
subject to the moving forces of currents, waves,
and wind.  Characteristics of the floating
minecase, such as the depth it rides in the
water, will strongly influence the effect of the
environmental factors on drift. An examina-
tion of each factor, individually and collectively,
affecting mine drift, is necessary if a proper
evaluation is to be made of the probable

movements of free floating mines

Frourg 2.33. Fouling on a Mk-36 mine in 48-60 feet of water for 16 months in the vicinity of Key West, Florida
(Photo by OPDEVFOR MINEVDET)
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Firoure 2.40.— Probable drift of bottles released during march 1932 in the South China Sea

narrow limits in order to evaluate the distance
floating mines may have drifted and the locale
of their origin. Along well traveled coasts,
where merchant shipping or fishing activity
have been functioning for a length of time,
available current information may be of suffi-
cient accuracy to be utilized for backtracking
drifting mines to their source. Generally,
however, such precision s not obtainable for
floating mines which have drifted over great
distances. Eddy currents associated with the
main current patterns will impart various de-
grees of error in determining mine drift.  Pub-
lished seasonal current charts provide a means
of determining the average drift of floating
mines; however, allowances must be made for

CONFIDENTIAL

wanderings caused by unusual conditions of
current flow, influences of wind and storm, or
factors pertaining to the response reactions of
the individual minecase design.

Drag mines, which are more subject to the
force of the sea current and less to that of the
wind than free-floating mines, may be more
readily related to the average current flow.
Therefore, backtracking drag mines to their
probable source is less subject to error. Al-
though mathematical relationships have been
developed for determining the drift of floating
objects, such as mines, the difficulty of deter-
mining the extent and duration to which each
factor may be operating at a given time results
in various solutions.





















































































































Ficure 5.3 —First practical air-regenerating self-
contained breathing apparatus designed by Fleuss
in 1878.

marine biology, marine geology, mine location
and demolition, as well as for all the older
more established uses.

All types of SCUBA (self-contained breath-
ing apparatuses) are for use by underwater
swimmers and need no connections with the
surface, such as lifelines,
features common to the deepsea diver’s dress.

The SCUBA are of three general types:

(1) The most common type is the open-
circuit equipment such as the Scott-Hydro-Pak

airhoses, or other

(Fig. 5.5) or the Aqua-Lung, which employs
compressed air and discharges used air into
the water.

(2) Closed-circuit equipment empioys com-
oxvgen. The exhales
breathing bag and rebreathes the same gas

pressed diver into a
after it has passed through a canister con-
taining a carbon dioxide absorbent such as
soda lime or Baralyme.

(3) Semiclosed-circuit equipment employs
a nitrogen-oxygen mixture. Part of the used
air is recirculated through a carbon dioxide
absorbent and part discharged into the water.
Th's has the advantage of a long gas supply
with reduced risk of oxvgen poisoning.

A complete diving manual (U. S. Bureau of
Ships, 1952) has been published by the Bureau
of Ships. Topics include the basic principles
of diving, diving equipment, procedures, med-
ical aspect of diving, and diving with helium-
oxygen mixtures.
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In view of the numerous possible dangers
of water pressure and other oceanographic
variables such as tides, currents, and dangerous
marine life, man cannot safely enter this
foreign underwater environment to which he is
not naturally adapted. However, when prop-
erly trained and equipped, man can operate
efficiently and safely underwater, but in order
to do so he must know the underwater rules
imposed on him by the water and by his cwn
physiological and psychological limitations.

5.2 OCEANOGRAPHIC FACTORS AF-
FECTING DIVERS WEARING SCUBA

Bottom Sediments

Generally, a SCUBA diver can work and
about without touching the bottom;
thus, he will not be affected by the type of
bottom sediment.

move

Visibility

Underwater visibility wvaries with locality.
In tropical waters, visibility is usually con-
sidered to be good; in some places, it is fre-
quently more than 100 feet at 30 fathoms.
(Channel and harbor areas are usually somewhat
turbid, sediment-laden
emptyving into these areas. Also ships and
strong currents passing through a channel can
stir up the bottom sediments. Thus, visibility
will range usually from 0 to 20 feet. Visibility
decreases somewhat during the rainy season of
the vear and during plankton bloom in spring
and autumn. Visibility is discussed in Section
4.2,

owing to the rivers

Water Temperature

All divers are extremely sensitive to water
temperature changes because water is a much
better heat conductor than air. At present no
equipment is available to protect a man against
moderately warm water. Heat prostration
may occur during exercise in water above 86° F.
and at rest in water above 96° F.

Tolerance of low water temperatures varies
with the individual SCURA diver. Most men
can tolerate water at 68° F_ fairly well without
wearing a protective suit, but they will require
protection if immersed in water colder than 68°
to 70° F. for more than an hour. When a
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Frovre 5.4 Diver wearing the Aqua-Lung

liver becomes extremely cold, fns power of
oncentration and efficiency drops off rapidly.

Many types of suits have been designed for
protection  against cold water.  Figure 5.6
dhows various types of diving suits worn by
SCUBA divers.  Although the best designed
living suits will protect a self-contaimed diver
for half an hour in near freezing water, the
diver will become cold and his ability to do
work will decrease with inerease in time spent
anderwater.  Also, when the diver is cold his

Photo by U S

H2065

Navy Electronies Laboratory,
ability to do work decreases rapidly with depth
Figure 5.7 is a summary of temperature effect
on a diver

Generalized worldwide seasonal temperature
distribution and variation with depth ean be
found in the National Intelligence Surveys and

Hydrographic-Oceanographic Data Sheets.

Biological Factors

Tides. currents, cold water. and surface
weather conditions all may be hazards to the
CONFIDENTIAL



FIGURE 5.5. Diver wearing the Scott Hydro-Pak.
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(Photo by U. 8. Navy Electronics Laboratory, H47H
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FilaURE 5.6.— Gear worn by Underwater Demolition Team during National Research Council Symposium, UDT
Suits I-R: (‘1:”[1]). Two piece, T\\H-Iip]b-'l. front view Home-made, Perilli, l\'v-urny and U. 8. Divers

(Official U. 8. Navy Photo

diver, but probably the most publicized and

generally overrated are the biological dangers. a0

Actually, professional divers pay little attention ool

to any form of marine life since they are rarely

bothered. Some of the more dangerous bio-
logical forms are shown in Figure 5.8

Biological factors to be considered by the

SCUBA diver are not limited to animal life.

L Common causes of diver disability in tropieal = L 1 = L ¢ : |

. waters are slow healing superficial abrasions, ) 2R E :

1
d

EMPERATURE (" F )

many of which are caused by coral growths.
Bottom seaweed and kelp growths are only a
minor problem to a SCUBA diver, being a
swimmer he can avoid entaglement. Figure
5.9 shows a SCUBA diver moving through a
kl'][) bed.

i
i

Frovee 5.7, Effect of temperature on a diver

motion extends depends upon the wave length
Wave motion is felt at the bottom when the

Sea, Swell, and Weather

Little information is available as to the effect
of sea and swell upon a diver working on the
bottom. However, wave motion at the bottom
and at the surface, if sufficiently strong, will
hinder the diver. The depth to which this

water depth is about one-half the wave length.
For example, if the waves have a length of 100
feet, a diver will just be able to perceive the
wave motion at a 50-foot depth; in deeper water
the wave motion will be imperceptible at the
bottom. In shallow water, the motion becomes

93 CONFIDENTIAL
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WHITE SHARK

SEA URCHIN

FiGure 5.8
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KILLER WHALE

Sea animals to be avoided by divers.

94



Frovre 59 Seuba diver in a kelp bed

more noticeable as the wave height inereases
or the depth of water decreases, until the motion
becomes so strong that the diver will find 1t
impossible to work.

Near the surface the wave motion is ewrcular,
but as depth inereases the motion becomes
elliptieal, and at the bottom only a horizontal
oscillating motion exists, (Fig. 5.10).  If the
depth is not great compared to the wave
length, the motion will remain nearly horizontal
at all depths.  In shallow water, if the sea or
swell is running sufficientiyv high, surface wave
motion extends to the bottom. Beecause of

(Photo by U 8. Navy Eleetronies Laboratory. J911

surface  difficulties,  12-foot  waves are the
maximum in which diving operations can be
carried out.

Experiments were made on the use of SCUBA
divers for search of harbors and channels for
underwater ordnance (U, S, Naval Powder
Factory, 1955). The experiments found that
jackstays could be laid from barges with diffi-
culty in a state 4 sea condition (Beaufort seale)
but not effectively when a state 5 sea condition
existed.  The sea did not appreciably affect
the swimmers, but it did eause shifting of the
barges and fouling of the lines.  The glossary
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Fioure 5.11

could be opposite from that at the surface.
Current speed also changes with depth, usually
it decreases as depth increases.

5.3 OCEANOGRAPHIC FACTORS AFFECT-
ING DIVERS WEARING CONVEN-
TIONAL DIVING DRESS

Bottom Sediments

Bottom sediments affect the deep sea diver
in two ways; his ability to move about and his
ability to see.

Deep sea divers have no difficulty walking
upon a rock, gravel, shell, sand, and occasionally
even a sand-silt-clay bottom. However, on
most silt-clay bottoms (commonly referred to
as mud) a diver wearing conventional equip-

Photograph of a rip current with a generalized sketch

ment will sink into the bottom. The depth
of penetration will depend upon several vari-
ables of the bottom sediments, such as the
content of clay, water, sand, and organic
remains. As the content of sand increases,
the resistance to penetration also will increase,
regardless of the other variables.

Movement should be restricted to a minimum
on a muddy bottom, inasmuch as it will stir
up the sediments and decrease visibility.
Therefore, the diver should orient himself so
that the current, if any, will carry the silt
away from his work. The hazard involved in
diving in muddy water is the inability to see
such objects as pilings, debris, or other sharp
objects that could cause the diver physical
harm if he were to collide with them.
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