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NATIONAL TRANSPORTATION SAFETY EOARD

DEPARTMEMNT OF TRANSFORTATION
WASHIHCTON, Do, Hed

cubmer sible JOHNSON SEA LINEKE
Straits of Florida
17 June 1973

ACTION BY THE NATIONAL TRANSPORTATION SAFETY BOARD

Thiz casualty was investigated by a U. 5. Coast Guard Marine
Board of Investigation which convened at Fort Pierce, Florida, on
June 27, 1973, A representative of the National Transportation Safety
Board obaerved part of the proceedings, The Wational Transportation
Safety Board has considered only those facts in the investigative record
which are pertinent to the Safety Board's statutory responsibility to
determine the cause or probable cause of the casualty and to make

recommendations,

SYNOPSIS

On Jure 17, 1973, the submersible JOHNSON SEA LINK dived
in the immediate vicinity of the scuttled destreyer U.5, 5 FRED T,
BERRY, which was located on American Shoals near Key West, Florida,
Attermpts to retrieve a fish trap failed and shortly after 0945, while
being maneuvered away from the fish trap, the submersible became

entangled in a cable of the wreckage.

U. 5. Mavy assistance was requested immediately, and the [irst
rescue craft arrived on scene about 6 hours later. "Beéfore the subimers-
ible was recovered at 1653 on June 18, twe of the four persons on board
died a2z a result of carbon dioxide poisoning.

The Mational Tranasportation Safety Board determines that the
probabla cause of the accident was the fouling of the gtarboard spring-
loaded moused hook and other appendages on the submersible with a
cable attached to the aftermost flagpole of the scuttled destroyer.

Contributing to the carbon dioxide fatalities was the inadequacy
of the carbon dioxide abserbent system in the dive chamber, and the
lack of suitable rescue equipment was a factor in the inability to pro-

vide a timely rescuc.




Contributing to the fouling of the submersible were: (1} The
position of the air _conditioning unit in the pilot sphere which prevented
the pilot from observing the area off the after starboard side of the
submersible; and {2) the absence in the JOHNSON SEA LINKE cperations
manuzl of procedures to be followed by the pilot when operating in areas
of possible entanglement,

ANALY SIS

This analysis is to be read in conjunction with the Coast Guard's
Findings of Fact.

Entanglemtnt

1,5.5, FRED T. BERRY {DD-8553). -~ Witnesses testified that
the only sources of entanglement in the vicinity of the fish trap were the
two aftermost flagpoles and various cables hanging from the main deck
af the sunken U. 5. 5. FRED T, BERRY. A report from the U. 5, Nawvy
divers stated that the submersible seemed to be fouled on 2 whip antenna;
however, there was no whip antenna on the wreck., While trying to
retrieve the fish trap, the heading of the submersible had been moved
to port, so0 that when the submersible attempted to back away from the
arean of the wreck, it would have been moving aft at an angle toward the
aftermost flagpole. The pilot's testimony that after being fouled, the
submersible could be mancuvered 20 feet away from the "aftermast!
in each direction indicates that the most likely source of entanglement
was the aftermost flagpole and itsisupporting cables,

Mone of the cables attached to the flagpole was known to be
broken or adriit before the casualty, The Coast Guard Marine Board
of Investigation did net include an inspection of the wreck after the
casualty, Therefore, the particular cable which fouled the submersible
cannot be identified by the available evidence,

JOHNSON SEA LINK, -- The many projections from the sub-
mersible made it risky to enter into an area which contained cables.
The external appendages could not be jettisoned nor were they equipped
with anti-fouling devices, Appendages which can encircle a foreign
object on the ocean bottom are particularly dangerous bacause when
one becomes entangled the submarine is deprived of two of its three
axes of movermnent, Much of the JOHNSON SEA LINK's framework
appendage was capable of encircling foreign objects. Further, the
spring~loaded, moused hooks mounted out of the pilot's view increased
the risk of entanglement because they could hook a foreign object from
more than one direction. The hooks can function like lance hooks,




which were desipned to hook on to a suspended cable. If a cable became
caught in one of these hooks, the submersible could be freed only by
breaking the hook, by manually manipulating the hook, or by cutting the
cable,

Before the JOHNSON SEA LINK submerged on June 17, the hooks
were not known to be damaged., A survey of the submersible after the
casualty showed that the starboard hook had been damaged by 2 cable
and that the mousing device had failed. (See Figure 1.} The mousing
device could have failed when the submersible was raised from the
bottorn by the grapnel operated on board the A, B. WOOD I The force
exerted during this maneuver would have caused the cable to break free
from the hoolk, Since there was evidence of damage inflicted by 2 cable
at other points on the submersible, it could not be determined if the
initial source of fouling was the snagging of the cable by the heol.

Operations Manual, -- The JOHNSON SEA LINK cperations manual
states that beeause of the unobstructed vision in the acrylic pilot sphere,
the chance {or entanglement i reduced, Howewver, the air_conditioning
anit, installed on the after section of the pilot sphere, decreased the in-
tended panoramic vigibility by creating a blindspot off the after starboard
side of the submersible. It was in this blindspot that the cable was dis-
covered after the submersible was fouled., The manual does not mention
the blindspot nor does it provide guidelines to prevent entanglement.

Safety publications abeut submersibles published by the American
Bureau of Shipping, Marine Technology Society, and others, usually
recommend that projections on a submersible be protected in various
ways or that the submersible aveid areas of possible entanglement, The
external appendages attached to the JOHNSON SEA LINK were not pro.
tected and made the submersible vulnerable to entanglement., Scheduled
research projects reguired that the JOHNSON SEA LINK operate in the
vicinity of both natural and artificial raéfd where risky ¢f sntangloment
wera high.

The sperational guidelines in the JOHNSON SEA LINK operations
manual should include the reguirement to conduct initial surveys of areas
to be traversed during a mission. The guidelines should enable the pilot
of the submersible to assess readily any hazards found during the surveys.
After the dangers of the potential hazards are assessed, specific instruc-
tions should be given to the pilot to assist him in safely performing the
duties reguired to complete the mission,




Figurae 1= Starbeard sSpring Loaded, Housgd Hecok




If these procedures had been followed before the dive on June 17,
swimmers from the JOHNSON SEA LINK might have been sent to retrieve
the [ish trap while the submersible remained a safe distance away.

Lile.Support Systems

Carbon dioxide remowval system. -. In order to prevent carbon
dioxide {CO2) toxicity, the CO2 in both cloged manned compartments
iz removed by a chemical process using Baralyme. Air which contains
COyz is eirculated through a canister of Baralyme. The capacity of
Baralyme to absorb CO2 decreases when the temperature of the re-
action process decreases. However, there probably was sufficient
space in the submersible's compartments o carry additional Baralyme
ta compensate for capacity loss because of temperature. Since
Baralyme iz a chemical reactant, it can lose effectiveness as a result
of storage and handling if it is not properly packaged for shipboard use.

Because of the high thermal conductivity of its aluminum struc-
ture, the diver compartment lost much of its heat when the vessel
operated in ocean waters colder than the compartment's inner atmos-
phere. Since there was no awxiliary heat, the temperature of the
diver compartment dropped when the temperature differential across
the compartment walls resulted in heat losses greater than the body
heat output of the occupants. Thus, the resulting ternperature drop
adversely affected the occupants physically and caused the perform-
ance of the CO2 removal system bo deteriorate.

The JOHNEON SEA LINK was constructed according to the
guidelines of the American Bureaun of Shipping {ABS) 1/ and was sub-
sequently classed as a « Al Manned Submersible. 2/ These guide -
lines recommended that the CO; removal system have a capacity
sufficient to provide for a margin of safety of 24 hodrs. 3/ The guide
does not discuss explicitly the effects of temperature on C02 absarbents,

1/ Guide for the Classification of Manned Submersibles, American
Bureau of Shipping, New York, 1968,

2/ Tho classification % AI means that the TOHNSON SEA LINK was
built under the special supervieion of the ABS survevors to the
full reguirernents of the guidelines.

3/ Margin of safety refers to the additional life-support capacity
beyond design mission length.




Perceptive levels of COp in diver compartment. -- About 14
haurs after the dive began, two men in the diver's compartment could
no longer tolerate the bupildup of COZ. By that time, the diver com-
partment temperature had probably drepped to betwaen 459 F and 55°F
which would affect adversely the performance of Baralyme. FProbably,
the emergency situation would create anxiety which would result ina
higher rate of CO2 production by the occupants. Considering the
variable human responses to CO2 and uncertainties in both CO3 produac-
tion rate and compartment lemperature, the actual 14 _hour duration of
Baralyme effectivenass in the lj!iver" s compartment is reasonably con-
sigtent with U. 5. Mawvy data. 2/ Based on these data, the expected time
for two men, who are H{Ltin§ and inactive, to exhaust the effectivenass :

of 22 pounds of Baralyme 57 would be about 8 hours at 45° F and about

16, 5 hours at 552 F, FEffectiveness for longer times should not be ex-
pected in the relatively small compartment, since the rate at which .
Baralyme absorbs GO decreases markedly when inercased levels of

CO72 begin to pass through the Baralyme.

After the submersible became entangled, it was first estimated
that the Baralyme in the diver's compartment would be depleted within
&1 hours of the beginning of the dive; the estimate was based on
Baralyme performance at T0°F, Again, uveing U. 5. MNavy.data, two
men, who are sitting and relatively inactive, would probably exhaust
22 pounds of Baralyme at a 70°F reaction temperature in about 30
hours. About 9 hours after the dive began, it becarne evident that the
decreasing temperature was adversely affecting the absorption of COZz.
Personnal aboard the support ship then revised their estimate down to
24 haurs from the start of dive; the record did not specify the tempera-
fure basis for this estimate. An incorrect temperature basis, possible
arrors in computation, failure to compensate for the higher COp pro-
duction, and possible detericration of Baralyme contributed to these
gross overestimates. A reasonably accurate assessment of life-puppoTt
immediately after the entanglement topether with anwssessment of avail-
able rescue capabilities might have caused other moxe efficient rescus
action to be taken, However, a relinble estimate cannot be expectad
when rmany factors must be evaluated wnder the stress of rescue operations.

4] U, 5. Navy Diving Operations Handbook, NAVSHIPS 0594009 6010,
1 Jan. 1971.

&/ The investigation record indicates that 22 pounds of active
Baralyme was loaded into the diver's cormpartment for dive 130.




Margin ¢f Safety, -- Since the margin of salety is intended to
provide life-support beyond the plammed mission time, the effects of
prolonged submergence muset be evaluated when life-support systems
are designed, Such an evaluation requires that all the significant
factors which determine the performance of the life-support system
be considered. Among these factors are the physiological responses
of ocoupants to emergencies and lengthy confinement in a relatively
small compartiment, the effects of the ocean environment on system
componenta, and the effects of failures in any of the submereible's
systerns on the life-support system. The failure of the JOHNSON
SEA LINK to provide adeguate life_support cannot ba attributed to
some unpredictable cceurrence or phenomenon; temperatures below
0% F are frequently encountered at 350 _foot depths, In addition,
information was available regarding the effects of low temperatures
on Baralyme and the effects of stress on hurnans. The record does
not provide evidence of how these factors were considered in the
JOHNSON SEA LINK's design, Any operational restrictions or special
precauntions which might be necessary to compensate for certain design
deficiencies can be effective only if they are recorded In the Operations
Marual, The Operations Manual did not specify a minimum water tem-
perature nor the need for thermal protective clothing.

The difficulties in rescuing the JOHNSON SEA LINK and in
another recent submersible incident, the Vickers Oceanice Sub-
marsible Pisces III, indicate that a 24-hour margin of safety is not
sufficient: both accidents are summarized in a recent publication
of the Marine Technology Seciety (MTE). &/ The margin of safety
should provide sufficient time: (1) To organize rescue forces arnd
get themn on scene; (2} to allow for weather conditions which restrict
rescue operations; (3} te fabricate and deliver rescue egquipment
which may be reguired because of the circumstances of the casualty;
and {4} to locate the disabled submersible, attach rescue hardware,
ieinove sources of fouling, and rFaige the submersible, Although
thesa tirme factors did not affect the rescue of the JOHNSON SEA
LINEK {the weather, accident location, and water depth were lavor-
able, and special equipment did net have to be fabricated), the rescue
required about 31 heurs., In addition, a relatively high-risk method
of rescuc wa s used when the life-support in the forward sphere was
determined to be nearly exhausted.

B/ Satety and Operational Guidelines for Undersea Vehicles -
" Book II, Marine Technology Sociaty, Washingten, D.C,, 1274,




Since the four factors mentioned above can hinder a tirmaly
rescue, before each dive they should be evaluated to determine whether
the margin of safety is adequate, MTS has recommended at least a
72 -hour reserve in life support. The Safety Board agrees that the
minimum margin of safety should be 72 hours,

R.escue Egquiprment

At 2015 on June 17, the U, 5.5, TRINGA was positioned over
the peneral location of the JOHMNSON SEA LINE, Before divers were
gent down, however, the exact location of the SEA LINK had ta ba
determined so that the divers would not be hindered by the wreck.
The mo st effective way to determine the exact location would be to
have a line attached to the submersible and extend it to the surface.
The JOHNSON SEA LINK was not equipped with a releasable distress

buoy whose line could have been used for that purpose. Before the
TRINGA arrived, personnel of the SEA DIVER had tried unsuccess-

fully to lower a line from the surface to the submersible,

The U, 5, Navy had no equipment irmumediately available that
could attach a doscending line to the submersible. As a result, con.
siderable time was expended during attermpts to maneuver the TRINGA
precisely over the submersible, [ was not unti) 2245 that the divers
descended from the TRIIGA, At 2325, the rescue attempt was aborted
because the divers had landed on the U, 5, 8, BEERY wreck in such a
position that they could not approach the sabmersible, Again, the
TRINGA had to be repositioned, and a second rescue attempt did not
begin until 0136, June 18. Ewen if this attempt had been successful,
it would have been too late to save the persons in the dive chamber.
cubsequent attempts by divers to reach the submersible were also

unsizcecessful,

~ The projected increase in the construction of small ene-or
two-man submersibles for use In underwater inspections of pipelines,
deep-sea drillings rigs, and deep water ports indicate that the life-
support systems gimilar to that on the JOHNSON S5EA LINK mavy

continue to ba usad.

U. & Mavy equipment, although not primarily developed for
tubmersible rescus, can place a descending line on a trapped sub-
mer sible, However, bocause of its size, transpoertation difficulties
and other commitments, it cannot be relied upon to assist when the
duration of submersibles® life-support systems approximates only




12 hours, Davelopment and procurement of & device that could not
only place a descending line on a submersible but could also be
guickly available whenever needed would make the system used by
tha Navy in rescuing the JOHNSON SEA LINK considerably more

effective.

System Safety

Specific technigues can be applied when analysing the salety
of the design and operation of a vessel, These techniques, generally
called "system safety, " include methods through which safety knowl.
edge can be applied over the service life of a vessel,

By applying the techniques, hazards can be identified and zafe
design criteria and operational procedures can bo created. A system
salety review of the life -support systermn might insure that before cach
dive a sufficient amount of carbon dioxide abgorbent is placed in the
dive chamber in order to counter the effects of low temperatures,

Coast CGupard Hecommendations

Lepgislation. -- The Marine Board recorrnended that the Coast
Cuard actively seek legislation to regulate submersibles, The Com-
mandant agreed, but stated that if legislation is passed, initial Coast
Taard efforts would be directed toward regquiring that a report of the
scope and gengrs,phit: area of intended submersible operations be made
to the Coast Guard by those who conduct such operations, :

The evidence in the casuallty investigation does nob support a
premise that the Iack of such a report contributed in any way to the
casualty. However, the construction features of the JOHNSOMN SEA
LINK created a situation which permitted entanglement and reduced
the efficiency of the lifé-support system within the dive chamber,
Additionally, the zbsence of & releasable distress buoy precluded
a timely rescue by U. 5. Navy persoennel.

The Coast Cuard investigative record, which revealed uncon-
trolled hazards in one case, does not support the need for owverall
regulatory control of submersibles. Although production of sub-
mergibles is increasing, the Safety Board believes that safety can
be' secured if veluntary use of safety designs and operations is
emphasizad.




Reporting Procedures, -- The Marine Board recommended, and
tha Commandant agreed, that the Coast Guard continue to encourage the
reporting procedures noted in Commandant’'s Instruction 3130, TC. The
instruction regquests that the Coast Guard be informed of the location
and operation of various submersibles. The information would be used
when civilian submersibles ars needed for assistance in the rescue of
another submersible, To be effective, such a program would require
more assistance than that of submersibles operating in the genaral area
of a distress. The rescue of PISCES III, which sank in more than
1, 500 feet of water off the coast of Ireland, was accomplished with the
assistance of a U, 5, MNavy unmanned, cable-controlled, underwater
recovery vehicla fEUR"."?}IH which was airlifted to the scene [rom
San Diego, California, =

The Coast Guard should actively gather information conderning
aubmeraible regcue capabilities from shore facilities and marine craft,
not only within the United States but worldwide. The information would
be useful for maintaining a current inventory of available underwater
search, rescue, and salvage eguiprnent. With this inventory, systems
to provide the most effective submersible rescue operations may be
selected from throughout the world.

Coast Guard Rescue Equinment. -- The Marine Board recommended
that the Coast CGuard acquire, for use in underwater rescue operations, l

an underwater television unit capable of being delivered by air. The
Commandant concurred in the recommendation, but stated that the
acgquisition of the equipment would be subject to budgetary constraints.
The Coast Guard has not yet requested funding for the equipment, and
auch a request is not contemnplated for fiscal year 1976,

The Ceast Guard has continually upgraded its search and rescue
facilities for distressed surface vessels. Currently, the Coast Guard
has no equipment or facilities intended specifically for submersible
ragcne, There is no established program that would provide Coast
Cuard facilities in the future. Currently, the Coast Guard relies
entirely on the U, 5 MNavy, which has no statutory responsibility for
private asubmersible rescue operations, and om commercial reasources,
Although this reliance may be congidered necessary as an interim
step, and in view of the small number of submersible facilities as
compared to others, the Coast Guard should plan for future participation
and leadership in submer sible rescue operations,

7/ Ibid,
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‘This might be accomplished by joining with the U, 5 MNavy in
a long-range research and development program which should seek to
satabli sh Coast Guard facilities for wnderwater rescue. The program
could include the development of systems suitable for the reseue of the
various types of submersibles currently in operation. The systems
might include the use of Coast Guard surface craft to collaborate with
the U, 8, MNawvy in effecting reacues, Additionally, the development and
nse of standard attachment fitting s, by both manned and unmanned
rascue vehicles to permit the evacuation of persons trapped within a
gunken submer sible, and other hardware items could be the initial
phase of submersible rescue capability in the Coast Cuard.

FPastaccident Corrective Meaasures

An Expert Review Panel was established by the Smithsonian
Institution to examine the cireumstances of the accident, As a result
of its examination, the panel issued recommendations to submersible
operators, Harbor Branch Foundation. The responses to the recome-
nmndaﬂé}na have recently been published; several are summarized
below. =

Releasable distress buoy. & releasable tethered buoy has been
developed for use on the JOHNSON SEA LINK. A newly designed system
is being evaluated and tested for pessible use.

Carbon dioxide absorbent system. The scrubber canister is
equipped with an electrical heater that will warm the gas pa asing
through the Baralyme bed, when required. Scrubber capacity is 128
man-hours per precharged canister. One additional precharged
eanister will be carried in each compartment of the JOHNSON SEA
LIME.,

Low-temperature personnel protection, —The-diving-chamber of
the JOHMNEON SEA LINK will be insulated for thermal protection, A
definitive thermal analysis and heat transfer model for the diving chamber
has been developed and is being ntilized for insulation studies. Standard
operating procedures will require proper clothing and egquipment to
accompany personnel occupying the dive chamber.

External appendages. A redesign of attachment points have
slirminated all hooks. MNecessary instrumentation, transponders,

8/ hid,

11




transducers, and lights have been lowered in profile. Mounting
brackets have been redesigned to incorporate a "break -away"
feature.

Mylon bolts are employed to attach necessary instrumentation
to streamlined, low-profile brackets welded to the frame of the
JOHNSON SEA LINK. A continuous load or pull will cause "cold flow'
of the nylon bolt threads and separation. This system of "break -away"
is currently employed on the JOHNSON SEA LINE,

FROBABLE CAUSE

The Mational Transportation Safety Board determines that the
probable cause of the accident was the fouling of the starboard spring-
loaded moused hook and other appendages on the submersible with a
cable attached to the aftermost flagpole of the scuttled destroyer.

Contributing to the carbon dioxide fatalities was the inadequacy
of the carbon dioxide absorbent system in the dive chamber, and the
lack of suitable rescue equipment was a factor in the inability to pro.
vide a timely rascue,

Contributing to the fouling of the submersible were: (1} The
pesition of the air conditioning unit in the pilet sphere which provented
the pilot from obhserving the arca off the after starboard of the aub-
rmersible; and (Z2) the absence in the JOHNSON SEA LINEK operations
manual of procedures to be followed by the pilot when operating in
areas of poasible entanglement.

RECOMMEMNDATIONS

The external alterations made to the JOHNSON SEA LINK are
appropriate but do-net-sufficiently readucethe-risk of entanglement,
Therefere, the National Transportation Safety Board reconunends

that:

l. The ewners of the JOHNSON SEA LINK utilize system
safety technlques to establish operational puidelines to
prevent the entanglement of the JOHNSON EEA LINK.
Thege guidelines should be incorporated in the JOHNEON
SEA LINK eperations manual, [(HEecommendation Mo,
Ma755, )

12




3.

The U. 5, Ceoast Guard actively collect information
concerning worldwide submersible search and rescue
capabilities so that the most effective egquiprment
needed for use in future underwater emergencies can
expeditiously be made avallable., {Recommendation
Mo, M-T5.6.)

The U. 5. Coast Guard acquire as soon as possible an
underwater television unit capable of being delivered
by air and of providing & descending line to a sub-
merged vessel, [Recommendation Ne. Mo75.7.)

The U, 3. Coast Guard and the U, 3, Navy collaborate

in & research and development program to develop the
capability for civilian submersible rescue operations
within the Coast Guard. (Recommendation No. M-75-8.)

BY THE MATIONAL TRANSFORTATION SAFETY BOARD

Adopted this 15thday of January 1975

(,— G hatenya

Member

Meamber ﬂ

MMemhba r//
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Commandant's Action
on

The Marine Board of Investigation convened to investigate
circumstances surrounding the entanglement of the Submer-
sible JOHMSON SEA LINK with submerged wreckage off Key West,
Florida on or about 17 June 1973 with loss of life

1. The record of the Marine Soard of Investigation convened o investigate
subject casualty has been reviewed; and the record, including the Findings
of Fact, Conclusions and Recommendations, is approved subject to the
following comments and the final determination of the cause by the Rational
Transportation Safety Board.

REMARKS

1. Concurring with the Marine Board of Investigation, it is considered that

the cause of the casualty was the entanglement of the Submersible JOHNSON

SEA LINK on the submerged wreckage of the scuttled USS FRED T. BERRY

(D0-858Y. This resulted from the operatove failure to insure an-obstruction rmcn
free operating area for the irreqularly shaped configuration which lent

itself to ensnarement on almost any type of obstruction.

ACTION CONCERWING THE RECOMMENDATIONS

1. Recommendation: That, the Coast Guard actively seek legislation 1o
regulate the construction and operation of submersibles. Included within
these regulations, but not limited thereto, chould be the following
requirements:

a, A report of the scope and geographic area of intended submersible
operations thall be made to the Coast Guard.

L
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b, A 1ife support capability of specified duration.

c. A device on the submersible capable of providing rescue forces
with means of accurately fixing its position.

d. A device on the submersible capable of providing rescue forces
with the means of engaging ts hull.

Action: The Commandant concurs with this recommendation. Legislation
to implement requlations is presently in the Congress, S5hould Tegislation
be enacted to requlate the construction and operation of submersibles, the
Coast Guard would direct its initial efforts toward operational regulations
of the type described in this recommendation.

2 Recommendation: That, the Coast Guard continue to encourage the
peporting procedures set forth in Commandant, U. 5. Coast Guard Instruction

3130, 7C pending any legislation in this area.

Bction: The Commandant comcurs with this recommendation. Participation
in operations reporting by submersibles, under the provisions of Commandant
Instruction 3130.7C, has increased since the JOHWSON SEA LINK accident.

The instruction is under revision to reflect the experience gained in the
JOHNSON SEA LINK case.

3. Recommendation: That, the Coast Guard consider the acquisition, and ]
subsequent dedication to search and rescue, of an air deliverable T.V. umit
similar to that which was used to locate the sea link.

Aetion: The Commandant concurs with this recommendation. The Coast
Guard will consider the acquisition of such equipment in Tight of our other
budgetary demands and constraints as well as the benefits of such equipment,
In addition our efforts will be directed toward improved command and control
and 1iaison which will enable full utilization of existing Coast Guard, Navy,
and available civilian resources.

4. Reeommendation: That, further investigation be conducted into the
possible violationof-Section 103-of -THtle-46-United States-Code-on the .
part of the owners of the M/V SEA DIVER, O.N. 2452885,

Action: The Commandant concurs with this recommendation. A Rgpurt
of Yiolation was submitted on 7 September 1573 and is presently being
processed at the Office of the Commander, Seventh Coast Guard District,

Miami, Florida.
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5. Reconmendation: That, a copy of this report be forwarded to the Chief
of Naval Uperations, U, 5. Mavy for specific consideration of Conclusion
% herein, '

Action: The Commandant concurs with this recommendation. A copy of
this report will be forwarded to the Chief of Naval Operations, U. 5. Navy
upen final determination of the cause by the National Transportation Safety
Board.

6. Recommendation: That, a copy of this report be forwarded to the
Director, Smithsonian Institution for specific consideraticn of Conclusions

1, 3, 4, and 10 herein.

Action: The Commandant concurs with this recosmendation. A copy of
this report will be forwarded to the Director, Smithsonian Institution upon
final determination of the cause by the National Transportation Safety
Board.

L. R, BENDER .
Admiral, 1), §. Coast Guard
Commandant
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DEPARTMENT OF TRANSPORTATION
UNITED STATES COAST GUARD

MAILING ADDAESE!

B943/Marine Board
19 Decesmbar 1973

From: Marine Board of Invastigation

Tao: Commandant (G=My IS 830

Subj: Marine Board of Inwsflgaﬂc&h, Submersible JOHNSON SEA LINE,
entanglement with submerged wreckage off Key West, Florida on
or about 17 June 1973, with [oss of life

FIHDHGS OF FACT

f. At approximataly 0953 EDT on |7 Juna |973 the research submersible
JORNSON SEA LINK became entengled In the immediate vicinity of the scuttled

U-Sis- FﬂED T BEREY fﬂﬂ‘ﬂ-ﬁ-ﬂh

This wracksge |les In approximately sixty

(601 fathoms of water on Amerlican Shoal in the Florida Keys at the approxi-
mate position of 24927'N Latitude and S1934'W Lomgitude. There were four
{4) persons on board the JOMNSON SEA LIMK at the time of [tz entanglement
(bive 130) with fwo of the described persons lesing their lives as a re-

sult of the casualty.

. 2. Vessel date:

a, HName:

oMz
ABS Clags:
Lengthz
Breadth:
Dapih:
Waights

- - POpU s OB — -
H.P.:
Max fmum Spasd:
Owner:

Last CG Inspection
for Certification:
ABS Certification:

Master/FPilot:

Coast Guard License:

JOHNSON SEA LINE (SEA LINK)
b

Manned Submarsible

2

7.9¢

10,67

19, 495§

Electric (Battery) S
20

1.75 knots

Smithsonfan Instituilon
100 lefferson Brive, S.W.
Washington, D.C., 20560
Unlnspactad

Max imum operating depth, (000
Archibald Menzles

1681 Fifth Court

Vero Beach, Florida

Monea

t. The SEA LIMK, as & submersible functions &8s an observatien vehicle
and callecting platform. With a neutral buoyancy capabllity the submers-
fble can hang suspended in an area of high sclentiflc Tnterast, With Its

®
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leck=cut capabillity and relatively large power and 1ife support capaclty
it can spend many hours sitfing on the bottom, crulsing, meving with the
current or any combinatlion thereof. With various devices and Instruments
+he SEA LINE is able to gather data which is external to T+s twe (2} per-
sonnél compartments. A variety of life support gas systems provides The
submersible with a lock-out capability that 1s utilized in conducting
sclentific sea floor callections and experiments at depths of up to one
thousand (1,000} feat.

c. The submersibla, az a complete unlt, defies comparison with any

conventional ship or boat shape. [ts modular constructien lacks the
symmetry or “falring" normally found in both surface and subsurface
vassels, This submersible can best be described as an 111 deflned net-

work consisting of an aluminum framework to which various shapes, con=
talners and appendacges have been attached according fo thelr functional
value rather than a concern for symmetry. (Photograph appended)

d, Two separate pressure vessals (hulls}, which provide space for
tive (5) persons, are attached to the frame, In the foremost section of
the network 1s a transparent sphere approximately flve and one half (5z)
feet In diameter, This compartmant s constructed of four {41 Inch thick
acryllec and provides space for the submarsible’s pllot and ona {1} other
person. The sphere closely resambles a helicopter Poubbl e and provides
+s occupants with nearly unrestricted visibility. T Is provided with
a single entrance hatch which Ts not designed To be opened under normal
elrcumstances while the SEA LINK |5 submerged, Immediately aft of this
sphere e an elght (2) foot long aluminum cylindrical shaped diver's com=
partment., 1t Is approximately five {5) feet in diameter with hemlspher-
ical heads welded thereto, The compartment s provided with a view port
in the forward end and on both port and starboard sides. The side ports
al low the three or lass persons Inside to observe their underwater sur=
reundings whlle the forward view port provides scme degree of visval cone
tact with the pllot's sphera, Although the diver's compartment contains
a single hatch It 15 provided with two hatch covers (lnside and autside)l
which can be "dogged" or "undogged" independent of each other and thus
provide the divers with a capability to "lock cut” of fhe compartment,
“The ters ™Mook out™ for tha purpose of this report shall mean that the
diver's compartment will be pressurized to the amblent pressure of, or
slightly over, the depth of the surrounding water Ih order that the
divers can exit or enter the compartment without Fts flcoding.

e, Immediataly aft of the diver's compartment is a sphers used for
the stowage of diving gas. The sphare has 2 capacity of approximately
fourteen (l4) cubic feat and wsually contains a mixed gss at ninstean
hundred (1900 p.s.i. At the time of the casualty the sphere contained
a mixture of eighty six and one-half (B63) parcent helium and thirtean
and one=half {134} parcent oxygen. This mixed gas stowage area is sup-
plemented by a secondary socurce with a capacity of approximately one
third (1/3) of the dascribed sphere.

18




f. Directly under the pilot's sphere is the battery supply pod. This
containar houses the powar supply for the submersibla's entlire electrical
system Including main propulsion, Strapped to the framework Immediately
outboard of the battery ped are four (4) high pressure air cylinders. Thess
cylinders, twe (2) on each side, provida storage for The air used In the

SEA LINK buoyancy control and life support systems. Similar!y strapped
outhoard of the diver's compartment are two (2}, one (I) each side, oxygen
cylInders which are connacted In such a mamner so as te form another part

of the submersible's |ife support capability.

g. On sach side of the plict's sphere are relativaely larga tanks which
are rigidly attached to the basic framework. These fanks are used as sur=
faca flotation unlts and are normally flooded dering diving operations,
They are "blown" or pressurized by the use of compressed alr during the
surfacing cperation of the submersible. The fwo fanks are capabla of pro-
viding approximately one short ton of positive buoyancy which parmits the
submersible to ride refativaly high in the water while It is on the surface,

h. Two side mounted propulsion motors {one each slide) are locatad just
outboard and stightly aft of the diver's compariment, Thesa units are fixed
and provide only forward or astern thrust, Irmediataly aft of, and centerad
betwaen, thesa motors Is a vertical thruster which 1s alse rlgidly mountad
and therefore provides an up or down thrust to the stern, On +the aftermost
etructure of the SEA LINK are three more propulslon motors which are maunted
In a fore and aft plane on a mechanical ly operated column. This column can
be rotated approximately one hundred and seventy {170} degrees thus provid-
Ing elither ahead or astarn thrust and turning thrust. Just forward of the
pilot's sphere are two bow thruster motors. The foremost is a vertical
thrustor ldentical to the unit near the stern, Aft of the vertical thruster
iz a horizontal unit which provides an additienal turning capability Yo the
submersible, All elght (8} thruster motors are identical excepd for thelir

mount ing plamnes.

t. A rod extending approximately eight (8 feat In front of fthe sub-
mers [ble was equipped with a fork-shaped device which was usad in reftriev=
ing fish traps from the ocean floor, The device, ldentified as a "fance",

was—equ i pped—with-a spring across-the—fork openlng which prevented a_line
or rope from passing back cut of the fork. The principle of its operation
belng similar to a spring loaded snap hook or mousing device.

J. In addition to the specitfic attachments described thero were many
other protrusions jutting out from elfher These attachments or the sub-
mers(bla's basic framework. These appendages (ncluded among othar things
such items as watertight |Tghts, valwves, transducers, and snap hooks.

k, Mavigatlion of the submersible on Dive 130 prier +o the casualty was
being accomplished by Installed navigational equipment and was being supp | e=
mentad by sonar Information provided by the MY SEA DIVER O,.N. 249288, The
SEA LINK equipment included both a sophisticated computerized navigaticnal
system (Doppler Sonar Navigation) and the mare conventional fathometer
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and magnetic compass. However, at the tima of Tts entanglement the
vehicla's maneuvering was being confrolled mainly by visual observation
ar "saaman's aye®,

3. Two persons lost their llves as a result of the entanglement of the
SEA LINK on 17 Juna 1973, HNeither of the *wo (2} male decedents were
ITcensed or certiflicated by the Coast Guard nor were they reguired to

be by existing faws or reguiations. Tha following 15 a summary of their
vital statistics:

Albert dennison Stover S5H [N

Palm Beach, Florida

n,ﬂ.a.*

" Time and Cause of Death Source - Monroe County, Florida Certificate
of Death Mo, |36

Tima: Approximately 0100 EOT &6/18/73

Cavse: Respiratory Acldosis due to Carbon Dloxide PniEnning

Edwin Clayton Link NG

Yero Beach, Florida

0.0.B.

Time and Cauvze of Death Source = Monroe County, Floridae Certificate
of Death Ho, 137

Time: Approximately Q100 EDT 6/18/73

Cause: Respiratory Acldosis due +o Carbon Dicxide Poisoning

4. The surface weather conditions at the time of the casualiy were
excallent, The seas were reported +o be calm with little or no winds,
These same conditions general ly prevailed throughcut the entire rescue
aperations with maximum winds and seas of ten (ID) knots and cne (1}

foot respactively. Water temperatures, ranging from approximately eighty
(80) degrees Fahranhelt at the surface to fifty (50) degrees Fahrenheit
at the thres hundred fifty (330) feet depth level, were calculated on the
basis_of information prowided by a _CSTN_recorder,. . This device_can.pro-
vide water conductivity, salinity, temperoture and depth as well as other
scientifle Information. The surface current was atfributed to the Gulf
Stream and was estimated to be fwo (2) knots, Estimates of the subsurface
currents varied from two and one half (25} knots at a depth of approxi-
mately two hundred eighiy (280} fast to four-tenths {.4) of a knot tidal
Influance at the bottom,

5. a., On 16 June 1973 {(all dates herainafter will assume the year 1973
unless otherwise specified) the SEA LIMK positioned a fish trap near the
sunken U.5.5. FRED T BERRY (DD=858). The FRED T BERRY (BERRY} iz a
scuttled former United States Naval destrover approximataly thres hondred
and ninety [390) feet long and forty (40) feet In breadth. The Board was
unable to establlsh a concise picture of the confliguration of the GERRY
wreckage because of conflicting descriptions provided by the ssbmersible
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and rescus parsonnal. Howaver, a loglcal composite 1s provided hercin
which is based on descriptions of the wreckage and photographs repro-
sentative of the BERRY at the time It was scuttled. The vessal is lying
on Ifs port side in three hundred and fifty (3500 feet of water with its
decks Inclincd slightly from the vertical and its bow inclined up frem

the horlzontal. This attitude would bring the stern of the vessel at or
near the bottom and would slightly Incline any masts on the hull away

from the bottom, The BERRY fs oriented in a generally southwest-northeast
direction with the bow slightly south of west. There were no radar or
whip antennas affixed to the hull at the time of scuttling. There was no
foremast on the wvessel and the permanant aftarmast was a derrick-shaped
platform with threa (3) different |evels of walkways on the platform.

Two of the levels ware guarded by thres (3) tiers of plpe handratls and
the uppermost walkway was guarded by two (2) tiers. The platform mast was
approximately one hundred and forty (140} feet from the vessel's stern.

In addition to the permanent platform, however, there were saven (7) three
{3} inch pipe flag peles mounted normal to the BERRY's decks,

b. The seven {7) flag poles woere identified as reference markers which
wera used In determining the exact positlon of the vessael as it sank, The
poles extended forty five (43) fest from the BERRY maln deck and the atter-
most of the poles 1s located approximately thirty (300 feet forward of the
vessel's stern. This pole is welded fo the BERRY maln deck and Is addi-
t+tonally supported by twe (2) sets of four (4) each stays. The flrst set
of stays orlginate at or near the gunwhale bars and terminate at a point
on the pole approximately twenty (200 feet above the main deck. The other
set of stays also origlnate at or near the gunwhale bars and terminate
approximately forty (40} feet from the main deck., Both set of stays were
constructed of three-alghths (3/8) inch steal cable.

c¢. Tha fish frap was located on the ocean floor and was ldent|fled
as beling approximately thirty five (35} feet to the west of the BERRY's
aftermast and fifteen ([5) feet south of 11s main deck. The approximate
averall dimensions of the trap were eighteen (18) inches long and fourteen
{(14) inches in diameter. A short length of three—elighths (3/8) inch diam-
eter polyprophelens |line streamed upward from the +rap. This lire termin-
ated-in twoL2) flotatlon-balls whilch-caused. the-lina to remaln-upright
in the water. The ITne and flotation balls were designed to provide a
relatively rigid target for the retrieval "lance" of the SEA LINK, As
the fork of the "lance" passed around the line the spring mousing device
wauld restrain I+ within. The flotation balls were of a larger diametfer
than the fork aperture and therefore they could not pass through the fork,
Thus, the "lance™ could be maneuvered arcund fhe ITne at a point under
the Flotation balls and ralsed up to a point where the flotation balls,
and consequently the trap, were supported by the "lance",

6. On the morning of 17 June the SEA LINK was transported from-Key West,
Florida out to Amerlcan Shoal preparatory to a dive down to the fish frap
at the BERRY. The submersible was carried on the stern of the SEA DIVER
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which contalns speclal handling equipment for the purpose of launching
and retrieving the SEA LINK., In additlen to providing transport to and
from a dive site the SEA DIVER also serves as a surface fTender for the
submersible notwithstanding the fact that the SEA LINK Is wholely self-
supporting. The surface vessal serves as an operations and comnunica-
tions center for the submersibla as wall as providing & haven for the
subsurface craft in the event of any sudden deterloration of weather.
Mormal surface communications between the SEA DIVER and SEA LINK Is an
FM transcalver which provides |ine of slght communications anly. Sub-
surface communication between the submersible and the support vessel is
accompl ished by an underwater telephone which 1s compatibla with Its
mllitary counterpart the AN/UQC telephone. The aquipment can be used
for alther CW or vaice communications. This underwater telephone was
the ecemunfcations mode being wtilized during the entire 1ll=-fated Dive
130 of the SEA LINK.

?.' Theres were four (4) occupants of the SEA LINK dering Tts Dive 30

the pllet's sphere were the pilot, I, 2nd Doctor
W Pi lot -2 2n experienced diver and reported
approximately one h {100} dives In the SEA LINK as its pllot prior
to -I7 June. Dﬂ-:'rnrw who was on board as a scientiflic cbserver, is
also an experienced diver and holds a docterate In pressure physiology.
The two occupants of the diver's compartment were Albert D. Stover and
Edwin C. Link. Both men were descrlbed as experienced divers and wers
on board the submersible in the capaclty of research cbservers. They
were wearing shorts and tee shirts at the tlme they enfored the com=
partment and did not plan to lock cut during the dive. Doctor [
recalted durlng testimony that he noted their scanty attlre as thay
prepared to enter the submersible and remarked to them that it was cold
"down there". He could not recal! any acknowledgement of this cbserva-
tion which was precipltated by the conditicns that he had ancounterad
during a lock-out dive in the same area two (2] days praviously.

8., As the SEA LiNKE prepared to dive on the morning of 17 June a training
pilot conducted a prelaunch check of the gsubmersible. ODuring fthe coursa
of this check he discovered that the CO2 scrubber unit In the pllotts
——sphere was-matfunctioning, —Adthough theprelaunch—check was reported—
to take approximately one (1) hour the deficlency was not reported to
Pllot Menzies unti| he had entered the sphere preparatory to diving.
He was advised that one (1) of the two (2} fans in the pfilot sphere car-
hon dioxide (C02) scrubber was incperative. In addition fo thesa fans,
the scrubber contained 3 seven and ene-half (71) pound canister of a COZ
absorbent ldentified as Baralyma. Gas is drawn Into one end of the
eylinder where it flows radially through the absorbent thus maintaining
+he 0?7 concentration below a toxic fevel, Although neither the SEA LINK
Operation Manual nor any witnesses before the Board provided discrete
values of what constituted a toxlc lewvel of COZ, the manual does suggest
that a partial pressure (P.P.)} in excess of & mmHg {slightly over one (1)
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per cent at one {1} atmosphere) is a dangerous concentration. Support
of this suggestion is found in the scale of the mefer normal ly wtillzed
to measure the C02 concentration in the diver's comparfment. This .l
mmHg scale |5 markad In red trom the 8 mmbg point Through the maximum
deflection of 30 mmHg, After checking the flow of alr provided by the
air conditiening circulating fans in the after end of the pilot's sphare
and the remalning scrubber fan, Pilot Menzles daterminad that the com-
partment's COZ absorbent capability was adequate. As the SEA LINK com-
menced its dive, thers was no means of metering the C0Z level in the
pllot's sphere. -Pilot Menzies considered himself sufficiently expari-
anced to detect an undesirable level of CUZ,

9, At approximately 0836 EOT on |7 June the SEA LINK began 1t5 descant,
Mine {9} minutes later (0845 EDT} the submersibie was at a depth of thres
hundred and forty (340) fest where Mr. Menzies secured [ts engines in
order that he could estimate current condltions bazed on The submerzible's
drift. After estimating The current to be about four-tenths {.4) of a

knot and reporting the visibility at that depth to be poor he continued on
toward the wreck. At 0904 EDT that dgate the SEA LINK sighted The BERRY's
anchor chain and shortly thareafter passed over the scuttled destroyer,

The submersible centinued Its fravel until it settled fo the sand of the
ocean tloor approximately forty (40) feet from the fish trap. The 0a35
EDT, 7 Juns position placed the SEA LINK general ly south of both the trap
and the BERRY, Pilot Menzies trimmed the submersible to 2 slightly neca-
tive buoyancy condition in order o ellminate the danger of floating upward
gnder the scuttled hull. Utilizing side motors, affer motors, and both bow
thruster motors the pilot began his approach to fhe fish ftrap. Uuring

this approach an odor of something burning began fo pervade the pilotts
sphere whereupon all electrical circuits were opensd. The circuits were
+han closed individeal Iy with ne odor or defects defected.

13, Continuing in a general northerly direction o1 lot R 2ttempted
to pick up the trap with tha submersible's fork shaped retrieving lance.
Although the pilot accurately maneuvered the lance around the fish trap
retrieving line the operation was unsuccessful bacause The mousing device
{spring) falled to restrain the line within the fork. The pllot maneuvered
~in and SFoond the trap twe (2)y more times Inan unsuccessful-attempt at
retrieval before he aborted the mission. Uuring or lmmediately after,
his third attempt he permitted the SEA LINK bow to fall off five (5} to
ten (10) degrees to the port which caused an equal ewing of the submers—
ibla's stern to the starboard or towarg the BERRY's stern. At some time
shortly after 0945 EDT, 17 June Filot benan backing the SEA LINK
away from the fish trap wntil +ha submersibkle abruptly stopped with what
was described as a "jerk"., \Various maneuvers failed to extricate the SEA
LINKE $rom a steel cable which passed up over the strongback {uppermost
mamber of the hull framewerk) and disappeared from sight, There was suf-
ticient slack in the cable to ensble tha SEA LINK to move approximately

twenty (20) feet or rotate through appreximately two hundred and seventy
(270) degress of arc. At this time the four gocupants of the submersible
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began to assess thelr tenusus position and the options available to them.
Communlcations between the two (2) compariments was being effected by the
use of an Intercommunication system which permitted the diver's compart-
ment to transmit {(talk) or receive {listen) over the same loudspeaker
without any switch changes. On the other hand it was necessary for the
occupants of the pllot's sphere to switch from the |isten mode to the falk
mode to Initiate any communication, This arrangement In effect provided
constant audio monitering of the diver's comparfment excep? during a pi lot's
sphere transmission. Although this system was backed wp by a sound powered
talephone the maonitoring capability was reported fo be in effect during the
entire thirty (30} odd hours of Dive 130,

11, Attempts to free the SEA LINK by use of [t+s own propulsion motars were
abandoned after its occupants became concerned that they might become fur-
ther entangled, At 0953 EDT on 17 June the SEA DIVER was notifled that
+he submercible was entangled. This Information was celayed by the SEA
CIVER to Seaman Radioman Pauwl W, McNamar, U. 5. Coast Guard, who was on
radio watch at the Coast Guard Base, Key West, Florida. The message, re-
cefved by Seaman McHamar via 21BZ killohertz at approximately 1605 EDT,

|7 June, related that a submarine was entangled in Three hundred and sixty
(360) feet of water and that they (SEA LINK) desired Mavy divers. This
radic exchange reflected that the submersible was apparently In "no fnme-
diate danger". ssed this Informotion first to Bostswaln's
Mate First Class U. 5. Coast Guard, who was the Offlcer of
the Day (00D), Coast Guard Base, Key West, Florida on [7 June and Fmmedl=
ately thereafter to the Base Off icer of the Day {ooDY, U. S. Naval Base,
Key West, Florida, Boatswain's Mete tn turn relayed the details of
the SEA LINK's plight on to the Sevent ast Guard District Rescue Coor-
dination Center, Mlaml, Florida. This message was roceived at a ree =
mately 1050 EDT, 17 June by Lieutenant Junior Grade *
U, 5., Coast Guard, who was on duty as the Controller of the Watch. Mr,
B icitiated a call to the U, 5. HNavy Department Pentagon Duty Cap-
taln who Indlcated that the Mavy was already aware of the Incidant and
that the U.5.5. TRINGA (ASR |6) would depart Key West at approximately
FEO0 EDT that date.

t2—1n themeantime at the diving site—the advisabH-Hty of Hocking-out"
the +wo occupants of the SEA LINK dlver's compartment was baeing considered
jelntly by the submersible personne| and support perscennel on the SEA

DIVER. Doctor M,0., an emplioyea of Harbor Branch
Foundation, was on board the B and was promptly advised of the
submersible's plight. Doctor who possessed an extensive back-

grourd 1n diving physiolegy, was an experlenced diver In his own right and
was active in the decislon-making process throughout the antanglemant of

the SEA LINK. An inltial proposal that one (1) men would depart the diver's
compartment in an attempt to free The ~ahle was abandoned because of tha
potential omygen toxicity danger To the compartment accupants Tf the aff?mp1
was unsuccessful, A diver compartment oxygan partial pressure of approxi-
mately one point six two {1,672} atmospheres would be developed Dy the
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thirteen and one=half (134) per cent oxygen mixture at the ambisnt depth,
This lock-out conditien rely 1imit the bottom time available to
the two (2) men. Doctor personal Iy felt that anything over
+wa (2) hours at that partial pressure would be hazardous to the men's
health, He related during testimony that this two (2) hour estimate was
establ ished by reference fo MNavy Diving Tables. He also indicated that
he was making his recommendations o Mr, Edwin A. Link based on other
Mawvy Tables as well. Mr, E. A. Link, who in effect was in overal |l charge
of operations, sccepted the recommendations of Dr. B dccided
1o awalt the arrival of the TRIMGA. This declsion was by no means uni-
lataral as it reflacted the wishes of his son, Fdwin C. Link, and Albert

Stowver.

13, Shortly after the no lock-out decision, approximately [030 EDT, the
submersible began to experience a CO2 bulld up in the pilat's sphare.
P1lot Menzles chacked the C0OZ scrubber and discovered that the unit?s
only remalning fan motor was Inoperative. He emptiad the Baralyme from
the scrubber canister into his shirt which he had removed for this pur-
pose. By holding the Baralyme laden shirt In front of The afir condition—
Ing unlt he was able fo take advantage of its circulating fans. The
combination of these fans and the Baralyme was sufficlently effective
to cause Pilot Hrcr report to the surface at 1130 EDT, 17 June
that "0O2 level golng down", A cpare cannister was propped up In front
of the air conditioning unit in order that I+ could ufllize the clircu=
lating fans in the same mannar as an instal led scorutber. Tha Baralyma
was removed from the shirt and agaln placed In its original cannister
for later usc.

14, At approximately noon tlocal +ime} the same day a small boat from
tha SEA OIVER attempted to get a buoy line down to the SEA LINK. This
line was intended to be a down haul or descending line that could be
utillzed in bringing Mavy dlvers directly dewn To The stricken submers=
1bla. The effort was unsuccessful as the new buoy line became fouled

In an existing buoy 1ine that served as a marking device for The wrack
+self. A=z the SEA DIVER made all efforts to assist in the rescue of

the entangled SEA LINK the Maval Command in Key West raquested assistance
— from—the U,-5.-Havy Submarine-Developrent Group, Zan_Disgo, Callfornia,

A Roving Diving Bell, with necessary support personnel and equipment, was
prepared for alr delivery to Key West, Shartly befora this specialized
submarine rescue equipment departed Callfornfa the TRINGA arrived on the
scene of the entangled SEA LIMK. As all principals at tha site awaited
the arrival of rescue forces the prellminary calculations reqarding the
capabi|ity of the submersible to malntain the 002 level within acceptable
imlts ware completed, These original calculations based on & 700 Fahr-
enhelt assumpticon, were determined to be forty two (42) hours In tha
pllot?s sphere and sixty one (611 hours in the diver's compartment.

These calculations were later revised when it became apparent That the
low temparature in the diving compartment was exerting a deleterious
influence on the Baralyme.
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15, At approximately [615 EDT on 17 June the TRINGA arrived at the site
of the entangled SEA LINK, After determining the submarsible's approxi-
mate location the TRINGA commenced maneuvering to effect a four {4) point
moor over the estimated position of the SEA LINK. By 2015 EDT the sams
date the rescue vesse! was In an eight hundred (800) yard radius four

(4) point moor within twenty (200 feet of the buoy line that was assumed
to terminate at or near the SEA LINK. Efforts by the surface support
and rescue persocnnel and the submersible crew to accurately fix The posi-
tion of the SEA LINK were largely unsuccessful. The lowering of |ights
from the surface, Intended to provide the submersible with 2 means of
determining the position of the TRINGA, and the biinking of the SEA LIHK
lights for possible surface detection, managed to prov ide what at best
was a marginal target for the rescue divers. Durlng the course of this
mansuvering and location process the submersible's diver compartment
Baralyme began to display its natural, and known, propensity to become
less effective or efficient at reduced tempsratures. The aluminum diving
compartment Internal femperature at this time was near the temperature of
the surrounding water. Although the exact diving compartment temperatures
wara not obtained they were reported to the surface to ba as low as 459
Fahranheit.

|6, At approximately 2200 £0T en |7 June the occupants of the diver's
compartmant raported that the C02 absorbent capability of the Baralyme
wae axhausted, The diver's compariment was now unexplainably reperting
an absojute pressure of approximately two (2} aimospheres. At 2225 EDRT,
I7 June the two occupants of this compartment shifted to air suppl led
maskes as their sole socurce of breathing gas. At approximately 2245 EDT

+hat date a two (2} man team of TRINMGA hard hat divers began a descent to

the stricken submersible which by this time was reporting a divar's com-

partment absoluts pressure of approximately three {3) atmospheres, This

chambar air pressura continued to bulld vp wntit I reachad an aighty

(80} feat depth level at approximataly 2311 on 17 Juna at which time the
breathing gas supply was changad to the hal ium=oxygen mixture. The

TRINGA divers by this time had reached a depth of approximately three

hundred and sixtean (316) feet where their progress was Impeded by the

BERRY superstructure, They reported that the SEA LINK was stuck under

——the wrackage of-the BERRY—or -mast—thersof—and—Indicated that-thelrde- - - s
scant was stopped by a radar refiector approximatety twenty five (25}

faat in diameter, The divers described the SEA LINK as belng fouled

with its beam on a metal whip antenna. They also related that there

ware numerous hoses lylng over the side of the wreck. Although they

did not quantify their evaiuation of the water temperature In the vicin-

ity of the BERRY they emphasized that It was "wary cold". Failing in

thair attempt to alude the BERRY hull the two (2} TRINGA divers began

their ascent. At this time a lock out of the fwo {2y men In the diver's
compartment was again considered, The men in the after chamber reas-

sarted thelr desire not to lock out and this decision was concurred with

by both the submersibie's pilot and personnal on board the 5EA DIVER.

As the TRIMNGA dlvers continued their ascent the rescus yvessel began re-
positioning to provide its divers clear access to the SEA LINK. The
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prassure in the diver's compartment continued To bulld up as the TRINGA
began its preparation to send divers down again, AT 0OOD EDT on 18 June
the diver's compartment was reporting an abselute pressure of approxi=-
mately ten (10) atmospheres.

17. At approximately 0015 EDT on 18 June the bottom hateh of the diver's
compartment openad as the compartment had now reached the ambient depth
aquivalent of approximately twelve {12) atmospheres. A lock out of one
(11 of the twe (2) men in the diver's compartment was agaln considered

a+ 00%8 on that date. However, by this time both men were too cold fo
attempt such an operation, [n addition to the exposure of thelr sur-
rounding environment they were also belng subjected to a rapid body heat
loss precipitated by the helium exhalation. The TRINGA at this time was
attempting to locate directiy abowe the BERRY by maneuvering southward

in response to Pilot Menzies directions from the ocean flcor, The pllot
was relaying Instructions to the TRINGA based on hls cbservation of llghts
suspended by the surface vessel for observation by the submersible person-
nal. Pllet Menzles reported to the surface at 0112 EDT, 18 June that the
men 1n the after compariment were suffering from convulsions, The men in
+he pllet's sphare ware unable to confirm thls conclusion with the occu-
pants of the after comparitment because no audlo exchange had taken place
after about 0030 EDT, 18 June nor was any later communlcatlon ever esta=
blished, The TRINGA divers began thair second descent at approximately
035 EOT, 18 June and reported themselves 1o be at bottom depth about
alght {8) minutes later. Since they were at bottem depth and thalr

| ights were not visible to Pilot Menzias he conc luded that they were to
+he north of the BERRY. The pilot requested that the TRINGA diverts

ctage be ralsed and deposited to The South of the BERRY hull thus pro-
viding the cumbersomely outfitted divers a reasonable chance of succass

in reaching the entangled submersible. Efforts by the TRINGA divers Yo
penatrate the BERRY seperstructure and the cable array extending from

the scuttled vessel were unﬂquBSE#ul and this dive as the tirst was
aborted, During this hard hat diver attempt fo reach the SEA LINK, the
Roving Diving Ball {BELL) with Its support personnel, arrived at the

site and was reported to be on board the TRINGA at 024% EDT, 18 June.

|8, The BELL was lowerad from the TRINGA at 0605 EDT, 18 June with two
{2} divers therein, The BELL descended To Two hundred and elghty two (282)
feat where one (1} of the embarked divers latt the compariment, The diver
encounterad such a strong current that he was unable to continwe his de-
scent, The buffeting received by the diver was sufficlent In magnltude te
cause him %o become fouled in his own gear and to remain fouled for nearly
fifteen (15) minutes. After freeing himself he returned to the BELL where-
upon 1+ was ralsed to the surfaca at 0920 EDOT, 18 June, Determining the
current to be cyclleal it was calculated that the next slack would occur
at approximately 1200 EDT, I8 June. Flans to lower the BELL at some Time
between 1100 EOT and 1200 EDT the same day were formulated. After the two

(2) divers had disembarked T 1t was again lowered with a 1 ight
attached in order that Pllot eould provide positioning irstruc=
+ions to the surface. The downward +ravel of the now unmanned BELL ceasad
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at about 095] EDT, 18 June when it reached a depth of three hundred (300}
feat, Influsnce exerted on the BELL by either the current or the BERRY

prevented the TRINGA from raising or lowering the rescue unif. .

19, The submersible PERRY CUBMARIME (P.C, 8), which had baen transported
aut to the site earlier the same day by the U.S5.5. AMBERIACK (55 525), was
launched at 1240 EOT, 18 June in order that it might make an exploratory
search of the bottom in the general wicinlty of tha SEA LINK, Ar Incpara-
tive sonar on the P.C, 8 so reduced [ts effectiveness that I+ returned to
the surface one and a half (1§} hours later., Shertly before the P.C. B
surfaced the Salvage Vessel M/V A.B, WOOD 11 (WIOD) O.N, 501922 arrived

at tha site. 0On board the salvage vessel was an underwater television
camera which could be maneuvered under water by personnol on the surface.
Almost simultanecusly with The WXOD's arrival the occupants In the forward
compartment of the SEA LIMK began breathing air from the life support high
pressure alr system of the submarsible. This shift was nacessary because
+he Baralyme In the compartment could not absorb any additienal COZ.

20, The underwater T.Y. cemera and its platform were launched at some-
t+ime after 1500 EOT on |8 June., The camera descended to a depth where 11
not only was in sight of the SEA LIKK but also was previding surface par-
sopnel with a view of the entangled submersible, The T.V. camera and
maneuvering platform were raised about twenty (20) minutes later In order
+o attach a four (4) prong grapne! whose tines were approximately aigh-
teen (18) Inches long. The grapnel was attached to the T.V, camera with
a ten (10} foot length of steal cable and the entire network was again
lowered to the SEA LINKE position on the ocean floor. The submersible
reported to the surface at 1641 EOT, 18 June that ono (1) tine of the
suspended grapnel had engaged the SEA LINK. Twelve minutes later the

SEA LINK was brought to the surface still attached to the T.V. camera

and 1+s maneuverable platform. The grapnel had engaged the submersible's
strongback at its Juncture with the support column for the three (3}
ahead/astern propulsion motors.

21, At the time the SEA LIMK surfaced the pilot's sphere was at an abso-
lute pressure of approximately two (2} atmospheres and th iver's com=
tment was_ still_at twelve (12) atmospheres.  Pllot Hn . et
were transferred to the TRINGA recompression chamber where their
decompression was started at 1715 EDT, 18 June, The SEA LINK was towed
to the SEA DIVER and was hoisted on board the surface vessel which then
went alongside of the TRINGA in order to utllize facilities of the rescue
ship. A helium and axygen mixture, of very low oxygen (4%) oxygen con-
cantration, was used by the TRINGA to force ventilate the diver's com-
partmeat as it remained pressurized. As It was being ventilated hot
water was baing sprayed over the aluminum compariment In an effort tfo
raise its internal temperature. Although Edwin ClayTon Link and Albert
D, Stover were visible through the compartment's view ports there was no
avidence of vital signs that I[ndicated they were allve. As efferts con—
t+inued to revive the two men, the T.Y. camera was agaln launched to aid
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In recovering the still fouled reving diving bell with this operatlon
commencing at some time near 1845 EDT, |8 June. ODecompression for the
twa (2} occupants of the submersible's pilot sphere was successfully
concluded at approximately 1915 EDT, 18 June with both men pronounced
medlfcally f1t. At 2300 EDT, I8 June the BELL was hoisted on board the
TRINGA and the rescue vessel remained in its four point moor with the
SEA DIVER alongside.

22. A period of fourteen (14) hours had now elapsed with no signs of
life in the diver's compartment. Madical doctors in attendance con=
cluded that both men in the compartment were dead and therefore the
ventilaticn and hat water spray operation was secured., Thus at approx=
fmately (03 EDT, 19 June depressurization of the 3EA LINK was commenced
with a one (1) atmosphere pressure programmed for 2100 EDT the same day.
The SEA DIVER departed the site for U, 5. Maval Base at Key West arriv=
Ing there just before noom on 19 June, Edwin Clayton Link and Albart
Dennizson Stover ware removed to the FlorTda Keys Memorial Hospital, Key
West, Florida and avtopsies performed on both decedents.

23: The SEA DIVER, with the SEA LIMK =till on board, arrived in its
nome port of Fort Plerce, Floerida on 28 June., During the course of a.
hull examination subseguent to 28 June certain secticons of the LA LINK
displayed evidence of cable zcraping. In the general area of where Or.
Meek observed fThe cable o pass up over the stern of The SEA LINK were
a number of structural members that contalned scratches and serrations
Inconslstent with the remainder of 1+s5 surface. For example, the for=
ward edge of the propellor shroud on the starboard fixed propulsion
motor contained deep scratches resembling file marks. Above these
abraslons were similar scratches on the plastic cover of a pneumatic
valve, Immediately above this plastic cover Is an aluminum pad that is
walded to a support member of the starboard surface buoyancy fank.
Bolted through a hele In this pad 15 a2 steel hook which is used 1o re=-
strain guide lines during retrieval of the submersible but is not used
as a |Ifting hook. Tha hook I3 approximately onre and a half (13} Inches
in diameter and five (5) inches long with 2 two (2) inch opening, The

capable of producing & serrated effect, In additlion to the scoring of
the hook the spring-toaded mousing device was wrenched from its normal ly
closed position.

24, Mr. I cs1| to the Pentagon Duty Officer was in accordance
with Commandant, U. 5. Coast Guard Instruction 3130,7C of 23 December
197t which acknowledges & lack of Coast Guard facilities Intended spe=
citically for submersible rescua, The Instrustion continues by recog-
nizing the availabiiity of U. 5. Navy underwater rescue capability.
Consistent with this capability was an initlal designation, on |7 June,
af the TRINGA as the On Scene Commander and the later designation, the
sama date, of the Commander, Key West Forces (U, 5. Mavy) as the Search
and Rescue Mission Coordinator,
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25. Tha M/Y SEA DIVER, O.M, 249288, is enrolled and llicensed In Hew
York, M. Y. as a yacht, Ifs current Consal idated Certificate of En-
rol Iment and Yacht License reflects that the vessal's owner s the

Sea Diver Corporation, Jamalca, New York and Edwin A. Link, Binghamiton,
Hew York 1s slgned on the document as Master.

26, _diving experfence is as varied as It Is exten—
sive., Emanating frem a SCUBA diving origin his experience progressed
through the hard hat stage to the position of Chief Submersible Pilot,
tmithsanian Institutlion. He repeatedly displayed an unmistaken empathy
with the TRIMZA hard hat dlvers who were trylng te reach the entangled
submersible in thelr cumbersome gear. His testimony regarding The ex-
trems difficulty faced by the Naval divers In maklng thair way over any
appreclable distance of the ccean floor was plso reflected In his pere-
sistent concern during the rescue attempt about the surface position

of the TRINGA.

27, rict N Dc:c‘l'arQnd Doctor T« seaing
cables extending from the sunken hull of the BERRY. Or. described
swa (7)) sets of four {(4) each cables terminating on a deck of tThe BERRY.
He further tdentlifled them as "guy" wires which were attached to the
aftermast which h ed 85 a pole approximately fiftean (13) feef
In length. FTIaTWalsn cbserved cables extending from the mast
but he estimatad the pole length to be forty (40) to forty fiva (45)
seet. Atthough Doctor == vretls to recall seeing the "guy®
wires described by Doctor I e did observe "rigging” on the BERRY

during a dive he participated In prior to Dive |30, He sTmply noted
that there were cables drapad over the vessel's deck and hull Itself,

8. There was no pollution of the navigable waters of the United States
as a result of this incldent. Moreover, there was no reported damage

to +he SEA LIMK that would materially affect its operational capebl| Ity,
The previcusly described minimal scraping of structural members was the

enly Tdentified casvalty=-assoclated damage.
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COMCLUS | ONS

I+ Ts concluded

. That, the primary proximate cause of the JOHNSON SEA LINK antanglement
In or near the wreckage of the sunken U.5.5. FRED T BERRY was the fault of
the submersible pilat for his fallure to ensure that the Intendad manesuver-
Ing area of the JOMNSOM SEA LINK was free from any obstruction. This fail=-
ure Fs attributed to either a lack of prudence that reflects unfavorably
upon his competency or passibly to the disruptive influence of Tncidants
that took place Immediately before the casualty. Concern over the unknown
source of the electrical fault Is assumed to have exerted a psychologieal
influence of unknown intensity, This conditlon Ts considered fto have been
turther aggravated by the presumed distractlon caused by the fallure of
the "ance" o aperate properiy.

2, That, the primary proximate cause of the events that led up *o the
deaths of Edwin Clayton Link and Albert Dennison Stover was tha inabillty
of rescoe forces to timely extricate the JOHHSON SEA LINK from the sourca
of T+s entanglement. Such Inability, however, was solely a functlon of
circumstances and equipment | imitation and s not Intended to describe

any Individual performance by surface, subsurface or support parsonnal,

3, That, a principal contributing factor to the JOHMSON SEA LIHK's en-
tangfement was its hull shape, The submersible’s modular construction

of frregular shapes, projections, and appendages provide an excellent
configuration for ensnarement by almost any type of ebstruction. Shield-
ing or faired guards over as many of these appurtenances as possible, or
relocation thereof, would materfally reduce the possibllity of a similar

casuaity,

4, That, the submersibla's pilot and the two cccupants of the divar's
compartment displayed an incredible casualness in thelr preparations for
Dive 130, considaring the inherent hazards of their cperation. The pilotts
ral fance on hig S&nses 1n 1160 of 8 standard metering device 1o détect an ——
unsafe bufld=up of C0Z in the pilot's sphere is inconsistent with the known
af facts of COZ on a person's faculties.  Moreover, his lack of concern for
the defective COZ scrubber fan motor and the diver's compartment occupants!
unconcern over the reported temperature of the water furthar supports an
asseszmanT of undue casualness,

5. Ihat, Tha whip antenna described by the initial team of IRINGA dlvers
as tha source of the SEA LINK's entanglement was in fact the aftermost
refarance marker flag pole dascribed by the submersibles parsonnel as Tha
BERRY's aftermast.

6. That, the projection of the BEHRY described by the Initial team of
IRINGA dlvers as a radar reflector was In fact a part of the after platform
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mast, The configuration of the platform being presented fo the divers
In thair descant would include the walkways with their pipe guardrails.
The resuiting panorama observed by the dlvers, under conditicns of poor
visibllity {nighttime), could have been Inferpreted to be a radar antenna,

7. That, the source of the SEA LINK's entanglement was located at, or
very close thereto, the aftermost reference marker flag pole which was
[dentiflied as the BERRY's aftermast. The source itself is considered to
be the |lowest {port} forestay of this mast andfor an unidentified cable
suspended from the BERRY hull. Either sgurce Is considered capable of
permitting the !imited maneuverability, reported by the submersible's
pitot, during the SEA LINK's restraint.

8. That, +he cable which was observed passing over the after end of the
SEA LINK most probably was restrained by the sterboard side motor propel-
ter shroud and the retrievel gulde hook located above the motor.

9. That, the scuttling of vessels containing extranecus cables, lines,
hoses, wire antennas, wire guys or stays and any other identifiable
source of ensnarement for man or maching, iz mot in the best interests
of the gensral public, WIth the Increased Interest amd activity In fch-
thyclogical studies on or near vessels scuttled to serve as artificial
reefs, will come an attendant increase in potentlal casvalties.

10, That, the lives of the two {2} decedents might have been saved [f
the SEA LINK diverts compartment contained. some means of elevating the
amblent temperature of the Baralyma,

It. That, the lives of the two (2) decedents might have been saved if
the M/V A.B. WOOD T.V. camera and 1Ts maneuverable platform had arrived
at the diving site on |7 June 1973, Or alternatively that their ives
might have bean saved 1f a similar air deliverable unit, dedicated to
search and rescue, had been dispatched o the diving site at first notice,
The ease and rapldity of the rescue once the A.B. WOOD unit was coomitted
contrasts sharply with the difficulties and dangerous conditlons encoun-
tered by the TRINGA divers.

12, That, there 1s no evidance that the failure of the owners of the
SEA LINK to comply with the reporting procedures of the Commandant, U.5.
Coast Guard Instruction 3i30.7C contributed to the casualty. This con-
clusion Is premised on the proximity of U. 5. Naval rescue forces and
thelr foreknowledge of the SEA LINK's operations.

13. That, there is evidence of viclation of Section |03 af Title 46
Unkted States Code on the part of the owners of the M/Y SEA DIVER

0.M, 249288.

14, That, there is no evidence that personnel of the Coast Guard or
any other governmental agency contributed to the casualty or the cause
of the casualty,
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RECOMMENDIT | MG

IT 15 recommended

I. That, the Coast Guard actively scek legislation to regulate the con-
struction and operation of submersibles. Included within these regula-
tlens, but not |imited thereto, should bo the following requirements:

a, A report of the scope and geographic arca of intended submersible
ocperations shall be made to the Coast Guard.

b. & |ife support capabllify of specifled duration.

; c. A device on the submersible capable of providing rescue forces
with the means of accurately fixing its position.

d. A device on the submersible capable of providing rescue forces
with The means of engagling Tts hull,

7. That, the Coast Guard continue to encourage the reporting procedures
set forth in Conmandant, U, 5. Coast Guard Instructicn 3130,7C pending
any legislation in This area.

3. That, the Coast Guard consider the acqulsition, and subseguent dedi-
catlen to search and rescue, of an air deliverable T.¥. unlt similar to
+hat which was usad to locate the sea link.

4, That, further investigation be conducted Into the possible violation
of Sectlon 103 of Title 46 United States Code on the part of The owners
of the M/Y 3EA DIVER, O.N. 249288,

5. That, a copy of this report be forwardad e the Chlef of Haval
Operations, U. 5. Mavy for specific consideration of Conclusion 9 herein. .

6. That, a copy of this report be forwarded fo the Director, SmiThsonian
Ingtitution for speciflc conslderatlon of Conclusions 1, 3, 4, and 10
- —— . hﬂrE,] n‘ —— -— e - — b — [SEE T

F. W. FOLGER, CAPTE USCE
Chalrman

D. F. S!ITH, COR, USCG

Member and Recarder

.°5, CRUICKSHAMEK, LCOR, USCG
Membear
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