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SEAFLOOR CONSTRUCTION-
SEACON-EXPERIMENT

Figure 1.1.2.

BACKGROUND AND HISTORY

A senies of seafloor construction experiments is
required to periodically evaluate recent technological
developments in scafloor construction and to
derermine critical deficiencies.

The SEACON task was outlined in the Technical
Development Plan for DOT and provided for the
development and demonstration of many of the
technologies required for implementation of the
Navy's plans as expressed in the Plan for Definition of
NAVFAC/NCF Role in Ocean Engineering [1.1.2],
the Navy
Program (Proposed)

Deep Submergence/Ocean  Engineering
1970-1980 [1.1.3],
Navy’s role in the Exploitation of the Ocean (Project
BLUE WATER) [1.1.4].

The SEACON task was established in October
1968 in response to a request from NAVFAC [1.1.5]

and the

Relationship of ocean engineering work units to SEACON experiment.

to develop plans for a Seafloor Construction
Experiment. A description of the SEACON project,
along with preliminary plans and a cost estimate, was
[1.1.6]. Criteria for
selecting a construction site were established, and the

completed in January 1969

Site Selection phase of the project was begun in
December 1968. Experimental plans and funding
requirements were submitted by project engineers in
1969.
experimental installation was scheduled for April
1970. A deferment of funding in FY-70 delayed the
1971. The SEACON
structure operated successfully on the seafloor for

June Initially, the construction of the

construction until  August

nearly 11 moenths and was recovered in June 1972.
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Figure 2.1.7. Fathogram recorded ilong trackline indicated in Figure 2.1.6.
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Record of subbottom structure at SEACON | site obtained with a 3.5 kHz profiler

(ship course 220 degrees, sweep rate 172 second, USNS BARTLETT, 6 May 1971)















Figure 2.2.2.

Bottom current meter of array no. 2
connected to the anchor block by 3-ton
swivel,

consultation with the current meter manufacturer,

several steps were taken to improve its design.

the
incorporated into the second array was to paint the

Subsurface Buoy. One of changes
subsurface aluminum buoy with zinc powder paint.
Because gray is difficult to distinguish by divers, two
6-inch-wide (152.4-mm) white stripes were painted

around the buoy.

Pinger. The CElL-fabricated pinger used on array
number one was reinstalled on array number two
(Figure 2.2.4). One month after the deployment of
array number two, the pinger was inoperanve; it was
replaced by a 40-kHz Burnett pinger with sufficient
battery capacity to last 1 year.

Current Meters. Severe corrosion to the current
meters during the deployment of array number one
prompted several changes to the design of array
number two. The galvanic corrosion was so severe
during the first 6-month deployment that various
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parts of the current meters had to be replaced and 2l
of the other parts had to be refurbished. The steel
mounting brackets and steel shackles that supported
the aluminum current meter cases proved to be
detrimental. The meters had small screw-in anodes
the

galvanic corrosion set up between the case and the

installed, but they were ineffective against

brackets (Figure 2.2.5).
the
the later deployments.

Two approaches to problem were

incorporated in First,
nonmetallic isolators were placed in the supporting
the ends of the current meters, thereby

the
In addmion,

eyes at
metal-to-metal contact between
the shackles.

4 x 1-1/2 x 1.inch mlitary specification zinc anodes

preventing
current meters and
were screwed onto aluminum bars which, in turn,
were bolted to the two end plates of the current
meters providing added protection to the aluminum
meter cases. These are shown in Figure 2.2.4. All
external metallic components of the meter had to be
in contact for the anode to work properly; therefore,
paint and anodizing coatings were removed from the
mating surfaces.

A strong copper base antifouling paint was used
on the rotor and vane of the two upper meters to be
deployed in array number two. The antifouling paint
was added to the brackets around the rotor and vane

of the top meter only.

Concrete Block. In array number two, brackets
the the that
addinonal samples of wood and acrylic materials

were added to sides of block so

could be attached.

Miscellancous Equipment. The wire used in
array number one was determined to be in adequate
condition for re-use in array number two. Some
growth was evident on the cable, bur the corrosion
swivels were cleaned,

was negligible. The 3-ton

greased, and reinstalled on array number two.
Array Number Three

The acquisition of a new digitizing instrument
capable of recording current speed and direction,
temperature, and depth (CCTD)
influenced the design of array number three. This

conductivity,

ume the changes were minor because of the good
results obtained from array number two. The new
meter was placed at the bottom of the array to obtain



Figure 2.2.3. Map showing location of the three oceanographic arrays deployed in
support of SEACON 1 experiments.

the additional parameters that would be of more
value at this level. This meter was delivered with an
anode mounted on one end of the meter; anodes were
also attached to the ends of the stainless steel te
The use of anodes on the te rods is
especially if they are
protect the tie rods from crevice corrosion failures
under mbber standoffs. This meter was not mounted
in the special bracket for the deployment, but the
isolators were used to separate it from the steel

hardware and wire.

rods.

questionable, designed to

The mid-depth and top meters were the same
ones used previously. The two
programmed to record data at 30-minute intervals for
208 days, and the new meter at 15-minute intervals
for 240 days.
refurbishment other than a washing to remove the

top meters were

The meters and the buoy needed no

previous biological growth. Test panels of wood,
plastic, acrylic, and were again
attached to the bottom concrete anchor block.

ropes, concrete

SEA OPERATIONS
Emplacement

The arrays were placed within the
1,500-foot-square SEACON 1 site so
interfere with the other sea operations at the site. The
first array was placed at 34°17°08"N, 119942’53"W
on 28 January 1970 from the USNS BARTLETT
(T-AGOR-13) and was not disturbed during the
6-month period. The array was checked periodically
by divers locating the pinger and swimming to the

as not to



Figure 2.2.4. Location pinger fastened to the
shallow current meter of oceanographic

array no. |

Figure 2.2.5. Impurities in sacrificial anode of

oceanographic array no. 1 reversed the
galvanic cell and caused severe corrosion

of aluminum P.l” S

subsurface buoy. Some difficulties were experienced
in the initial attempts to locate the pinger, but after
the divers obtained more practice using the locator
the operation went smoothly

Array number two was placed within the
SEACON site on 28 August 1970 from the CEI
warping tug. The array was placed at 3417'15.5"N,
119942°'47.5"W, as shown in Figure 2.2.3. The array
was not disturbed during its deployment except to
change the pinger. The original intent was to leave the
array for a 6-month period, but its location prompted
carly retrieval so as not to interfere with scheduled
operations which were upcoming within the last 2
months of its deployment

Since the emplacement of the SEACON |
concrete structure was delayed, array number three
was not deployed unul 28 August 1971; it was
deployed from the CEL diving boat (LCM-8) at
34°17°18"N, 119Y42'53"W. A spar buoy of PVC
pipe sections was installed which stood 5 feet above
the surface. It was used as an ad for locating the

array
Recovery

Array number one was retrieved on 23 July
1970 after 181 days in the ocean. The CEL diving
boat with a small 5-ton crane was used for the
recovery I he entire array was retrieved, thereby
providing valuable information about the
environmental effects on materials as well as current
data

Array number two was retneved with the CEI
diving boat on 30 December 1970 after 124 days of
operation. The entire array was retrieved, including
the concrete block with the material samples

Array number three was retrieved on 25
February 1972, 186 days after implant. Earlier
attempts to retrieve the array were unsuccessful
because divers could not locate the array by homing

on the pinger

RESULTS AND DISCUSSION

Corrosion and fouling data were obtained di
rectly from the sample materials attached to the
anchor block and indirectly from the meters



























Figure 2.3.1.

depth sounder, and the fength (usually twice the
dl‘p!h) of CURV

payed out. Small buoys were attached at appropriate

i1 cable was measured as it was

intervals to the cable near CURV I for a given length
{usually one half of that to be payed out).

If a target (acnuve or passive) were used, a
continuous transmission frequency modulated
(CTFM) sonar (9 or 45 kHz) on CURV 1l would pick
out the target, and its range and bearing from CURV
11 would be displayed on a cathode ray tube (CRT)
topside. The television cameras on CURV 11 served as
navigational aids by visually identifying the height of
the vehicle above the bottom or s distance from a
target.

Additionai site survey equipment were added to

the nstrument complement on CURV 1. Included

CURV 1 submersible vehicle.,

were sediment corers and two types of sediment
penetrometers, one cylindrical and one conical,
carried in the claw. A LORAC positioning set was put
on the YTM to determine position.

During the first four dives of this operation
CURV 1l visited the seafloor between
34914'N and 34Y16'N, and between longitudes
119940'W and 119946’'W 1o pick a site. Visual
observations with the television, sonar search with the

latitudes

CTFM, and soil testing and sampling with the
cvlindrical penetrometer and the soil corer were made
and photographs taken. It was found during these
dives that the castern part of this area had poor
visibility and the middle part was partially rocky. The
western part, which was finally picked, was found to
offer the good visibility and cohesive sediment that
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34V14°537N,

and was marked with a passive marker

were desired. The site selected was at

119944°257W,

made

of two oxvgen tanks welded together end to

I'his marker, shown in Figure 2

end
from the YTM
I'he

300-toot-radius

3.4 was «h‘n})}\('ti

next two dives invohed surveving the

arca around the marker; this was

done primarily with television and sonar.

tests with the ovlindrical device were
The

surveved by

Pencirometer

made, and a sediment core was taken. entire

1,500-foot-square area was then
television and sonar during the seventh dive. The cone
penetrometer was also employed on this last dive.
that the

the

Ihese survey dives revealed

600-foot-diameter arca \urruuncilny marker

remained reasonably clear of turbidity in spite of all

2. TELFPROBE,

towed vehicle,

1 near-bottom,

CURV N

small depressions up to 1 toot n diameter and

the movements. No features except tor

2
inches in depth were detected by sonar or television,
and the area was quite flat. Amimal life consisted of
equal numbers of urchins and sea pens at an average
of 10 feer between individuals and occasional crabs
and small fish, which probably produced the small
depressions. There was very little trash (tires, cans,
etc.) on the bottom. The 1,500-foot-square area
centered on the marker was as featureless as the
600-foot-diameter part, except that some rocks were
exposed with attending animal life near the southwest
corner. and that some small knolls were found near
the northeast corner. Turbidity and reduced visibility
were noticed when CURV 1 passed over a course for

a second ume
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Figure 2.3.3. DEEP QUEST aboard TRANS QUEST

Figure 2.3.4. SEACON | site marker viewed
from CURV I
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TELEPROBE

The TELEPROBE vehicle was undergoing sea
trials in Southern California at the tuuime of the
SEACON 1| site survey. Therefore, it was convenient
for the TELEPROBE to try uts side-scan sonar and
stereo-photography capabilities at the SEACON site
Since it was an excellent opportunity for CEL to
compare T'ELEPROBE’s site survey capability with
CURV II's, it was used at the preliminary SEACON
site. It made six dives between 9 September 1969
(when the support ship arrived on site) and 18
September 1969 (when the support ship departed the
SEACON 1| site) after spending 10-16 September in
port for repairs. The average length of each dive was 4
hours surface to surface for a total underwater time
of 24 hours. Descent and ascent took about 15
minutes cach for a total bottom ume of 21 hours

The TELEPROBE equipment used for this
operation was the sidescan sonar and the
sterco-photography instruments. The TELEPROBE
concentrated on the preliminary site sclected after
the CURV Il operation. It made dives when the
approximate location of the can marker was reached

on the surface as determined by LORA(




The dives confirmed that the preliminary
SEACON 1 site was wvirtually The
photographs showed the same sparsely populated flat
seafloor found by CURV [I1. The side-scan sonar

featureless.

records showed larger depressions than CURV 11
revealed; these appeared to be up to 20 feet in
diameter.

DEEP QUEST

The site finally selected for SEACON was
surveyed by DEEP QUEST as part of an operation
planned by the Naval Oceanographic Office to
demonstrate the surveying capability of a completely
mnstrumented, manned submersible as described by
Busby [2.3.4]. Twelve dives were made between 10
April and 16 May 1970 with zn 18-day interruption
for submersible and instrumeniation repair. The toral
underwater time logged by DEEP QUEST during the
actual surveying operation was about 73 hours for an
approximate average length of dive of 6 hours surface
to surface. Weather conditions on six dive days
prevented TRANSQUEST from recovering DEEP
QUEST at the SEACON I site; the submersible had to
be towed or travel under its own power toward Santa
Barbara so that it could be retrieved.

Unlike CURV Il and TELEPR OBE, most of the
information gathered by DEEP QUEST was read by
the four men (pilot, navigator, and two observers) in
the submersible. Only sabmersible position was
monitored tepside with an over-the-side hydrophone
which received signals from a 37-kHz pinger on the
submersible. The position of the surface vessel was
determined by LORAC. A two transponder
navigation net allowed the DEEP QUEST to monitor
its own position relative to established points on the
seafloor using CTFM sonar. With this navigation
system survey grids were run and data were taken at
points of known relative position.

The DEEP QUEST was equipped with many site
survey devices. Television was unnecessary because
the observers were on site, but records were made
using two 35-mm and two 70-mm cameras and
strobes. Side-scan and subbottom profile sonar
systems were also on board. Instruments to record
oceanographic parameters included a water sensor
pod, which displayed and recorded temperature,
salinity, sound velocity, and depth; an ambient light
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Figure 2.3.5. Seafloor at SEACON 1 site viewed
from DEEP QUEST.

meter; a light transmissometer which measured water

clarity; dissolved oxygen sensor; and a current
velocity meter. Although bad weather, poor visibility,
and equipment failures plagued this operation, the
flexible survey team obtained valuable data and
demonstrated the unique capability of manned
submersible surveying.

Figure 2.3.5 is one of the 3,600 photographs
taken at SEACON [ by the 35-mm cameras that were
operated on dives 3, 4, and 5. The 70-mm cameras
were operated only on dive 2. These photographs and
observations revealed abundant animal life: brown
and pink sea urchins, 2 to 3 inches across; orange and
red sea cucumbers; pens; white anemones 1 to 2 feet
high; 3-to 4-inch-long shrimp; and fish including
eel-like fish (2 to 3 inches long), members of the
Plaice family (2 to 6 inches long), bastoides (4 to §
inches), dark gray and white rat-tailed sharks (1 to
1-1/2 feet), and smaller red and white fish resembling
Bahamian squirrel fish which burrowed their tails into
the soft sediment. The salinity on the bottom was
determined to be 34.06 ©/oo; temperature, 8.5°C;
current, from the southeast at 0.05 to 0.1 knot; and
1,489.7 mps. Although the
transmissometer never functioned, the observed
visibility ranged from 3 to 12 feet on the bottom.
The ambient light measurements were quite

sound velocity,
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Figure 2.3.6. Svbbottom frace recorded by DEEP QUEST.

dependent on the hour of observation, but, in
general, it can be said that light extinction at
SEACON 1 was greater than that observed near San
Clemente Island with the same equipment.

The photographs revealed no natural
topographic relief greater than the tracks, burrows,
and mounds made by the animal life. The side-scan
sonar records showed very little except the 4-to
s-inch-deep skeg marks made by the submersible.
Data on sediment strength was expected from
photographs of concrete blocks placed at the site, but
unfortunately oblique photos were impossible, and
the downward shots could not show the amount of
settlement. It was observed, however, that the sample
foundation blocks which were not all level had settled
2 or 3 inches. The sediment, which was a light tan

clay with some silt, was easily disturbed by the
smallest organism, causing sediment clouds.

The subbottom records showed the soil to be
approximately 50 feet thick (Figure 2.3.6). The
50-foot reflector had no dip unconformity, but this is
expected in this Continental Slope province where
bedrock strata typically conform to the overlying
unconsolidated sediments. The differential pressure
device, necessary for proper photo-interpretation,
operated o'y on dives 2, 8, and 10. It was clear from
these observations of ti : seafloor that the SEACON 1
sit is composed of a planar surface of cohesive
sediments which are thick enough to undergo
long-term settlement.
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Fwure 3.1.1.

mooring buoys were then attached to the upper

chamn, and the shackles were welded shut

I'he moor was recovered with the CEL Warping

Fug on 10 April 1973 afrer nearly 3 vears of service

During that tuime the only maintenance required was

on the hghts. Inspection of the mooring hardware

fter recovery indicated legs 2 and 3 were very near

farlure
The 1-1

shghtly birdcaged near the middle

while leg 1 was in reasonably good condition
corroded and

Ihe 1-1/4-nch

at the buoy end of leg 3 was

4anch 6 x 19 wire was badly

6 x 19 wire eve sphice

badly corroded and fraved

DISCUSSION

During the SEACON 1 experiment, the CEI
warping tug, the USNS Gear, a YTM (CURV support
Rescarch
I'he

and
RUM

vessel),
Buoy

the Scripps Oceanographic

moored within this system usual

Navy Mark T-6 mooring buoy as oniginally installed at SEACON | site

mooring plnu'ciul’( wias to come up to one ot the
buovs. usually the west buoy, attach the stern line,
and then proceed beyond the center of the SEACON
I site; small boats would then take the remairing two
mooring lines to the southeast and northeast buoy
The only exception to this procedure was with the
USNS Gear, which moved with the bow to the west
buoy

I'he major problem with this moor was the
maintenance of the hights. Many trips had to be made
to the SEACON 1 site to replace batteries in the hights
or to replace the entire light which either had been
damaged or was completely missing. Approximately
10 months after deployment it was decided that
maintenance of lights could be improved if each light
were to be placed within a pad locked sheet metal
This was done, and the
stopped

was significantly

box on top of a 5-foot pole

damage from vandalism was and

deterioration from sea splash

reduced















Figure 3.2.1. Surtace equipment tor SEACON | ransponder navigation system.

PRINCIPLES OF OPERATION

Measurement of transducer -transponder range

s made by transmatting a 12-kHz omnidirectional
pulse, 10 1o 20 msec in length, from the transducer.
At the ume this pulse 1s initiated, a gate pulse is sent
to all three range indicators, resetting and restarting
the range indicator counters. Upon receipt of the
return pulses, cach surface recewver channel generates
a gate pulse which stops the counter in the
corresponding range indicator. A single transmit pulse
generates a single ommdirectional return pulse in each
transponder, 4 msec in length, and at one of the three
800 kHz, 912 kHz, or 10.40 kHz. The

receved pulses are separated by conventional filtering

frequencies

circuitry in the receiver umt.,
The

incandescent display. This range reading requires two

range 1s read n feet on a dignal
scparate corrections. The major correction is the
subtracting of a systematic turn-around error (16.75
feet) which is the same for each transponder. A minor

correction is the multiplying factor (close to unity)

which s the result of computing the average velocity
of sound over the one-way ray path. The sound
velocity switch on the front panel of each range
indicator 15 adjustable in increments of 50 fps from
4,800 fps o 5,100 fps. In general, the average
velocity over the ray path is different from any of the
sclectable velocity settings; hence, a correction factor
1s required that is based on temperaturesalinity-depth
data taken previously at the site. Both of these
corrections are handled by the computer program for
determining transponder positions.

OPTIMUM BASELINE LENGTH

Opumum baschine is that which maximizes the
precision of the ship position. An estimate of the
optimum baseline length was made by computing a
mathemancal relationship between baseline, b, and
the error, 0, associated with lateral ship position at
the

centroid of a two-dimensional transponder

network. A plot of o, versus b is shown in Figure
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Figure 3.3.1. CEL warping tug, the work platform

for SEACON | emplacement and recovery.

SEACON 1 site. This moor also stablized the warping
tug during the sea operation.

Cruise 1 ~ Foundation and Guideline
Emplacement

The foundation was transported to the site on
the deck of the warping tug under the bow A frame.
After the warping tug was spread-moored over the
site, its position was adjusted using a transponder
navigation system, which consisted of three seafloor
transponders and a surface hydrophone transducer.

The foundation was hifted from the deck and
eased into the water by a BU 140 winch (Figure
3.3.2). The winch has three drums and two capstans,
Due to the poor response of the winch, control of the
foundation was lost for a split second. The shock,
resulting when force was reapplied, damaged the
automatic emplacement frame for the settlement
monitoring mstrument. The damaged parts were
removed. The foundation was then successfully
lowered into the water and transferred to the lifting
sheave at the starboard side of the warping tug
(Figure 3.3.3). There were three lines attached to the
foundation: one 2-inch nylon braided rope as the
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main hft hne and two 1/2-inch wire ropes, on

opposite sides, as guidelines. The bow gudcline
the lift
transfer; it was untangled by divers. The foundation

became entangled with line during the
was then lowered to the seafloor with both guidelines
in tension. No further entanglement occurred. Before
the

the transponder

the seafloor, the position of
checked by
navigation system. After placement on the seafloor,

landing on
foundation was

the foundation’s mclination was checked. The main
lift line was then removed from the foundation by
activating a hard-wired electric release hook. The two
guidelines remained attached to the foundation
guideposts. A buoy with a spreader bar was installed
50 feet below the surface to support and tension the
guidelines (Figure 3.3 .4).

Cruise 11 — Hull Emplacement

I'hree months after the emplacement of the
foundation, the hull was ready for deplovment. It
was towed about 25 miles to the site. Two 8.4-ton
inflatable salvage pontoons were attached to the hull
to provide buoyancy in case of emergency. The
warping tug was positioned and moored over the
foundation (Figure 3.3.1). The hull was moored
between the warping tug and an auxiliary mooring
buoy about 800 feet from the tug. The guideline
buoy and both guidelines were retrieved to the deck.
After a complete check of the hull’s monitoring
systems, the hull ballast was flooded and eased to the
lowering position 50 feet under the support sheave.
At this position, divers passed guidelines through the
guide cones on the hull. The sea state was increasing;
there were 5-foot swells and 12-knot winds. The
operation with the hull suspended at the 50-foot
depth had consumed about 1 hour. At this point it
was found that the bow guideline had been passed
through the guide cone in the wrong direction.
Shortly thereafter, the outer braid of the nylon lift
line parted at the support sheave. A decision was
made to release the bow guideline and to lower the
hull
guideline. The hull was placed on top of the
further
misaligned 30 degrees in azimuth. The remaining

with the core braid along the remaining

foundation without incident, but was

guideline was secured to a small subsurface buoy 50

feet under the svrface. The lift line and the two



ourteen-fod

SEACON | data cables were supported under

the station B buoyv, which was spre id-moored 50 feet

l“ "Wer

5)

below surface (Figure 3.3

Cruise 1l = Hull Recovery

Ten months after the hull was deployed, a sea

cruise was made to recover the hull from the seafloor

A new lift line, a 1-1/84anch wire rope, had been
attached to the hull prior to the sea cruise. The stern
guideline had also been removed. After positioning

and spread-mooring the warping tug, the hft line was
rigged on the counterweight
3.3.6). An

was deployed about B0O feet from the starboard side

motion-compensation

system (Figure wuxihiary mooring buoy

83

square, 25.000-pound St

or emplacement

1s readic

ACON foundat

of the warping tug. The hull was successfully raised to

1 depth of B0 feer, where it was deballasted and
allowed to float to the surface while the auxiliary
buoy maintained a steady pull on the hull. The cruise

was concluded by towing the hull to Port Hueneme

EVALUATION OF LIFT SYSTEMS

Computer program LILIAN was used to
compute the line tensions based upon the measured
ship accelerations By comparing the computed

tensions with the measured tensions, the effectiveness
f computer program LILIAN as a design tool could

be evaluated. Also, small dynamic tensions would




Figure 3.3.3.

mdicate that the hift system design s adequate. The
i

guidehine system cvaluation was based on s

cliiectiveness as a }'_un!.lm ¢ svstem and us case of

handhng
Simple Lift System

Figure 3.3.7 shows the measured and calculated
dynamic tension traces when the SEACON 1 hull was
suspended at a depth of 50 feet. Although these two
traces do not match exactly due to the random
nature of the tension, the calculated peak tensions are
within 20% of the measured peak tensions. This error
is considered tolerable for the purpe
design. The dynamic tensions were considered high as

e of hft system

compared to the static weight of the payload.

84

Equipment setup on warping tug during foundation emplacement cruise.

However, the measured total line tension never
exceeded 30,000 pounds, which is only one-third of
the lift line’s breaking strength.

The effectiveness of the soft-spring lift system is
clearly demonstrated in Figure 3.3.8. The hull was
suspended 50 feet above the seafloor, near where the
danger of a hard landing on the concrete foundation
was of primary concern. The measured dynamic
2,000 The

peak-to-peak motion of the hull was estimated to be

tension was  only pounds. vertical
only 0.6 foot. The spring constant of the lift line was
shightly lower than the design value due to the
breakage of the outer braid. The nylon rope was
effective in reducing tension and motion when the

hull was near the foundation.



| i 134 we buoy reader bar assembly be ing lowered into water Guidelines
| eri were attached atrer assembily was 50 feet down

The parting of the outer brasded cover (Figures  heat generation, and fatgue, but not overstressing
3.3.9 and 3.3.10) occurred atrer the SEACON | hull After the hine was recovered during the hull reineval,
had been suspended under the warping tug ar the a visual examination was made to denutfy the cause
50-foot depth for about an hour. The rope was  of faillure. Based on this visual examination, 1t was
supported by a sheave 24 inches in diameter having a  concluded that the line tailed due to utorm
bell shaped groove 1-3/4 inches wide. The sheave ha distribution of load between the core outer
been hard-surfaced with chromium-nickle and this  braids. Frictional wear agamst the undersized sheave,
had partially chipped off. Since the lift line was a  and stress creep under long-term loading also
2-inch-diameter Samson 2-n-1 braided nylon rope, contributed to the tailure
the sheave groove was shghtly undersized. At the time It 18 hypothesized that the nonumiform stress

of the selection, 1t was expected that the rope would
deform under tension to conform with the steel

I'he hift line was powered by a double-drum
Based

possible sources of faillure are wear,

Proove

traction winch on consultation with several

specialists, the

t

distribution between the mner and outer brawds was

caused by shppage between the braids. Shppage
results because the hift line is reeled on/off the storage
drum by a traction winch which develops line pull by

fricion between the traction winch drums and the



Figure 3.3.5. Completed SEACON 1 installation,
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hull was suspended at 550 feet with nvion line

(peak dyvnamic tenston less than 2,500 Ibs)
Figure 3.3.10. Lower end of parted nylon rope.

Figure 3.3.8. Record of line tension obtained when
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dvnamic model for counterweight system.















Figure 3.4.1. Expenimental equipment test track
t '
fesigned for use on submerged, satur aited
sonls on the seatfloor
electrical hydrauhe winch. Fach of the other

i
il were mated afrer passing through the fixed sheave

sonents was individually spooled or stored, and

com

on the starboard side of the CEL warping tug. They

were taped and tied at about 12-foot intervals over

the entire length of the assembiy, just under 700 feet

Upon raising the test assembly, the CEL nggers
removed the ties before the bundic of hines was
brought over the sheave, While this required the

riggers 1o work over the side part nme, it did allow
orderly storage of the mdmidual lines and hoses in
their respective reels. This time-consuming process
was accomplished without incident

Because the warping tug was moored, 11 was
expected that the test unit could be landed almost
directly below. A limited amount of extra hydrauli
hose was available bevond the 600 feet necessary to

reach the bottom. Fven though the test assembly was

94

fairly heavy, its sail arca and that of the hose and line
bundle caused it to drift in the current in the water
With 670 of

assembly would just touch bottom. A position check

column about feet hine out, the test

with a three-transponder system showed that indeed
all the available scope was utilized in landing the unit
on the bottom. Once landed, the test unit was not
moved during the test run

During transit to the bottom, the test track was

'
and n had been planned to lower it o the

setting on a plywood platform at onc end of the test
frame
bottom without retention on the platform other than
gravity and friction. On the particular day of the test,
a brisk westerly wind created considerable surge and
some small breaking waves; it was clected to lash the

track to the platform during lowering through this

rough surface down to about 40 feet below the
surface, at which point it was cut loose by a diver
Just at the end of the test run, which was

limited by the length of the track guiding the drag,
both channels of information failed. Although the
television camera was working, water had entered the
housing for the pan and tilt motors before 1 touched
bottom, so the track and its operation could not be
observed. When the track was operated, a great deal
of fine debris was thrown up into the current, and
essentially nothing could be seen except this debris
drifting by. The failure of the pan and uilt prevented
observation of the track, but it did not interfere with
the taking of test data

Following the test run, the track was operated
long enough to return it to the wood platform tor
raising. It could not be determined whether the track
returned to the platform and fell off shorty after
lifing started (which seems probable), or did not
return to the platform. There was mud in the front
sprocket and the track was suspended from the
towing cable when retrieved

One other problem which, while anticipated,
was not fully appreciated, was an increase in line
Ihe

of

pressure loss in hydraulic lines due to cooling
1,400

3/4-inch line was about 40% higher than anticipated,

actual Iincrease In pressurc loss in feet

indicating a lower average temperature of the water

column. The hydraulic power unit capacity was far

greater than required (both in pressure/capability and

volume) so that the operation was not hindered

Without this excess capacity, the operation of the



track would have been marginal or unsatistactory.

This would indcate need for precise temperature

information for decp of hydraulic

oper ition
cquipment with margina
I he

track

motor and pump capacities

operation of the hyvdraulic motors in the test

on the other hand, was undoubtedly enhanced

by the increased

(Militany

viscosity, as the hghoweght ol

Specification 56068) somewhat  less

was
hat

highter thar

ed

viscous and v the industrial oils normally

recommen for this tvpe of motor,

CONCLUSIONS

wdequate but marginal

have occurred

From an operational standpoint the tests were

in that tadure could casih

View of equipment test track showing hyvdraulic dvnamometer

»

With the exception of observation of the wack,

the data acquisition was adequate

3. With minor modifications the system as lowered
could be made capable of repeated test runs without

raising the unit to the surface

4

large number of hoses, lines, and ele-trical cables, was

The handling system, which mvolved pairning a
adequate and cost effective; a system combining the
many parts in a single cable capable of spooling and

paving out through a sheave would be very expensive.

5. The hydrauhic system unhzed, while mnvolving
heavy hoses, was very reliable; all the faillures incurred
in the resting were clectrical. The efficacy of using
hydraulic power to a depth of 600 feet 15 well

demonstrated in these tests.
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Figure 4.1.2. Lowering explosive salvage anchor.

Vibratory anchor is deployed by support vessel.

Figure 4.1.1.










































OBJECTIVE

I'he objective of the test was to determine the
strain behavior and watertight integrity of a concrete

pressure-resistant structurs under long-term

hydrostatic loading. Other secondary objectives were

to advance the state of technology in hull

penctraions and joining of concrete structural

members with epoxy adhesive

Figure 4.3.1.

INTRODUCTION
The use of con ¢ as 2 istruction material

for deep-ocean, pressure-resistant s res
originated at CEL in 1964 [4.3.1]. Since that time,
experimental studies have generated a considerable
of

structures, The SEACON 1 experiment offered the

amount technology on undersea concrete

opportunity to design, fabricate, and test a

prototype-size reinforced concrete cylindrical

structure (Figure 4.3.1).

SEACON, cvhindrical concrete structure with 10.1-foot outside diameter. 20-foot

overall length, and 9.5-inch wall thickness.

Preceding page blank
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Figure 4.3.2. Lowering hemispherical end closure for bonding to cylinder with epoxy adhesive.

DESCRIPTION OF SEACON

The cylindrical structure was assembled from
The
outside

wforced concrete  sections.

10.1

diameter by 10 feet in length by 9.5 inches in wall

three precast, r

straight cylinder section, feet in
thickness. was fabricated by United Concrete Pipe
Corporation. The concrete hemisphere end-closures,
10.1 feet in outside diameter by 9.5 inches in wall
thickness, were fabricated in-house. Tolerances on the
sections conformed to concrete pipe standards of not
to exceed *3/4 inch for the inside diameter or minus
1/2 inch for the wall thickness.

Steel reinforcement in the amount of 0.70% by
area was used in both the axial and hoop direction for
resisting and

temperature handling stresses.

Reinforcing bars of 5/8-inch diamerer were employed

throughout the strucrure. A double circular

reinforcement cage was fabricated for each precast
section; the concrete on the outside and inside
reinforcing cage was 1 inch thick. For the cylinder
section, hoop rebars had a center-to-center spacing of
6 inches and axial rebars a spacing of 27-1/4 and
31-1/4

respectively,

inches for the inside and outside cages,

The hemispherical end-closures were bonded to
the cylinder section with an epoxy adhesive [4.3.2],
no other attachment besides the epoxy bond was
employed (Figure 4.3.2). The gap between the mating
surfaces of the hemisphere and the cylinder was less
than 1/8

however, the gap was as great as 1/2 inch for certain

inch for over 75% of the contact area:

124



.~ |.:.' - -*' " ¥

Figure 4.3.3. Hatch penetrator (top) and hull
penetrator in hemisphere.

localized areas. Prior to epoxy bonding, the concrete
surfaces were prepared by sandblasting and washing
with acetone.

A large hull penetration, major diameter of

50-1/4 inches and minor diameter of 42-3/8 inches,
was located at the apex of each hemisphere. This size
of penetration was equivalent to 40% of the
hemisphere diameter. The design philosophy for the
penctrator was to make the penetrator stiffer than
the concrete material it replaced so that the
hemisphere was “unaware” of the large hole [4.3.3].
The steel penetrator (Figure 4.3.3) was epoxy bonded
to the concrete using the surface preparation method
described above for the joint. Six smaller
penetrations, major diameter of 6 inches and minor
diameter of 5 inches, were included in one of the
hemispheres; these penetrations were part of a seals
and gasket study discussed in a later section. Two

small penetrations, major diameter of 4.5 inches and
minor diameter of 4.0 inches, were also included near
the center of the cylinder section to accommodate
pressure relief valves.

The the

coated wi.h an epoxy waterproofing system.” After

exterior of concrete structure was
lightly sandblasting the concrete, an epoxy prnimer
and topcoat (phenoline No. 300) were sprayed onto
the concrete and each coating was dabbed with a
brush to coat the recessed air pockets. Many air
pockets were not coated so that approximately one
pin hole per 2 square inches existed in the final
waterproof coating.

The concrete structure was instrumented with a
total of 40
monitor hull response under long-term loading. Half

electrical resistance strain gages 1o
of the gages were placed diametrically opposed to
cach other on the structure. The data were stored on
magnetic tape inside the structure and were recovered
when the structure was retrieved. At approximately
2-month intervals the data were interrogated from a
surface ship.

The concrete material for the cylinder portion
of the structure consisted of portland cement type 11,
sand, and coarse aggregate in the proportions of 1.0
to 1.4 to 2.5 by The
water-to-cement ratio was 0.40 by weight, and a

weight, respectively.

water-reducing admixture was used; the slump was
1-1/4 inches. The average compressive strength at 28
days was 7,800 psi. A mix design of different
proportions was used for the hemispheres; the
cement-to-sand-to-coarse-aggregate ratio was 1.0 to
1.95 to 2.3 by weight, the water-to-cement ratio was
0.38 by weight, and a water-reducing admixture was
used. The slump was also 1-1/4 inches. The average
compressive strength at 28 days was 8,170 psi.

RESULTS AND ANALYSIS
Concrete Compressive Strength

The compressive strength of the concrete was
obtained from uniaxiai compressive tests on
6 x 12-inch cylinders. Figure 4.3.4 shows the
compressive strength as a function of age of the
concrete. The structure was on the seafloor between
the ages of 294 and 608 days.

* A limited evaluation study was performed on cight off-the-shelf epoxies to determine their relative ability

to retard water absorption by concrete under hydrostatic load and to resist abrasion.
























Figure 4.4.2. SEACON window fouling prevention system — external view

Figure 4.4.3. SEACON window fouling prevention system — internal view,



Figure 4.4.4

Lift bag inflation system

solenoid valve package.
RESULTS
Fouling Prevention

During the 10-1/2 months that SEACON 1 was
emplaced, the window wiper cover assembly was
opened 10 times, Each time the visibility through the
window was excellent. The first time that the window
cover was raised after submergence, the antitouling
dispensing capsule fell to the seafloor. Therefore, no
results were obtained for phase 1, w hich involved the
mechanical wiper and the chemical antifouling agent.
The

brush for 2 minutes every 8 hours worked throughout

automatic feature which acruated the wiper

the entire mission. In addition, the window was

wiped on command during the inspection Cruises.

two 300-scf air bottles with pressure regulator and

During the 4 February 1972 inspection, the window

cover closed unexpectedly. During SEACON 1
recovery, it was found that the fiberglass shroud
which constrained the buoyancy bag had failed,

leading to explosion of the buoyancy bag.

Final inspection of the window showed that

several groups of branchlike colonies of hydroids

(Endentrium californicum), 1/2 inch long, were

found attached to the surface of the acryhc window
at the upper edge. None was found on the area of the
window which had been cleaned periodically by the
mechanical slime

wiper. A thin layer of primary

growth together with fine silt also coated the

unwiped perimeter of the window. The action of the
wiper apparently prevented the spread of hydroids

and a slime buildup from occurring on the wiped
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Figure 4.4.5. Scratches caused by window brush.

portion of the window. The wiper did introduce fine
scratches onto the surface of the window (Figure
4.4.5). The scratches did not adversely atfect the
visibility through the window since they were in
contact with water. No fogging was observed during
the time that SEACON 1 was on the bottom.

Acrylic Window Strain Data

The strain data for the spherical acrylic window
are presented in Figure 4.4.6. The meridional and
hoop strains near the window apex, Figure 4.4.6a,
agree te within 15% of the average value at a given
time. The magnitude of strain computed using Lame’s
thick spherical shell theory is within 27% of all the
measured strains at the apex during the first days of

submergence; however, it is just 12% less than the
average value of the measured strains for the same
time period. The computed value was obtained using
an clastic modulus equal to 450,000 psi, a Poisson’s
ratio equal to 0.35, and a pressure of 267 psi (depth,
600 feet). The computed strain corresponds to a
stress in the acrylic equal to 1,115 psi, which is well
within the material’s strength capability. As shown in
Figure 4.4.0¢, the average meridional strain near the
window-flange interface is approximately twice as
great as the corresponding hoop strain, which is
approximately equal to the meridional and hoop
strains near the apex. Using the elastic modulus and
Poisson’s ratio noted “previously, the strains at the
interface correspond to meridional and hoop stresses
equal to 2,060 psiand 1,510 psi, respectively. Similar
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Figure 45.7.

Carbon steel penctrator plug and

pressure relief valve after exposure.

extending to the outermost O-ring seal was noted.
Only hght eiching of the surfaces underlying these
stains was noted after cleaning. Upon removal of the
O-ring seals, the O-ning grooves were found to be free
from corrosion. The O-rings retained their original
and hardness

size, shape, Upon removal of the

electrical connector from the penetrator plug, no

corrosion was noted on inside surfaces of the
connector or plug.
Nickel-Molybdenum-Chromium Alloy “C”

Penctrator. The surfaces of the plug and sleeve

exposed on the outside of the structure were

uncorroded. When viewed from the mside of the
structure, voluminous white corrosion products were
noted covering the plug and lower portions of the
sleeve. The sleeve was also partially filled with saline
water.

Upon removal of the plug from the sleeve, it was
found that the aluminum rod used to retain the plug
in the sleeve was severely corroded. However, the
plug and sleeve were found to be free from attack.
The corrosion of the aluminum rod which produced
the voluminous white corrosion products was due to
the partial filling of the interior of the sleeve with a

mixture of condensate water and seawater from a

Figure 4.5.8. Nickel-chromium-molybdenum alloy
625 penetrator plug and sump-pump check

valve after exposure.

leak in the penetrator assembly located above 1. No
evidence of leakage of this penetrator was noted.
Upon removal of the O-ing seals the O-ring grooves
were free from comosion, and the O-rings had
retained their original size, shape, and hardness.

Nickel-Chromium-Molybdenum Alloy 625
Penctrator. The surfaces of the plug and sleeve
exposed on the outside of the structure were free of
When the

Liucture, however, the lower portion of the sleeve

rosion. viewed from the inside of
and the aluminum alloy retaining ring were covered
with voluminous white corrosion products which
were found to contain considerable chloride ion. The
lower surface of the insulating nylon-lined fitting
used to connect the sump-pump discharge line to the
check valve was corroded.

Upon disconnecting the sump-pump discharge
line, the penetrator was removed from the sleeve. As
shown in Figure 4.5.8, no corrosion of the plug or
sleeve was noted upon removal of the white corrosion
products. However, upon removal of the nylon-lined
coupling from the check valve, damage of the nylon
threads was noted. The leakage which had occurred at
this penetrator was due to a fault in the check valve
and damage to the nylon-lined coupling. No evidence
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Pamt bhistening on steel structure

Figure 4.6.1
upon recovery,

Fhe hatch seat and hatch were fabricated from

carbon steel and pamnted. There were many areas of
pamt tailure on the hatch seat. These were primarily
ocated on the outside peniphery of the scat where
the pamnt coating was thin, The steel at these areas of
paint fadure was covored with a thin film of red rust
but was not significant!y corroded. There were several
clectrical penetrators in the hateh seat. There was rust
biceding from the crevices between these nonmetallic

penctrators and the hatch seat, as shown in Figure

4.6.2. The surfaces of the holes in the hatch seat
which accommodated these penctrators  were
unpamnted. One penctrator was removed, and the

corrosion of the hatch seat which had resulted in the
rust bleeding was not severe and extended only into
the area of the penctrator O-ring scal.

I'he chromium-plated hatch hinge was covered
with a loosely adherent tilm of flaky red rust in mam
arcas, as shown mn Figure 4.6.3. In these arcas the
chrommm plating had failed completely and was
gone. At the edges of these arcas of complete failure
there was undercutting of the plating due 1o
accelerated corrosion of the underlving steel, There
was a loss of approximately 0.01 inch of material
from the surfaces of arcas of complete plating failure.

The hatch-locking hand wheel was uncorroded.
I'he anode attached to the hand-wheel

Zing was

Figure 4.6.2. Rust bleeding at electrical penetrators

in hatch seat.

completely consumed. Upon extended exposure to
the atmosphere after recovery the hand-wheel showed
some rust stamming indicating that the attached zinc
anode was effective in preventing corrosion of the
hand-wheel over a major portion of its immersed
exposure.

The

unpainted. There was a thin film of red rust on these

hatch-to-hatch-seat mating surfaces were
surfaces inward up 1o the outermost O-ring seal. The
amount ot corrosion associated with this rusting was
mimmal. No undercutting of the O-ring seal at either
the seal seat or in the O-ring groove was noted.

I'he

unatfected by

inside of the structure was virtually

its exposure except in three areas.
There was a large amount of white, saline, corrosion
products at the sump-pump check valve penetrator.
This was a result of a combined failure of the check
valve and an insulating nylon coupling utilized 1o
prevent galvanic corrosion between the check valve
and sump-pump plumbing. The smail amount of
scawater leakage at this point had resulted in the
corrosion of the aluminum penetrator retaining plate.
The retaining system of the through-hull penetrator
below had also been damaged by water from this
leak. Another through-hull

system was damaged by condensate water which had

penctrator  retaining
collected in the penetrator. This damage is covered in
detail in the Through-Hull Penctrator seet‘on of this
report.
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Figure 4.6.3. Failure of chromium plating on

hatch hinge.
Ballast Svstem, Including Control

Valves and Lowering Cable Guides

The tank

from mild steel and was painted after fabrication. The

main ballast system was fabnicated

paint on these surfaces was, like the paint on the

hull-supporting structure, blistered upon recovery.
I'hese blisters did not cover any significant corrosion.
at welds and ar areas of mechanical

Paint failures

damage were associated with light rusting, but no
significant corrosion of the underlying structure had
occurred.

I'he bronze ballast control valves were
uncorroded upon recovery (Figure 4.6.4). However,
after recovery, a thin film of green corrosion products
formed on these valves. This indicated that the valves
received cathodic protection from the surrounding
steel structure. This galvanic relationship was further
confirmed by the accelerated corrosion of the steel
and zinc handles attached to the valves. The ballast
tank relief valves, fabricated from carbon steel, were
covered with a moderately thick layver of red rust
valves was

I'he

upon recovery. Light corrosion of the

evident upon removal of this rust valves,

however, were operational.
The paint coating on the inside of the lowering

cable guides attached to the ballast tank was, as

Figure 4.6.4. Condition of bronze ballast control

valve after recovery.

expected, severely damaged. A thin layer of flaky red

rust covered these surfaces, but no significant

corrosion had occ urred.

External Electrical Systems, Including
Battery Box and Lights

I'he cxternal cabling was attached 1o the
structure utilizing cadmium-plated steel hardware.
I'he cadmium plating had corroded away, and the
steel hardware was covered with a thin film of red
rust upon recovery. However, the hardware was not
significantly corroded, and no corrosion related
failures were noted.

The painted steel battery box was, like many
other painted steel components, covered with blisters
upon recovery. This blistering did not result in any
significant corrosion of the underlying steel. The
nuts 1o the

hd

However, signs of incipient crevice COrrosion were

stainless steel and bolts used secure

battery box were not significantly corroded.
noted on some of these fasteners.

The external lights attached to the structure
near the spherical window were fabricated in part
from painted aluminum alloy. The paint coating had
not protected the aluminum, and pitting attack up to
1/8 inch deep was measured on these components at

the areas of paint failure.












Figure 4.7.1.

Sharp edges of barnacle shell, cutting

through and hfung paint coating on sub
surface buov,
Antifouling Concrete Panels. When recovered

¢ pancls were tree of marine growth of

any kind

The surfaces of the pancls were covered with a thin

creosote oil which had oozed out from the

intenior of the concrete, Except for some scattered

hydrowd growth, the control block (2 x 3 x 3-foot

]

ock) was also free of marine owth., The goose

barnacles which were found on this mooring block

during the first exposure test were not present during
£ t ¢ {2

is exposure period

Acrylic Plastic (Plexiglas) Panel. Only a trace of

hydroad growth was found on the panel. The surface

of this 1/4anch-thick, clear, transparent plastic was

covered with a thin laver of fine st and also with

primary shme film composed of microorganisms. The

visibility  through the plastic was considered fair

(Figure 4.7.3). Other vaneties of fouling organisms,

such as barnacles, mussels, brvozoans, and

tubeworms, normally found attached to submerged

materials at the surface of the sea were not found
attached to the plastic test panel,
Wood Panel. Six deep-sea molluscan wood

borers, Xylophaga wasbimgtona, were found inside a
1/4 x 4 x 12-inch untreated fir panel. The shells of
the largest borer measured about 1/4 inch in diameter

and had penctrated over 1 inch deep into the wood

Figure 4.7.2.
(o

Rotor of current meter, showing

touling by hydroids and barnacles at
depth of 50 feet

Numerous small amphipods (crustaceans) and annelid
worms were found on the surface of the Douglas fir

pancl

Third Exposure Test (September, 1971, to
February, 1972)
materals (30

Over 20 kinds of

individual specimens) were evaluated for fouling and

different
biodeterioration. The general condition of some of
the test specimens soon after being recovered from

the sea s shown in Figure 4.7.4.

Antifouling Concrete Panels. The anufouling
concrete test panels were free of fouling attachment.
The surface of the treated panels became heavily

coated with creosote o1l shortly  after recovery

(Figure 4.7.5). The o1l had expanded and oozed out
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data on Sl

Instruments providing

Vit

prossure,

amporage,

the system commands which were controlled

from the surface were: mternal hghts, external hights,

scrubber, TV

detogger, and hit bag

sump pump operation, window data

wguisition  system, window

lation solenod. In the data acquisition

SVsIem

was umed to interrogate once cach 8 hours

and record all ywuts. The window scrubber was
timed to operate 2 minutes cach 8 hours.

Al sensor mformatnion and commands were
telemetered using the clectromechanical cable
lesceribed above. Upon command, the dawa
icquisition svstem dJdisplaved channel data

sequentially on a digital readout. This information

was then manually recorded at the surface

ACON'S intern

structure ult, temperature, and relative humidity).

environmental conditions. (1 internal

I'he television was placed to allow visual display
|

ot the relative humidity, battery voltage and

amperage, temperature, internal pressure, and

structure tilt (see Figure 5.1.1).
Data Acquisition System

I'he data acquisimion system, manufactured by

the Montedaro Corporation, consisted of 1wo

complete self-contained, independent data acquisition
svstems; cach could measure and record 30 channels
of information. Kach system was enclosed in a
watertight pressure housing capable of withstanding a

mimmum of 400 ps;



Figure 5.1.2. Topside television and telemetry

control console.

bulkhead

maintain watertight

1 g h-pressure CONNectors  were

required 1o integrity in the
instrumentation package. Care was saken in selecting

bulkhead

materials, Should the concrete structure have leaked

compatible housing and connector

the instrumentation package would have been
surrounded by salt water and dissimilar metals would
have caused corrosion. 1t was of vital importance 1o
wlect connectors with an externally molded pigtail
assembly. This eliminated clectr cal leakage problems
inherent in mating pin-lype connectors.

The power requirements were for scparately
regulaied battery supplies; one for bridge excitation,
the other to provide all other power requirements.
Battery packs were arranged in sections so that diode
isolation could be employed to insure that failure of
one section would not drain the others. Battery
power was provided to operate the equipment for 1

year.

Television System

The television system consisted of a KinTel
Model 20720 television camera and a topside control
console (Figure 5.1.2). The topside remote control
and monitor included electronic focus, sensitivity,
beam, optical focus, zoom, and iris. A single coaxial
cable (RG 8A/U) was used for both control and video
signals. The telemetry signals were frequency
muitiplexed. The system used solid state circunry
throughout with the exception of the TV camera
vidicon and video amplifier, and the TV monitor. The
camera was supplied 11 5-VAC power from the power
distribution relay housing.

The camera was set in the structure in such a
position as to view the entire front hemisphere. The
soom had a maximum serting for view of the stramn
gage on the front window. The television operated
with no mishaps during the year.

All contro! and switching circuits were installed
in a watertight housing and mounted on the structure
floor. These circuits allowed the selection of both the
data retrieval channels from the

command and

surface. The components were mounted as shown

Figure 5.1.3.

CONCLUSIONS

All and electronics and

subsystems operated without failure* during the

electrical systems
1-vear test period with the exception of the external
hydroblaze lamp, which was broken during implant.
“This shows that when a definite objective is defined,
reliable electronics and electrical systems can be
designed, fabricated, and deployed in the ocean for

extended periods of ume.

* The Foundation Monitor failed due to a bad solder joint inside the instrument canister. The

Foundation Monitor was not considered part of the electrical system tested in this section,
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Internal component mounting and data acquisition system

Figure 5.1.3.






















Pressure-equah

transtormer

] hole was filled with a shding dummy piston
made of glass-tilled Tetlon, This piston was doubl

O-ning scaled near the outer end, and the piston was

spring-loaded and pressure-compensated via a small

orlfilled chamber behind This provided for

exclusion of seawater from the interior when the

connectors were unmated,

During matimg the two halves were held in

ahignment by two |

halt

T ;H-'}('\ll!);' surtaces trom the

male which acted as a guide cradle. The wo

halves were pulled together by a large single-throw

lever hinkage and as the male pins entered the female
cavities they displaced the dummy pistons. The male

pins were wiped clean of scawater by the two O-rings.

EXPERIMENT DESCRIPTION

I'he and cabk

developed under the DOT connector program were

connectors penctratonrs,

used in fabricating a power transmission cable system
SEACON 1

submerged buoy (Station §) as shown in Figure 5.2.4

for use between the structure and the

The system was first \uhjn!n! 1o a 60-1foot xi('plh‘

150-kw, 3-hour submersion test and then was

I'he

cable system was used to penedically power various

\lt';‘it-u-' it sea with the SEACON | structure

underwater equipment stems mounted on  the
strudcture

I he

connectors. The ¢a

cable svstem mcluded both wet and dn

e was termunated at the mamn

transtformer box (Figaure 5.2.5) on the structure base

and was led to a dry connector mounted on the hatch

1s st

'n fastened at intervals 1o the

end of the structure wwn in Figure 5.2.6. The

)
cable was th telemetny

cable and 4 7/8-inch polypropylenc hift hine and then

led to a4 subsurtace buov (Statton S). The cable

svstem was termnated at the apper (source) end in a

female connector and was attached to the

buoa

wet
submerged

Periodcally 2 support ship would anchor over
the buoy, using the three-point mooring syvstem. With
diver-sided methods shown in Figure 5.2.7, a power

cable trom the ship terminating in a2 male wet
connector was connected to the submerged female
\Mter

integrity of

wet connector on the buoy resistance and

ensured the circun,

Ihe

system composed of  otf-the-shelt

continuity  checks

power was  applied low-voltage power and

telemetry cable

components was installed 1o power the structure in

the event of a high-voltage connector tailure.
the SEACON |

with the

At the conclusion of test the

cable system was  rawsed structure  and

examined tor corrosion and detenoration. Data from

this examination and from the operational

performance of the system were cvaluated to

determine (1) satisfaction of the orgmal DOT design

objectives, and (2) need for further improvement.
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Figure 5.2.6. Dry connector installed on SEACON

structure.

DISCUSSION
Six-Hundred-Foot Loop Test

Severe failures occurred during initial connector
tests at the 6,000-foot depth, and further tests were
required before deciding 10 include the high-power
connectors and cable on the SEACON system. Plans
were made to make a loop test to the SEACON |
depth, 600 feet. To facilitate testing at 600 feet, CEL
had the connectors delivered with two cable systems
already assembled. Each was about 600 feet in length,
and one system (for SEACON 1) had a wet female
half on onc end and a dry male half on the other end.
The other cable had a dry female and a wet male.
With this arrangement one matching pair could be
mated and suspended at 600 feer from the support
vessel and power could be apphed through the other
ends at the surface. The upper ends were then wired
to the transformers leading to the generator and load
bank. The entire system was designed to apply full
half power (4,160 VAC
150 kws) through the

voltage and about

phasc-to-phase and
connector/cable system.

Three cruises were made 1o test the connectors,
one with the dry connector submerged, one with the
wet connector submerged, and one to test the
SEACON | transformer system. Power was applied
for about 3 hours cach ume, and all the tests were

successful.

SEACON 1 Installation

with these

continuing

The

connectors

major at-sea experiment

called for a year-lorg
operational demonstration in 600 feet of water with
the SEACON structure. SEACON was towed 26 miles
from Port Hueneme Harbor to the installation site. A
750-foot reel of high voltage cable with conneciors
attached was also towed behind the structure. At the
site, the cabie reel was recovered from the water and
placed on the deck of the warping tug as shown in
Figure 5.2.8. The structure then was lowered to its
foundation, and at the same time the cables were
payed out over the bow as shown in Figure 5.2.9.
Within 2 few hours the cables were suspended
between the cylinder and a float located 50 feet
below the surface. The installation of the structure
and associated cable systems was successful, and after
an initial drop in insulation resistance the system
steadied at about 70 ks and remained the same
during the year of submergence.

Structure Powering Tests

About every 2 months the SEACON 1 site was
visited for a powering-up and monitoring exercise to
determine the long-term reliability and performance
of the systems. Once the CEL warping tug was in the
moor, divers would swim to Station S and make
preparations to recover the cables suspended from
Station S. The warping tug winch and deck crane
were used to hift the buoy and cables aboard, which
required about 1 hour to complete. After removing
the protective boat from the wet female connector,
electrical insulation measurements were made of the
entire transmission system before any power was
applied. 1t was usually necessary to flush the oil
compensation system to assure that any seawater
contamination that leaked through the connector pin
scal was removed from the high-voltage contact areas.
This was accomplished by pumping oil into the
connector system while depressing the dummy
pistons to vent oil past the O-ring seals.

Other than the low (70 k£2) insulation resistance
found in the transmission system following its
the SEACON
structure, the system performed as originally planned.

installation and connection with

In general, the structure equipment paformed
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Figure 5.2.8. Handling high-voltage cable on support vessel

Figure 5.2.9. Paving out cable during SEACON 1 installation.

187
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volla svsiem n powcercd
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voltage
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is better with the low-loss

ol 1PC sVstem,
Mating Wet Connectors by Divers

Lhe structure powering test described  above

demonstrated the need 1o develop a capabaluny 1o

mate the wet connectors underwater by divers. 1 the

connector could be mated underwater 1 would no
longer be necessary for the warping tug to complete a
three-pomnt moor and then recover the connector by
winch and crane. Approximately 6 hours can be saved
in a powering exercise with an underwater mating,
ind a small craft can be substiuted for a large ship

with a winch and crane.

wndhng during St

ACON | recovery

\ gui

designed, |

¢ cone and positioning gear assembly was

wated, and toested to provide an casy

ind  rehable  capabibty  for divers 1o mate  the

connectors. The gear svstem enabled the dwers 1o

rotate the male connector and to crank the halves

together while the cone held them in alignment. As
shown in Figure 5.2.7, the basi

concept was to

mount the cone on the female in a vertical posiion

ACON |
i

I'he male halt was then lowered from

and attach the assembly to the submerged S
Station S buoy

the surface. A vanablebuovancey iift device was

ittached 1o the male halt to provide a cable catenany

ind basic lift support tor the connector

The male connector was successfully mated

underwater by divers, in a relatively strong current

(.75 1o 1.0 knot). The syvstem checked-out

clectnically, and the SEACON structure was powered

through the just mated wet connector and the dny
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