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METRIC CONVERSION TABLE E
(International System of Units) i
]
1foort . = 0.3 meter (m) :
linch = 2.5 centimeter (cm) b
1 kip = 4,448.2 Newton (N) !
| 1 knot = 0.5 meter per second (m/s) 3
; 1 mile = 1.6 kilometer (km) 3
> ¥ 1 pound = 0.4 kilogram (kg)
; } 1psi = 6.9 kilopascal (kPs) k
. 1 slug/fed = 515.4 kilogram per meter3 (kg/m3) B 1
-E‘ 1 ton = 907.2 kilogram (kg) ’ 3
\ Temperature, °C = (OF - 32)/1.8 1
P @ k
3 i
4
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CHAPTER 1

INTRODUCTION

OB)ECTIVE

The Navy Seafloor Construction Experiment
(SEACON) program supports the Navy's requirement
for the development and evaluation of technology for
vonstructing undersea installations. It is part of the
Deep Ocean Technology (DOT) Project sponsored by
the Navy Facilities Engincering Command (NAV-
FAQ).

SEACON 1 is the second in a series of major
undersea construction experiments managed by the
Navy's Civil Engincering Laboratory (CEL). The
primary goal of this experiment was the measurement
of a complea. three-dimeasional cable structure's
steady-stare response to ocean currents, and the use
of these measurements to validate analytical design
madels. .\ sccondary goal was to provide a demon-
stration and critical cvaluation of recent develop-
ments in o<can cngineering technology required to
sitc, design, implant, and operate large, fixed subsea
cable structures.

BACKGROUND

Multimoored cable structures are an cfficient
means for providing stabne platforms for 2 varicty of
imtruments in the deep vcean. Avtemprs nave been
made to anstall and cvaluate the engincering perfor-
mance of such structures on several occasions over
the past decade. fattle quanttative  structural
response data have been obtaned. During this same
perind numcrous analyncal models have been
developed to analyze the steady-state behavior of
moored cable systems. These models attempt to
predict the tensions in the cables and the geometny: of
the moonngs acted upon by steadystate ocean
currents. None of these models vicld exact solutions
because of the assumptions made regarding stuctural

— et e i kil TRt Tt s

propertics and hydrodynamic loading criteria and
because of the crrors inherent in the computational
techniques. Because little experimental data exist to
validate models, precise validation data are needed to
quanrify the crrors associated with the various tech-
niques {1-1].

APPRCACH

The SEACON Il structure (Figure 1-1) was
designed and built primarily to satisfy this need tor
data on the steady-state responsc of 2 complex cable
structure 10 ocean currents. A trimoor configuration
was sclected to provide a complex, statically
indeterminate structure for evaluating comprehensive
steady-state analytical models. One of the analytical
models was sclected for designing the structure and
for making predictions of the structure’s response to
the cxpected range of cutrents at the implant site.
The structure size and implan: depth were selzcted to
provide a challenging implant exercise and to allow
reliable extrapolation of the validation data to the
size of structure that might be designed for the
deepest locations in the occan. An instrumentation
system was designed 1o meet the structure's predicted
responsc and the level of validation desired.

The structure was built, installed, and maintained
in the occan for 22 months, from August 1974 to
May 1976, Dunng the implantment period current
profifes and corresponding structure response were
measured. The structure was then recovered to permit
visual exanmination of its condition and to perform
Tests on its components.,

This report desenibes the design of the swstem and
us implantment and performance. The results of the
STTUCtUrC’s responise to acean currentt are presented
along with a prechminary analysis of these revults
relative to analvtical predictions,
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CHAPTER 2

SITE INVESTIGATION

SECTION 1 ~ SITE CRITERIA

‘This chapter describes and evaluates the SEACON
It site sclection and investigation effort conducted by
CEL off the coast of Southern California. Prior to
conducting anv site sunvey aperations, a listing of
enticai environmental factors 12-1] was consulted,
and the following site criteria were estabhshed:

® Waser depth must be between 2,000 and 6,000
feet 1o wlow for the nstallation of 4 large
enough structure so that results can be
confidently extrapolated to structures in water
depths of 15000 1o 20,000 fect. This depth
range would also be sutficient 10 locate the
instrumented  “delta” below  the sone of
significant surface effects.

® Ocean currents must be as igh as 15 em/sec a
sigmificant period of the ume at 300 feet and
must reach down to the bottom. Maximum
currents at 500 fect and below should not
exceed SO em/see. Currents that change sigmifi-
cantly 0 magnitude and dircction are 2
requirement.

® The site must be within 40 mules of Pon
Hucneme to permit use of CEL's warping g
and diving boats to conduct the sea operitions,

® The site must have a relatnedy large arca (2-mile
diameter) oF nearly constant depth (£20 feet).

® The site must be located outside shippang lance,
submarine lanes, ranges, tranler fishing
grounds, or other locations with significant
operational constraints,

® [he ese should have a sea state less snan 3 more
than 50 of the time vear round.

® ‘The site must bave at leasr 50 teet of unconsol
dated sediment ¢mer 1o permat use of deep
ocian embedment archon with sediment
fluhos

SECTION 2 — SITE SURVEY

PRELIMINARY SURVEY

Five potential sites for a preliminary survey
operation were chosen from literature scarch and
tom US. Coast and Geodetic Survey bathymetric
vaants. The site criteria guidelines described above
weie applied to the extent possible in sclecting the
five sites of interest shown in Figure 2-1.

The preliminan site survey operation was con-
ducted from the T-AGOR 13, USNS Bartletr, a US.
Navy occanographic vessel. from 2 to 8 June 1972,
‘The survey consisted of (1) bottom core sampling, (2)
salimty, temperature, and dissolved oxygen profiling,
and (3) bottom and subbottom profiling. Current
measurements were not made during this crmse due
to lack of ship time and cquipment.

At the time of this cruise, a2 6,000-foot depth fer
the SEACON 11 site was favored in order to provide a
scrious  challenge to three-dimensionai array  con-
struction technology. Sites 1 and § in the Santa Crus,
and San Clemente Basin, respectively, were the only
o 6.000-foot sites aintially  considered. The San
Clemente Basin site did not nwet the 40-mile-from-
Port-Hucneme range requirement, but it was located
near the Navy facihity at San Clemente Island which
could be used as a base of operations.

in Seprember 1972 CRL and NAVEAC personnel
discussed SEACON N olyectives and site sclection in
iphit of revsed prorect goals. It was decided that
collecting performance data for vabdating anzivucal
models tor design of underwater cable arrays weuld
be the primany goal Arriy construction technology
dervelopment was a sccondan goal, which reduced the
need tor the evtr eost and ask of going te a depth of
6,000 fect with the expeniments of 2 smtable site at a
shallower depth could be tound. With this change
cmphasis, the three sites with depths ranging trom
about 2,000 10 3,000 fect  two south of Santa Crus
Isand and one i the Santa Monica basin - became

wrious conienders
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(use these data for plotting)

1. 33946'N, 119935'W
2. 330S¥'N, 119050'W
3. 33986'N\, 119V33'W
4. 33%37°N, 119V00'W
5. 32930°'N, 118°10'W
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t,\‘ Santa
77, Catalina v

sie §

Figure 2-1. Potential SEACON 11 sites sunveved dunng 2 to 8 June 1972 cruise.

Data taken at cach of these sites were examined
with the following resulis. The profiles from the two
Santa Crus Island locations showed ne flae. level siee
of sufficient size 1o mieet the enena. Howaver, the
Santa Momca Basin had very large. flat, nearly level
arcas with water depths ranging 10 3,000 fect.
Another tactor which weighed heavily in the
deasion-making was that both Santa Crus sland sites
were located within the Pacfic Missile Range. an
undesirable operational construnt A suitable Sanu
Monica Baun wite, howerer, could be found just
outside the range boundary.,

DETAILED SURVEY

Desprte mam tvorable tactors same unczsiness
cxisted reganding selection of the Santa Monea Basin
site. O greatest concern was that oo measured
aurrent data, exeept tor surface currents, were tound
w the Iiterature, Other sste entenia ceuld be com:
pronused, but 1o meet the reguisement that the
structure he displiced + signiticant amount, no
compronse conld be made i the required current

regime. Therefore, determining currents at the site
beeame first prionity in the site suney effort.

Occan Currents

Compiling information on ucean  currents
procecded simultancoushy on two frorts. The ONR
Liaison Offweer. Monterey, California. was requested
to provide CEL with ycar-round predicted currents at
the Santa Momca Basin site Concurrently, CRIL
began preparations to mahe curtent measurements at
the wte,

The foliowmg informaton [2-2] was recened
from the ONR Linson Gtficer for the location
33U050°N, 119V00'W an Late Oetober 1972

*“Fhe permanent current below 200 meter
depth s towards the nortiiwest vear
around. Dunng the summer. the average
speed saries between 15 and 18 Gm/see,
wvhereas m o the winter the sverage speed
s, n general, jess than 10 em see Inthus
lovanion the permanent currens reaches
near the bottom, but Jdecreases in the
very hottom Livers due 1o friction The
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mavimum  tudal currents are 9 to 12
em/see. Phe axis ot the udal current
cllipse 15 onented to 110 degrees to 280
degrees.”

this prediction mdicated the summer currents
would certuniy be of high enough magnstude and
would change sutfivently in magmtude and direction
o the udal currents add and subtract from the
permanent curtent to mect the siung specfications.
Fhe data tor the winter cunients were marginal, how-
cver when the permanent and tidal currents were
added. the resulung selocity just reached 15 em/see.

A curcent measurement cruise was conducted on
29 10 30 November 1972 aboard the USNS Bartlen.
The cruise had two phases to it collection of real
ume datt and mplantment of 2 turrent meter moor
First, 4 single-point moor (Figure 2-2) with a current
meter and a CCTD {current, conductivitiy, tempera-

3 tere, and depth) meter was 1o be mstalled 500 feet
3 below the surface. This was to be a taut moar with a
. subsurface buoy and a surface spar buoyv. When the
: t deploy ment was neardy completed. st was found that
> . the maor was about 150 teet too long, Since it would
e he ditticult to recoser the moor with the LS\S
1 Rartlerr, st was decnded to use the subsurface buoy as
3 asurtace float, colleet data for 2 or 3 days, and then
2N rweoner the moor with another vessel before the
3 surbiace buoy parted or was cut loose,

3 Unfortunately . toul weather delaved a recoven
E' l attempt until 8 davs atter implant, and. even then,

whate caps and S-to-6toot seas made an onganzed
warch patiern impesable, The surface buoy was not
tocated. The nest opportumity to search was 2 weeks
atter smplant. Atter an extensive search effort faled
to lovate the surface buoy. signals were transnutted
to trigger the evplosne release: no baoy surfaced.
Probabl, the buoy sunk or broke loose, resulting in
the moor Living on the bottom.

Due to the mmportance ot the data, the Deep
Submenible Vehide (DSV) Turtle was engaged trom
Subunersible Development Group One (SUBDE VGRU
1 10 search tor the moor. On 16 January 1973 DSV
Lartie done to the bottom, but detenorating weather

il et ves el Tl
-

tarced her return to the surtace without conducting a
search On @ Febraany 1973 DSV Turtle agan done,
and this tme it conducted a4 $-hour search, covening
the arca shown an Fyure 2-3. Mo moor was located.
and the search was abandoned.

T 2 - Py

wagarmme 3PAT bucy

38-n.-diam
subsurface buoy

r-—— 2.5-ton swivel

430 ft of 3/8-in.

$50 @1 y wire rope

s CUTTENT MCtCT

_...}_ 20 ft of 3/8-n,

wire rope

s CCTD mecter

2,320 frof
350 e 1/2-in. 2-i00-}
power braid

acoustic
- reicasw

[

£,200-1b steel clump

VK / . ~

bigure 2-2. Current meter moor for detailed
sife survey.,
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Thé sccond phase of this curr.:nt meter cruise on
29 to 30 November 1972 involred anchoring the
USNS Bartlett and lowering a seli-recording Hydro-
products Model 505 current meter and a Hydropro-
ducts current speed sensor (Figure 2-4) with a deck
readout to provide an immediate indication of
current profile for the arca. During one profiling the
currents ranged from a low of about 2 cm/sec to a
high of about 15 cm/scc (Figure 2-5). These data
were confirmed by the tape on the self-recording
‘meter after it was recovered.

The meager data coliected on this first curtent
meter crtise were insufficient to make a final site
selection decision. Instead, preparations began for
andther current meter cruise. This second implant
was made on ¢ May 1973 with two meters: onc at
550 fect, and the other at 1,050 feet in 2,890 feet of
water. Figure 2-6 shows the moor configuration.
Several significant changes were made in design and
procedures from the first moor. Most importantly,
backup: buoyancy was included so that failure of one
-buoy would not prevent recovery of the moor. Also,
the buoyancy clements were pressure-tested before
use. At the start of implant, the 2coustic anchor
release was’lowered with a dummy anchor at the site
and tested to insure it operated properly. A €inal
important difference from the first implant was the
implant vessel and hardware. The CEL Warping Tug
was used, and implant equipment was operated by
CEL riggers, which resulted in a smoothly run
implant opcration.

. Thi second implant was followed by two more

tha: differed’ oply in that four meters were installed
on the third moor-and three meters on the fourth
moor. These moors provided dara from 9 May 1973
through 13 September 1973, which covered the
period of highest expected currents.

Table 2-1-provides a summary of the four current
moor implaats. Although modifying the implant
techdiques after the first implant resulted in a perfect
recovery record for the next three moors, the data
recovery rate was low; only five of the nine meters
installed recorded good quality data. Fortunately,
however, dati were cofisistently obtained at approxi-
mately 500 feet, where the current would exert the
largest drag effect on the s*ructure. Figures 2-7, 2-8,
and 2-9 present the current data collected almost
continuously from May to September 1973 in the

P YT P

3/16-in.
hydrowire

50 ft of 1/2-in.
nylon strap

~

two-~conductor
clectrical cable
married to
lowering wire

3

Hydroproducts
model 505
current meter,
self-recording

\_‘

steel

clump 1

Hydroproducts
~l_ current speed

L

sensor with
deck readout

Figure 2-4. Equipment configuration for current
profiling.
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Figurc 2-5. Current profiling with direct-reading
current velocimeter.

500-foot vicinity. It is cvident from the velocity
histograms that, as the summer progresses, higher
velocity readings are more frequent. In late spring
only about 1% of the readings is over 0.3 knot (about
15 cm/sce). By late summer the velocity readings in
excess of 0.3 knot are up to about 10%, Note that as
morc higher currents become more frequent, the pre-
dominant direction shifts toward the north. This shift
appears to verify at least qualitatively the predicted
current data. As the permanent current increases in
velocity, its direction, which has a larger northerly
component than the tidal current, begins to dominate
the resultant dircction of the current.

‘The greatest significance of the data from the site
sclection and investigation standpoint was that
currents in excess of 15 cm/sec were found to oceur a
significant percentage of the time. The currents, as
predicted, reached decply. Readings taken at 1,050
feet showed the same velocity and dircction patterns
as those at 500 feet. The currents varied significantly
in velocity and dircction, decreasing to near zero at
times and changing dircction often as much as 120
degrees. Based on these results, it was decided that
the Santa Monica Basin site provided a suitable
current environment for the SEACON 1f experiment.

45-fr-long spar buoy

45 fe of 1/4-in. 6x19
IWRC strap

38-in.-diam aluminum
buoy, painted white and

yellow; 38-kHz pinger
/ atcached

L 3-ton swivel
449 ft of 1/4-in. 6x19
~=—— IWRC galvanized wire

rope

Geodyne current meter

494 ft of 1/4-in. 6x19
== |WRC galvanized wire

rope

~g== Geodyne current meter

l 1,770 ft of 1/4-in. 6x19
T IWRC galvanized wire rope

38-in.-diain aluminum
~&=~ backup buoy, painted
white and yellow

L 62 ft of 3/8-in. 6x19
T-——=IWRC galvanized wire
rope

transponder with
accustic release

waf—

3 ft of 3/8-in, 6x19 IWRC
galvanized wire rope

Figure 2-6. Modificd moor configuration with
backup buoyancy.
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Table 2-1. Summary of Current Moor Investigation at SEACON 11 Site

No. of
Moor Date Date No. of
l.ocation Meters Remarks
No. Installed Recovered | Meters \ v
Worked
1 33044°48"'N 29 Nov 72 2 Moor not recovered.
119903°18”W
2 33044°40”N 9 May 73 7 Jun73 2 2 Routine recovery,
11900323"W good quahity data
3 33944°29"N 7 Jun 73 3Jul73 4 2 Routine recovery,
119°03'00"W I wo bortowed
meters matfune-
toned, not Jdis-
corered unul data
, reduced, so
reinstalled
4 33044307N 3Jul 73 13Sep 73 3 1 Routine recoven
119903730\ same borrowed
meters malfune:
tioned.

4450 ¢5 out of 11) of those meters mstalled worked.

Water Column

Water column data were needed to (1) design the
acoustic position measuning equipment, (2) reduce
the bathometer records for making an accurate topo-
graphic chart, (3) derate the battenies, (4) determne
the corrasion environment so that the cathodic pro-
tectuon sysiem conkd be properly designed, (3) deter-
mine accurate m-watgr weights and buovancies of
structural clements, {65 assess the marne fouling
emuronment. and (7) make numerous other deter-
mmatons  The basic parameters mecasured  were
safiity . temperature, and dissolved onvgen versus
depth. These properuies were essentual tor deter-
minng other parameters such as water Jensty and
sound veloeny prohifes.

The saluuty . temperature, and dissolved oxvvgen
profiles were obtamed i the Santa Momica Basin site
on 5 June 1972, The profihag svstem aboard the
support vessel, ESNS Bantlerr, was used Data were
recorded on punched paper tape and processed afrer

the cruise at CHL Tigure 210 presents the

e

3
4
1

S s ot L g

9

oceanographic data profiles for the survey location
which was about 3 miles northeast of the final
SEACON 11 site. It can be seen that the dedta part of
the structure, which was designed to be at 450 1o 500
feet, 15 well below the thenmochine and the problems
it might cause o sound traasmssion paths. the pro-
files also indicate that the dissolved oaygen content
approaches sero at the basin sdl depth of 2,400 teet
[2-3]. reswlung moan anacrobic or near anacrobic
condition that must be considered in the mechamical
design.

in the process of cross-chedhimg sound velodaty
measurements made with the STACON 1 structme
istrwmentation, the twmperdture protile was
remeasured more than 3 vears after the imnal tenyper-
asure protile data were collected  An expendabie
bathy thetmograph was used 1o collect the data,
whih are presented and compared sath the carlier
dataan Figure 281 A\greement batween the two sets
ot data s gte good except near the surtace where
the seasonal vanauon is slgnl!u.lm
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Oxygen (ml/D) 10 8 6 4 2 0
Salinity (0/00) 335 33.7 319 34 343 345
Temperature (°C) 3 7 11 15 19 23
Sound Velocity {fps) 5,000 4950 4,900 4,850 4,800 4,750
0
-~
7
e _
——
500 —~
Oxygen
1,000} \ -
I} Szl‘inity
£ 1,500} -
\
Sound Velocity \
Temperature \
2,060 \ -

2,500+ \ -

3.000 ] i | i

fagure 2-10. Physical ocesnographic data profiles at SEACON B site on § June 1972
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Sound Velocity (tpy)

4,950 4,900 4,850 4,800 4,750

300. .
100 f
= 1.500: 5 Jun 1972
g 26 Sep 1975
‘Temperature Sound Veloeity
2000 |
2,500
J
: !
ERL UM
3 7 B 15 19 23

‘Temperature (9C)

sgure 2-11, Comparison of temperature and sound
velocnty profiles taken 5 June 1972 and 26
September 1975,

Usimg the temperature and salimity profiles in the
mesttu density of seawater profile, pg ., (presented
Frgare 2-12) was determined by the Sverdrp’s tables
[2-4].

An addiional prece of dina collecred on the water
column related 1o transmssibihity . The erew of the
manncd submersible Tritle, whien dove at the site on
9 1 ehruary 1973, reported visthhity was excellent on
the bottom. they estimated they couk! see 50 teet
trom the sub,

Atmospheric and Air/Sea Inrerface Conditions

Data
aulabie i the hterature

conditions 2t the
Fable 2-2 v 0 summan of

the monthly vartation of wind, seax, and suell tor the

on surtiee SIC were

sie Phese data show the requirement could be met
tor having iess than a sea state 3 more ithan 50% of
the time vear vound  The data also show the swmimer
md L momhs provide by tae the best weather tor
conduncting sea oponations an the site area Piasadeal
surfave weather copcedes wath the period o higghes

currents and was seledted as the target penad bt

e - - P LS (FTor o MG ol
0. \
<00 \\
N
1,000 \
= \
< 1.500 N
2" \
R R
N,
2,000 AN
AN
2,500 \
3.000
1024 1,025 1,026 1.027 1,028 1,029 1,038 1.03)
In-Suu Spedabic Gravay, Pap (gm/ce)

Figure 2-12, {n-situ spechie gravate profile of
scawater at SEACON 1 sate on 8 lune 1972,

structure unplant and for data taking on the response
of the structure to the currents.

sieafloor Topography

The bathymetny  of the SEACON 1 site was
determined from bottom profiitmg conducted dunng
the prehimman site suney et on 3 to 6 June
1972, Approamately 30 nasucal mifes of trackhines
were run o the sie area tigure 2-13) by the LSNS
Baitlen 15kn
Rescarch Fquipment, Inc

uang transducer with Ocean
Transcener Model 140
Feho cvents were recorded on a Rovtheon Precision
Senmie Revorder, FORAC B, g docal radio-nanigation
net, was asad for mavgazionsl control, providing
positioning accuracy of about 50 feet the bottom
Mt the site ares was tound 1o be neards featureless
with an average slope of 03«25 fect in 12,500 teen
trom west o cast s depated o the bathymetne
chart ap Frgure 214 Thas hart s corteaed tor sound
veloany and nde

Accurate depth datr at he proposed 1ociton of

the dump anchor €V wae esentiad to imsure the
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Table 2-2. Windd, Sea, and Swell Dati for SEACON | Siee 2-5

(Data expressed as percent ot month.)

Wind Wave! Swell
Monta
™
<6 Knots 11-21 Knots >2 Ieet >4 eet >2 Jeet >6 lect

Jan 38 25 50 8 60 8
I-eb 30 32 55 10 75 18
Mar 28 28 50 13 80 i6
Apr 20 28 58 13 75 19
May 30 35 58 15 54 8
Jun 35 30 55 7 58 8
Jul 35 25 45 7 g5 8
Aug 35 25 50 § 50 &
Sep 35 30 50 5 50 8
Oct 46 28 43 7 58 10
N 38 25 50 8 62 13
Dec 43 25 50 16 63 15

o
Fho wase haghoas the hagher of W or swell for obsernvations comamng

hoth wave trams

crown buoy would be tocated within proper depth
hauts (top no shallower than 50 feet, no deeper than
63 teet) Theretore, depth data were collected dunng
corrent meter implants to cross-chedh the bathy -
metne chart data at the same locations, Phese datas all
show the bathy metnc chart readings to be 3 10 9 feet
ton deep. A final cheek at the proposed clamp anchor
ate was made with o wire sounding These data
mdicate the chart reads deep by 3 fcet Data collected
duning the mstallation of cach andchor indicate the
bathy metnic chart to be bused on the deep ade 4 10
5 feet. However, the relatne depths appear o be
correet within * 1 oot

Sediment Propertics and Scafloor Structure

During the prehipunany wte cunda on § June
1972 three attempts were made o collear boiton,
core samples with 4 hyvdroplastic corer €2 23 mdch 1D

PA O core barrell fager retainer, and no piston or

L TP S N B R e e P
T P AN LI, Sopp PR T PRSI C U = 10

15

i

trigger mochamism) at the Sans Moniag Basin wte
None of ihese attempts was suceessful however, this
same corer was used successdally to recover cores at
the other sites sunaved It was surmised that the
bottom sediments at the Santa Momca Basun site haa
httle cohesion, probably bemy composed primanly of
sttand sandsized partudes

I'o ansure embadment anchons could be mstalled
that would develop adequate holding capaaity, two
anchot tests were pertormied on 7 February 1973 s
desembed i Chapter 3. Sedivent samples were
collected trom the anchor components atter the
were recacved Gran size andhyvses were performed on
A surtace sample trom the launch cchicle and trom
one of the lukes Based on the Trlineal Oceanic Sond
Clissthicanon Ciang, the results indr ate the surface
matertal to he g sdiv dav, but deeper, where the
anchor fluke was csubedded  the matenal was 4 win
sand
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On 9 ¥cbruary 1973 an additional attempt 10
core the sediments at the site was made with a
Benthos Boomerang Corer. A very short sample. only
6 inches long, was retuncd  Analysis of this core
showed the material to be a clayey sili, which
corroborates the results obtained from the launch
vehicle sample.

No more coring attempts were made because of
the previous  difficulties in obtaining cores and
because the embedment anchors were successfully
installed and met design requirements for short-term
pullout resistance.

Additional data were obtained on sediment
samples coll~cted from the clump anchor, embed-
ment anchor AL, and the embedment anchor at the
construction moor dunng structure retrieval. The

g, aaaai ey e e g SO B, s

Figure 2-14. Bathymetric chart of SEACON i site (from CEL survey of 5 0 6 junc 1972).

samples from the clump anchor and embedment
anchor Al confirmied the existence of the cohesive
layer at the surface and the necarly cohesionless
matenal where the fluke embedded at a depth of 20
te 30 feet The sediment on the construction moor
anchor fluke lozated approximately 2 miles
southwest of all of the other anchor tests showed a
different pattern. The material on the fluke was a
clayey silt that exhibited considerable cohesiveness,

Apparently, significant arcal varnability exists in the

scdiment at the location.

Although the total depth of the unconsolidated
scdiments is not known, the results of 3.5kl
subbottom profiles ndicate  bottom-conformable
strata cxist to a depth of at least 52 feet. Since no
deeper echo cvents were recorded, this measurement
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Figure 2-15. Continuous reflection profile for sediment cover existing near SEACON H site.

represents the nunimum sediment thickaess av tiwe
site.

The results of a continuous reflection profiling
run near the SEACON 11 site are shown in Figure
2-15. The bottom-conformable strata are postoro-
genic sediments, largely of turbidity-current emplace
mem [2-0), which could explain the significant arcal
variability found. The round-trip acoustic time for
the sediment cover at the closest pont on the traverse
to the SEACON 1 site 1s approximately 0.5 see. This
corresponds to a sediment thickness of about 1,400
feet, assuming a sound velocity of 5,600 fps. This
information allayed any concern over inadequate
sediment cover for the proper working of the embed-
ment snchors with sediment flukes.

Opezrational Factors

fhe Santa Monica Basin site s located 27 miles
from Pori Hueneme, well within the desired it of
40 miles. The site is 8 miles outside the established
shipping fanes, and it is afso outside submarine transit
lanes wad dangercus material dumping areas, The
clovest boundary of the Padific Misule Rarge is about
4 aniles away. The area has not been feased for
mineral secovery operations, and the site is located i
international watens, The National Marine Fisheries
Service was contacted [2-7] to iestigate posaible
trawling actwities m the area, 1t was indicated that
there is no trawling conducted south of the Ventura
County liawe. However, swordfish harpooning does
neeur in the site area and could go deep enough 1o
become entangled wath the structure FPhe hine used
tpicaliv: has g breaking strength of about 600
pounds, so it would be unlihely any serious damage
would be sustuned by the structure of entangteaent
occurred,

RESULTS AND DMSCUSSION

The lack of data available for conducting an
enmneering site selection and investygation was quite
surprising, especiatly for a site area adjacent to the
Southern Califorma coast. The least amount of
imformauon  was avalable for the most cmtical
parameters for an array mstallatton  ocean currents
and scafloor sediment properties. The state-of-the-art
of measuring equpment, the large areal variability,
and the high cost and difficulty of making quality
measurements of these two parameters are all factors
which help explain the pancity of data. The
collection of data on these parameters speafically for
the SEACON 11 project was met with great difficulty.

tGood quality sediment cores of adequate length
were not collected. This made it necessary  to
ficld-test the explosive embedment anchors at the site
1o insure they would operate properly. A free-fall
penctrometer device presently under development by
CEL would likely have been a very valuable site
investigation tool had it been available. Adequately
developed 1t would have provided penctration data
directly apphicable to the embedment anchor design
without the requirement for cores or anchor ficld
1ests,

The measurenent of currents m the Santa Monica
Basin to determune of the velociy and direction
characteristies of the current were sutable for the
SEACON 1 experiment was a frustrating experience.
A ariety of meters was gvatlable in the CRLL
mentory and onloan Each had different procedures
and cquipment necessary for implantment. Fhe
recordmp medium and formiat vaned from meter to
meter The dats processng was different for each
meter, and none could be reduced -house. The
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result was poor data recovery and a very long time lag
(averaging sbout 2 months) in obraining reduced data
for analysis. Nearly 1 year was required to confirm
the current regime met the site selection criteria.

In genceral, the measured current data appear to
agree with the predicted data obtained from a
nunierical model for tidal effect and a geostrophic
Now mode! for determining permanent current. How
much coincidence is involved in this agreement is not
known: the site’s nearness to the coast and the
Channel Islands and its basinal character make any-
thing more than qualitative predictions extremely
difficult if not unlikely.

Compared to the effort required to obtain sedi-
ment and current data, the remainder of the site
investigation cffort was routine. The standard
-techniques used to collect data and process them
were adequate, and accuracies were sufficient for
engineering  purposes. Data on site characteristics
obtained from the literature and personal communi-
cations proved accurate cxeept in one instance.
Although no deep trawling supposedly was done in
the site arca, as noted in Chapter 3, 2 picce of
trawling net was found entangled with one mooring
leg.

The LORAC B navigation net was adequate for
site selection when both transmitting and receiving
cquipment were operating properly and were not
being imterferred with by skywave effects or ship
radio transmission. The cquipment is rclatively old,
however, and subject to frequent breakdowns, which
result in cither poor position data or time-consuming
recaitbration runs.

FINDINGS AND CONCLUSIONS

1. A site smitable for the implant of the SEACON 1f
structure was successfully focated and investigated.

2 Virtually no data were found in the literature on
the two most important parameters -- currents and
sediment propertics  for implant of an underses
cable structure, such as SEACON 1. Apparently, due
w Lick of adespuate equipment and the cost invohed,
these site data are not generally available even in a
wellstudied area, such as the southern California
coastal waters, The lack of data en currente required
a teyear effort to accumulate sufficient data 1o make
a final site selection deasion

3. Due to coring equipment limirations in the sedi-
ments encountered, no suitable core was obuained.
This nccessitated costly ficld testing of the embed-
ment anchors to insure they would operate properly
at the site. An alternative to coring or more reliable
coring techniques are needed.,

4. Measured and predicted currents, both velocity
and direction, appceared gencerally to agree.

5. The LORAC B system provided adequate position
data for the site investigation when transmitting and
receiving equipment were both operating properly;
however, frequent breakdowns were experienced.

6. Contrasy to site information, deep trawling was
conducted in the arca at least once because a trawl
became entangled with the SEACON 11 structure.

RECOMMENDATIONS

1. The Navy should establish a physical environ-
mental measurement program to obtain environ-
mental data for engincering purposes at numerous
locations around the world which are likely 0 be
candidates for undersea construction activitics. This
would avoid the long lead time invelved in site
sclection. Current regime and sediment propertics are
the most important parameters to be accumulated in
a data hank,

2. The Navy should continue to support the develop-
ment of a current messurement system for occan
engincering that incorporates case and reliability in
implant and recovery, and has central control and
recording, low cost sensors, and low threshold and
high accuracy sensors,

3. The Navy should continue development of the
expendable  free-fall penetrometer as an efficient
means of determining  engincering  propertices of
sediments without conng. Sufficient tests in many
different sediment types should be cenducted to
“calibrate” the penctrometer for any ocean locatior,
Development should also concentrate on eagineering
to reduce the unit cost to 4 reasonable tevel.

+. The Navy should critically evaluate avoustic means
for determining engincenng properties of sediments
i situ. This technique could provide another
alternauve to conng or, at least, to extensive coring
activities,
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5. Studies should ke conducted to determine the
reliability of ocean current prediction techniques for
engineering needs at ocean ¢onstructinn sites.

s
[2
o

-

Vnaraon iy

6. A new ship positioning system  that covers
generally the present arca served by the obsolete
LORAC B net shouid be procured and instalicd.
LORAN C, which should be operational in this area
in carly 1977, may satisfy at lcast part of this
recommendation.
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CHAPTER 3

SYSTEM DESIGN AND PERFORMANCE

SECTION 1 ~ DESIGN CONCEPT

(4
GENERAL

Sifice the SEACON I structure was an experi-
mental “tool” rather than an operational system, it
permitted greater latitude in selecting a general con-
cept, “cluding shape, configuration, and size. A
three-dimensional cable structure with a horizontal
delta inclusion was selected to provide a comprehen-
sive test of available analytical models. 1 he configura-
tion chosen appeared to have practical value in
providing a very stable subsea structure with the defta
being a convenient platform on which to mount
instruments. Should a similar structure be built for an
operational system the resuits of the SEACON Ii
experiment could be directly applied with lintle
interpretation or extrapolation.

The approximate size of the structure  was
initially bracketed to be between 2,000 to 6,800 feer
high with the delta sufficiently deep to avoid signifi-
cant surface effects. It was concluded by Dominguez
[3-1] that, if a properly validated numerical model
was obtained on the SEACON I1 structure, the results
could be extended to cable structures 8 to 10 times
its size. Thus, the data from this size of structure
could be applied to the design of a submerged cable
structure at virtually any ocean depth. This size range
also appeared to be sufficient to extend the state-of-
the-art in the implant of such a complex structure,
since no trimoor supporting a large platform similar
to the SEACON 1l delta had ever before been
installed.

STRUCTURE DESCRIPTION

The SEACON 1i structure (Figure 3-1) consisted
of a delta-shaped module tethered by three mooring
legs (L1, L2, and 1.3) i 2,900 feet of water. Legs 1.1
and 1.2 were torque-balanced .ncchanical cables, and

L3 was a torque-balanced electromechanical (KM}
cable, Each leg was 4,080 feet long. The delta
module, which had 1,000-footlong EM cable arms,
was positioned approximately 500 feet below the
surface and was buoyed at each apex by a 5-1/2-foot-
diameter spherical node buoy (NB1, NB2, and NB3).
The mechanical cable legs (1.1 and L2) were anchored
with experimental deep ocean explosive embedment
anchors (Al and A2). The EM cable leg (L3) was
anchored by a 12,500-pound clump anchor (A3),
which contained a 10-watt radioisotope
thermoelectric generator (RTG). The anchors were
positioned approximately 6,600 feet apart. An M
wire rope crown linc (CL) extended from the clump
anchor to an 8-foot-diameter crown buoy (CB) 50
fect below the surface,

The clectronics and recording cquipment were
stored within a rerovable pressure canister in the
crown buoy. tlydrophones for position measurement
and pressure sensors for measuring depth were
located at the three delta apexes, the once-third points
of delta arm D13, the midpoint of leg 1.3, and 500
feet below the surface on the crown line. One hydro-
phone was to be located at the midspan of arm D23,
but, as discussed later. it flooded during implant and
was removed. Three acoustic projectors (P1, P2, and
P3) were located on the clump anchor and near the
other two anchors, respectively. Tension sensors were
located at cach end of leg 1.3, cach end of delta arm
D13, and at the NB3 end of deliu arm D23. The
Naval Underwater Systems Center (NUSC), New
London, Connecticut, supplicd a sclf-contained
instrumented span for delta arm D12 to measure the
dynamic response of the structure to the cnviron-
ment. Three current meter strings (CM1, CM2, and
CM3) with a total of 19 meters surrounded the
structure. Three acoustic projectors (T1, T2, and T3),
which were part of an acoustic transponder
navigation system (ATNAV), were positioned on the
seafloor near the structure.
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Table 3-1. Summary of Physical Characterstics Used for Design®

(Distance between anchor, 6,600 fect,)

Dimensions
. Umit Weight Drag .
Component e f.ocation
Length Duameter (n scawater) Cocfficient
(ft) (in.)

Cables 4,080 0.727 -0.310 Ib/ft 1.2 Leg (L1, 1.2, 1.3)
(normal only)

Arms 1,000 0.727 -0.310 Ib/ft 1.2 Arm (D13, D12, D23)
(normal only)

Node Buoys 67 1,745 Ib 0.5 At juncuons of arms and

legs (NB1, NB2, NB3)

a . .
Actual values varied in some cases. Fable 3-3 provides data on acrual ¢zbles used.

ANALYTICAL MODELING OF STRUCTURE

The analytical model used to design the SEACON
tl structure 15 called DESADE and 15 described i
Chapter 6. DESADE was used to establish the strue-
ture design, confirm the suntability of the construe-
tion site, and determine the measurement accuracies
required to achicve the desired level of validation.

First, vartous combinations of leg lengths, anchor
spacings, and buovancies were input to the program
and analyzed m an tterative fashion. This procedure
continued until a preliminary design resulted that had
the node buoys at approximately 500 feet below the
surface, no cables laying on the bottom, maximum
tenstons fess than 2,000 pounds i all cables except
the crown line, and a design compaiible with the
nstallation plan being developed concurrently,

Table 3-1 s a summary of the important
parameters that resulted from this first stage effont
These  charactersties were used as nput to the
DESADE program along with ocean current profites
to determine the predicted response of the structure
to the ocean environment. Using the predicine model
the tentatve design for the SEACON structure was
exposed to two current profiles. A “low profile”

23

(shown n Fgure 3-2) represents the current regime
expected 20% of the time at the SEACON site. It was
used 1o deternune the minimum node buey displace-
ment (20 feet from the sero current positon of the
buoys) and, thus. estabhish how accurate the
equipment used to measure the posibon of the
structure would have to be The “high profile”
(Fagure 3-2) was used 1o msure cable tensions did not
exceed those prescribed for the cables. The displace-
ments produced by the current profiles for one
assumed direction of flow are shown in Figure 3-2,
note that the “low profile” produced node buoy
displacemients of 20 feet in the horzonial plane (v
plane) and verucal displacements of 8 and 14 feet
The “lgh protile” produced honsontal displace-
ments of approximately 70 feet and vertcal
displacements of 52 and 21 feet. Under the “high
profile.” maximum cable tensions were 1LE60 pounds
i a Cleg” and 650 pounds in s honzontl delta
“arm.” From these data st owas deternmned  that
adequate dinplacement of the structure could be
expected at the selected SEACON H are

Since many - parameters anfluence dhe ultmate
level of sahdaton of the anahyocal model. o
parametne study was condudted 1o deternine the
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Table 3-2. Equivalent Cy Accuracy of SEACON Il Parameters

Position
Measuring Ocean Currents Cable Fluid
kquivalent . y . Density
C. Variation” (ft) Diameter cnsity
d (in.) (slugs/ft3)
X-y ’ Veloaity (cra/sec) Direcnion (deg)
*0.25 13 11 2.5 £10 0.1 $0.33
0.10 15 4.5 1.0 14 20.05 014
£0.05 £2.5 2.0 0.5 v $0.025 +0.06
£0.02 0.5 | 04 0.1 0.5 £0.005 £0.03

' .
“Variadon about asumed normal Cyequal to 1.2,

impact of cach parameter on vahidation. A study such
as this points out potential sources of error, which
allows one to determine if any major measurement
problems exist and to specify  the measurement
accuracies needed to meet the expenimental goals.

Since the major factor for relavng cause (ocean
currents acting on the structure) to effect (movement
of the structure) s an cfiective drag coefficient for
the structure, the drag cocefficient was selected as the
pacing parameter.

Table 3-2 shows ux of the parameters examined
as 4 function of the pacing parameter, normal drag
coetficient. €. Fach of these was examined in rela-
tion to a Cy accuracy level of £0.10, 2 level estimated
as bemng nevessary for a successful vahdauon experi-
ment [3-1].

The average flurd density measurement tor the
site 18 aceurate to within 10,003 slugs/fe?, this 1s 50
umes more accurdte than the tluid densty hsted i
Labie 3-2 tor an cquvalent Gy accuracy of “0.10,
The average cable duameter measurement s believed
accurate to within 10,003 inch, stuch v almost 20
tmes more securate than the dable duameter tor an
cquinalent Cyq acauracy of *0.10,

The relatne pominon measunng acciracy of 53
teer i the vertical and *4.5 teet w the honzontal
posed a serous challenge To be sure ot so-hoent
deanraey, espeataily gt lower current aeloaties, o
relatne position accuracy of C1 oot was speatied tor
the PU\I'I(H\ mc.lsunng sostem.,

The current velocity and direction measurements
were a more serious challenge, requining the design of
an claborate current measurement and  calibration
system, which is described later in this chaprer.

SECTION 2 — MECHANICAL SUBSYSTEM

DESIGN GUIDELINES

‘The major components of the mechanical sub-
system include cables, cable terminations and
breahouts. anchors, instrumentatior: housings, and
buosaney elements Senous wear or corrosion of
mamv ot these mechanicad components could result in
major structural fature. thus, the following guidehines
were adhered ton the design of this subsy stem

® 1he operating hfeume of the mechamical sub-
sy stem shall be a minimum of 2y ears.,

Cntical components shall be designed 1o meet
thiy mmmum 2vear requirement Crtical
relates to complate subsy stem tatlure as would
result, tor example. from the parting of any
cible wermination

Absolute mimimum operating hfetime of non-
critical compaonents shall be 1 vear,

ot
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All wire ropes and wire rope terminations shall
be galvanized or aluminized.

® All dissimilar metals shall be  electrically
isolated or.f 1solation is not desired or feasible,
the more anodic components shall be much
Larger than the cathodic components.

® Al steel components shall be hot-dip galvanized
and/or cathodically protected with sacrificial
anodes,

® The radionotope thermoclectric  gencerator
(RTG). s housing, retaining hardware and
cables, cable terminations. and  connectors
associated with it shall all be considered critical
items, sincee it is essential that the generator be
sately installed and recorvered.

® Maternis that corrode unsformly (steel, copper
Mloys, cupronickles, cete.) are preferable to
those that corrode nonuniformly (aluminum
and saiinless steel).

® Aluminum alloys and stainless steel shall be
allowed tor noncritical items only .

¢ [itamum. Inconel 625, and Hastelloy “C” are
matenals 1o be used only for centical com-
ponents that cannot be protected from
corrosion damage by other means.

CABLE AND CABLE TILRNMINATIONS
Design Criteria

The major cnteria for the selecuon of cable and
termination hardware were. the combination must
(H supph both reliable clectrical power and data
transmssion o and from the structure, (2) have good
handlig characteristios for implant, (3) withstand the
mechanmcal stresses enpected, and () sunave g
miimum of 2 vearns n the ocean environment.
Specttic cable entena are

& Al structure cables must be torgue-balanced
within the present state-ot the art,

® Al deciromedhamicad cables must have a4 center
strength momber with a smmimum ot three
clecinaal conductors (AWG no. 22 or largen)

26
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exterior to the strength member, with the
exception of the crown line cable whichi must
have a minimum of six electrical conductors
with three exterior to the strength member.

® Al cables must be jacketed with a smooth
exterior covering that can withstand abrasion.

® All cables must be compatible with state-of-
the-art terminations.

® All cables must be galvamized or alumimzed for
corrosion protection,

® All cable terminations must withstand loads up
to and including the parting of the cable.

® Ail cable terminations must be galvanized.

® All cable terminations must be designed so that
all clectrical conductors can be passed con-
tinuously through the termination.

Cable Description

The basic cable type selected for the SEACON 1l
structure was of three-strand mechanical construc-
tion. CEL and other organizations that have had
experience with this type of cable have found it to
have excellent mechanical properties. It 1s espeaiaily
converent w0 handle since it is designed to be
torque-balanced. NUSC, New London, working in
conjunction with NAVEFAC and U.S. Steel Corp, New
Haven, converted this excellent mechanical cable to
an clectromechanical (M) cable by placing three
fackered no. 22 AWG clectrical conductors in the
valleys formed by the three strands (Figure 3-3a) and
then jacketng the entire cabie to hold the clectrical
conductons in place and to protect them from
abrasion. To ncrease the number of clectrical
conductors from three to six the center wire of cach
strand was replaced with an clectnical conductor
(Fypire 3-3b). This configuration was sciected tor the
SEACON T crown hine (Cl.)

At the time CRIL tentatvely selected this cable
for the SEACON 1T structure only preliminary testing
kad been completed on the EM version of 1t and no
work had been done on termunations or breakouts,
the cable appeared so pronusing, howeser, that CELL
decided to tentativelv weleet 1t and perform the
devdopment and testing necessary to assure s
relility for use in the SEACON 11 structure.
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Table 3-3 lists the characteristics of all the
SEACON I structurce cables. All of the legs, the delta
arms, and the crown line were externally jacketed
with high-density polyethylene so that the entire
structere would be uniform whether the cables were
EM or mechanical only. This jacketing added com-
plexities to the cable rermination design and
con 3sion cvaluation as discussed later.

The EM leg, delta arms, and crown line clectrical
conductors were insulated with a cross-linked poly-
alkene primary and a cross-iinked poly(vinylidene
fluoride) (Kynar) jacket. The projector cable’s three
clectrical conductors were jacketed with polypropy-
lenc.

Termination Descriptions

All cable tcrminations used on the SEACON 11
structure were DYNA-GRIPs purchased from Pre-
formed Linc Products Company. This termination
tvpe uses a helical gripping and armoring technique.
The gripping forces are distributed uniformly along
the cable rather than heing concentrated at the #nd of
the fitting. The helical rods are formed such that the
inside of the helix 1s smaller than the outside
diameter of the cablc: this provides a gripping action
when properly installed on the cabic.

The majority of the DYNA-GRIP terminations
were fitted with articulating balf joints (Figure 3-4) to
reduve cable fatigue and the ambient noise generated
by the strucrure. The exceptions were at anchor Al
anchor A2, snd the crown buoy; at these points the
DYNA-GRIP terminated i clevises.

The sockets of the bali joints were lined with
Rulon, a material similar to nyvlen, to reduce friction
and noise that might be generated at these connection
points. The clectrical conductors passed through a
hole in the center of the joint.

Testing

All cable and termination testing was done at
three Incanions  U.S. Steel Corporation, New Haven,
Connccticut, Preformed  Line Products, Cleveland,
Ohio. and Civil Fngincenng  lLaboratorv, Port
Hueneme, Califorma,

Both mevhanical and clectrical tests were per-
formed on the cables. The clectrical tests consisted of

29
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Figure 3-4. Typical ball joint connection on
DYNA-GRIP termination. Light fouling
present after structure recovery.

insulation resistance. attenuation at 145 ki,
capacitance, and inductance measurements. The
mcchamical tests were  rotation, breaking steength,
and a bending life test of electncal conductors using a
24-inch sheave with the cable loaded at 20% of stated
breaking strength,

As noted carlicr all cable terminations were
DYNA-GRIP. The statc-of-the-an for these
terminations with unjacketed mechanical cables was
such that testing was unnccessary, However., testing
was performed by Preformed Line Products Company
on the 172anch 3x19 jacketed EM cable terminated
with DYNAGRIPs. The tost report chows the
DYNA-GRIP temunation to be able to develop the
fullstatcd breaking strength of the cable without
damage to the clectrical conducters.

Results and Discussion

I'he most sigmificant problem detected dunng the
cabic tests was clectrical shorts to ground an ihe
12anrh 3x1€ FVM cabie Three test speamens were
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provided by the manufacturer for pressure tests at
CEL. Two of the samples were 100 feet long, and the
third was 40 inches long. All had electrical con-
ductors with polypropylene insulation rather than the
polyalkene that was used in the final cable.

The first test was conducted on one of the
100-foot cables coiled so that it would fit in an
18-inch-diameter pressure vessel. Before the cable was
submerged in the scawater, its resistance, capacitance,
and inductance were measured. All conductors
checked out satisfactorily.

The pressure was raised to 150 psi, and conductor
no. 1 showed a short to the pressure vessel case. The
other two conductors had resistance to ground
greater than SO0 MS2. At 500 psi conductor no. 2
showed a resistance of 100 k2 to the pressure vessel,
and conductor no. 1 remained shorted. The resistance
to ground remained greater than 50 MSQ for con-
ductor no. 3. Since the cable was considered failed,
the pressure was removed. The short in conductor no.
1 disappeared when the cable was removed from the
tank, but the 100-kS$2 resistance to gr -nd for con-
ductor no. 2 remained unchanged.

ft wae susoccted that the cable may have been
damaged when it was coiled so ughtly 1o fit i the
§8-inch pressure vessel. ‘Pherefore, the second
100-foot section along with the 40-inch picce were
left in their shipping container, and the entize con-
tainer was placed in the 72-indy-diameter pressure
vessel, Before gomg into the vessed, all conductors
exezpt no. 2 n the $0-inch cable had resistance to
ground greater than 5 ME st 1,000 volts DC. the no.
2 conductor was received trom the facton m
shorted condition.

After the cables were placed in the 724anch vessel
and the head secured, which took about 45 nunutcs,
the conductars were tested for shorts agamn betore
apphying pressure. Conductor no. 1 of the 100100t
cable and conductors no. 1 and 2 of the 40-nch cable
were shorted. Both cables were considered taided, so
no pressure was apphed. Instead, they were aemoved
from the vessel and shoroughh  imspedted to
deternuine the locations and probable causes of the
fastures,

the jachet of the 40anch sample, which was 3
st inture tor an cloaneal breahous schemie, was
cemaoved, and rhe clectaat breahonts worcimpeated,
the sphice 1o the no. 1 condudctor was Bl and

Teflon insulation was placed between the steel wire
and the splice. The resistance to ground immediately
increased to greater than §0 MQ. The same procedure
was followed for conductor no. 2 with the same
results. Analysis of the splices showed there were
cracks at the junction area where the pigtail was
attached to the main conductor. The unsatisfactory
splice had been made by wrapping the wires first with
a polypropylenc tape and then with a polyethylene
tape; then they were irradiated.

The 100-foot specimen was halved until a short
section with the failure was isolated. The jacket was
then removed, and the conductor was examined
under a microscope. A hole was found in the
insulation. It was decided that the most probable
cause of failure was that, during the process of
extruding the jacket over the cable, the polypropy-
lene insuiaiion on the clectrical conductor was
softencd, and mcchanical abrasion at this stage broke
through the insulation.

Based on this mformation the manufacturer
recommended the polypropylenc-covered clectrical
conductors be replaced with a cross-linked polyalkene
primary insulation and & crosshinked poly(vinylidene
flounde) (Ky nar) jacket. This insulation was designed
to withstand 600°F to 709°F anncaling tempera-
tures.

It was Jater determined that softening of the
insulation during the jacketing process j.robably was
not the cause of failure. The cable was manufactured
and the conductors laid n the cable at one plant. The
cable was then shipped to another plant in a different
oty tor extrusion of the outer jacket. Dunng this
process the cabie was recled with wooden blocks
merted  to scparate the layers and protect the
clectrical conductors. Instead the wooden blocks
gouged the conductors, causing the failure.

To msure the KM cables delivered for use in the
SEACON I structitre had no faults in the clectrical
conducton, the voids between the jachet and the wire
were backfilled with freshwater and then tested winle
under pressure (Figure 3-5). No faults were detected
in any of the EM cabies delnvered from the manu-
faciurer. Freshwater backfilling was done for several
reasons. The nner voids of the cables were fitled with
water to prevent a large pressure differential from
developing across the jacket wall duning pressuriza-
ten that could damage the cable. Also. freshwater
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Figure 3-5. Testing EM cables for ¢lectrical faults
in CEL’s -foot-diameter pressure vesscl.

was recommended by CEL's corrosion consultant to
lessen the corrosion rate. Finally, by filling the voids
with water and then pressurizing the fluid one was
able to obtain highly accurate in-water weights for
the cable sections.

The only other potential problem discovercd
during the cable testing related to the rotational
propertics of the 3x19 cables. The manufacturer
stated an approximate linear increase from 9 degrees
per foot rotation at 0 load to about 1 degree per foot
rotation at 70% of breaking strength. The Navy
Rescarch  Latum ., performed tests {3-2)  that
indicated a rotation < -ouc § degrees per foot at
about $% of breaking stree, th  >.reasing to about
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degrees at 70% of breaking strength. This appears to
indicatc some residual rotation from the manu-
facturing process was in the cable specimen tested.
The difference in results could be due to different
testing techniques and to different cable lengths and
runs of cable tested. Even at the higher rotation value
this 3x19 cable is still one of the most nearly torque-
balanced wirc rope cables on the market.

Mechanically, the 3x19 and 3x24 cables
performed very well. Some of the cables were
deployed from a reel through a traction unit, and
others were figure-cighted in boxes and deployed by
hand. No problems of twisting occurred with any of
the cables during loading, payout, or recovery of the
structure. The only cable damage was found during
structure recovery, It consisted of a small kink at the
top of leg L.1 and a longitudinal ripping of the poly-
cthylene jacket nearly the full length of L1. It is
belicved this damage was caused by 2 decp trawl
becoming cntangled with leg L1. In fact a piecc of
trawling nct was found still snagged at the top of leg
L1 when the structure was recovered.

The clectrical conductors in the 3x19 and 3x24
EM cables remained in excellent condition with no
shorts for at fcast 1-1/2 years and probably for the
full 22-month implant. A short did occur somewhere
in the structure 1-1/2 years after implant during a
series of dynamic perturbation iests, However, it is
belicved this short occurred at one of the termination
points and not in any of the EM cables.

The mechanical DYNA-GRIP terminations
performed  satisfactorily. No slippage between the
cable and termination occurred under load, and no
damage was done to any of the clectrical conductors
by the terminations. A potential problem with the
ends of the DYNA-GRIP digging into the cable
jacket, which could have damaged the electrical con-
ductors, was avoided by placing a protective flared
shicld between the cable and the end of the D¥NA.
GRIP.

Findings and Conclusions

1. The 3x19 and 3x24 torque-balanced wire ropes
used to construct the SEACON 11 structure
performed well structurally and were convenient to
deploy and recover, both from a winch stowage unit
and figure-cighted in a box.
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2. No electrical faults developed in the 3x19 and
3x24 EM cables during the 22-month implant.

3. The DYNA-GRIP terminations performed satis-
factorily without any slippage occurring betwesn the
terminations and the cables and without damaging
the cables or clectrical conductors.

Recommendations

1. The 3x19 mecharical or EM cables and the 3x24
EM cable are recommended as excellent torque-
balanced cables for use in ocean engincering
applications.

2. EM cables to be used in ocean construction should
be backfilled with freshwater to fill all voids and 1o
reduce the corrosion rate, and they should be pres-
surized to permit any clectrical faults in the cable to
be detected.

3. The DYNA-GRIP terminations are recommended
as an cxccllent tennination method for mechanical or
EM cables. ‘Testing of the specific termination size
specified for the cable to be used is recommended to
insurc proper performance.

ELECTRICAL BREAKOUTS AND
ELECTRICAL TERMINATIONS

Design Critcria

The design of the clectrical breakouts and
terminations addressed two basic areas:

® The termination of the clectrical conductors as
they exit the bitter end of the clectromech-
anical (EM) cables.

® The indinc splicing at all locations on the EM
cables where there are to he instrument
stations.

The design criteria were straightforward:

® The technique must be capable of rendering
conductors with a crossdinked polyalkene
(polyethylene) primary insulation and a cross-
linked poly(vinvlidenc fluoride) (Kynar) jacket
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waterproof to pressures of 3,000 psi and
temperatures to 0°C,

® The technique must be able to be done at sca
in a relatively short period of time and with no
special equipment.

® ‘The splices must survive in the ocean at depths
to 3,000 fect for « minimum of 2 years,

Splicing Matcrials and Technigues

Epoxy Resin. There were several epoxy resins
tricd. Both the one-and two-part cpoxics werc
unsuccessful in bonding to the polyethylene. This
approach was discarded carly in the project and will
not be discusscd further.

Hot-Mclt Adbesives. A sccond method involved
usc of 2 hot-melt adhesive. The manufacturer of the
hot-mclt material is USM Chzmical Company, Bostik
Division, and the trade name is Thermogrip Adhesive
No. 4315. This secalant was rccommended because of
its application for scating polyethylenc-coated boxes.

The technique for using the hot-melt adhesive
involves first removing the Kynar coating from the
clectrical conductors, leaving only the polyethylene
insulation. The Thermogrip material is mclted and
poured into a mold covering the clectrical splice.
When cold, the mold is removed, and the hot-melt
matcrial is rigid (sce Figure 3-6).

Diclectric Sealing Rubber. The third technique
tricd used a diclectric scaling rubber manufactured by
AMP Products, This diclectric rubber has the
characteristic of remaining mallcable at temperatures
from 09C to 2509¢..

Before applying the AMP rubber, the Kynar is
removed from the conductor to be terminated, and
the surface is cleancd. The dielectric scaling rubber is
then formzd around the splice or termination arca,
and a protective coating or covering is put over the
rubber to keep it in place. The coverings tried
included vinyl tapr and heatshrinkable tubing. The
heat-shrinkable tubing worked well, because the AMP
rubber was not adversely affected by the heat, and,
when the tubing shrunk. it forced the rubber into any
remaimng voids in the conductor splice avess, Figure
3.7 shows several completed tee splices.
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> Figure 3-6. Tec splice made with hot-melt
;; % adhesive material.
s Testing Procedures
Testing was conducted to determine the most

! rcliable and convenient method of splicing and
H ’ terminating a cross-linked polycthylene-insulated con-
i ductor. The two basic splice types tested were a
é straight splicc where two single conductors are
connected and a tee splice where three conductors are
joined.
o The testing procedures were the same for all
E splicing and termination techniques and consisted of
A clectrical insulation to ground mcasurements at
;o varying pressures, temperaturcs, and voltages. All
i . tests were conducted in the CEL pressure vessel
3 facility,
% ] ‘The 1esting pressure ranged from 0 to 3,000 psi

and the temperature from 0°C to 189C; the test
voltage was 1,600 volts DC or 1,000 volts AC. A sam-
ple was considered fatled if the inculation resistance
fell below 250 MQ.

Test specimens were made uswg both the
Thermoprip hot-meit material and the AMP diclectne
rubber scalant. In preparing the specimens the poly-
cthylepc-insulated conductors were sphiced to
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Figure 3-7. Tee splices made with dielectric
sealing rubber.

neoprenc-insulated pigtails terminated in single-pin
underwater electrical connectors. These were
connected to peretrators in the pressure vessel head
to permit one to monitor the performance of thie
specimens while under pressure.

Results and Discussion

The het-melt method was found to be crratic in
performance. It was also more difficult and
time-consuming to use than the AMP rubber; there-
fore, it was discarded in favor of concentrating on
AMP rubber splice development. However, it was also
found to be fairly difficult and time-consuming to
make reliable tee splices. Therefore, it was decided to
putchase premolded tee splices off-theshelf and to
usc the devclopmental splice technique only for
straight splices.

The AMP splices were tesied over a 6:month
period. During that time less than 2% of the straight
splices failed. These splices were made under varying
conditions from atsca to in the laboratory. Minor
variations were made on the splice technique, mainly
with the shrinkable boot arrange:nent.
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1 Kintee neoprene jacket.
no. 16 clectrical wire,
single-pin female connector

3/16-in. SCL dualawall

AMP shrinkable tubiny
rubber

on all

the

interior 1/8-in. SCL slecves (2)
area under shrunk ovee no. 22
316n. Ravchem wire, Kyn~r
tubing removed

No. 22 Raychem Polyolefin/

/ Kenar-coated electrical wire

Figure 3-8, Splicing technique using AMP
diclectric seaiant confined with
heat-shnnkable boots.

Before setthng on the oxact techigue to adopt
for the SEACON I termination and spiicimg, a2 final
test sample ot of S0 straght splices was made. These
sphices were tested n the pressure vessel and then
placed in the ocean in shallow water for 3 moaths. At
the end of these tests only one sample had failed. The
failure occurred in the ocean, but st s unknown 1f it
was caused by mechameal damage or by poor splicing
techmque.

The AMP dicleesric sealant confined with heat-
shrinkable boots (Figure 3-8) was used exclustvely for
all end teraunations and inhine sphices of the
SEACON 1 EM cables. Over 100 sphices were used in
the svstem, Approximately one-quarter of these were
made at sca dunng the implant operation. No faldures
of the sphices occurred durning the 22 month implant-
ment period,
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Findings and Conclusions

1. A simplc and reliable technique was developed for
terminating and splicing clectrical conductors with
crosslinked polycthylene insulation.

2. Because of its simplicity and reliabili, this
technique is also an excelient choice for usc on
casicr-to-bond-to materials, such as polyurcthane or
ncoprene, especially under ficld conditions,

Recommendations

Wheaever possible onc should avoid the usc of
polyethylene insulation where splices will be in an
underwater environmeut, If this is not possible, the
method developed herein is reliable and simple. uses
off-the-sheif materials, and requires no special equip-
mens.

ANCHORS
Design Criceria

To meet system aequirements it was decided to
use two separate classes of anchors to moor the
SEACON 1 structure. The classification was based on
whether or not a crown line was nccded for
installation and rccovery of the anchor. Two of the
anchors were to be used without a crown line and the
third one with a crown line.

If feasible. cither the deep water explosive embed-
mwent anchor or vibrating embedment anchor, both
beirg developed by CEL, would be used without
crown hnes to anchor two legs of the trimeor. To
meet o gn requirements the sachers had to resist
pullout under 2 long-term (2-year) static load of
3.000 pounds applicd at a 10-degree angle with the
scafloor and short-term (30-minute duration) vertical
foads up to 10,000 pounds that might be applied
Jduring consiruction. 1t was cxpected that of the
short-term requirement could be met, the long-term
one alse would be met.

The third anchor to be used with a crovn line had
to provide a platform for a power wstem contained
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in a 5-foot-square by 4-foot-high box. For handling
purposes it could not be larger than 10 feet square by
4 feet high. The anchor had to be stable under a static
vertical load of 8,500 pounds and a horizontal load of
1,000 pounds. The maximum allowable tilt the equip-
ment on the anchor could sustain was 15 degrees.

Concepts Investigated
The explosive and vibratory embedment anchors

were both investigated for mooring two legs of the
structure. The vibratory anchor was rejected based on

-evaluation tests conducted in 6,000 fect of water.

The major weakness in the system was that the
installation ship had to station-keep very accurs ely
for up to 1 hour while the fluke was heing vibrated
in, If the ship moved significantly, the anchor support
frame would overturn, preventing the anchor from
embedding.

In order to cvaluate the suitability of the
explosive embedment anchors and determine the
proper fluke cize, embedment anchor tests werce
performed at the SEACON II site. Short-term
pullouts of 30,000 and 27,000 pounds for the 1-1/2 x
3-foot and 2 x 4-foot flukes, respectively, were
obtained. Bascd on analysis of the test data it was
detérmined that the explosive embedment anch..
would mcet all design criteria for anchor installation
without a crown line.

The only concept considered feasible to mect the
design criteria for the anchor with a crown line and to
also double as a platform for the power system was a
clump-type anchor. Uplift resistance is provided by
dead weight, Excess tilt or settlement is prevented by
having sufficient bearing arca to spread the load or by
founding part of the foundation decp enough so only’ |
compcetent soils are loaded. Lateral resistance is.
provided by a keying skirt around the perimeter or by
piles. Since piles pose installation problems, it was
decided the design criteria could be satisfied by using
a spread footing with a perimeter skirt.

~-

Anchor Descriptions

The deep water explosive embedment anchor
depicted in Figure 3-9 was vsed to moor two legs of
the SEACON 11 trimoor, The anchor assembly weighs
about 1,500 pounds and can be safely handled with

safe-and-arm device

o power package
breech block

q'=,_’1 [ -'-‘. ;
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bigure 3-9. Schematic of deep ocean embedment
anchor.

e

R e R g wrrccy

Y

B ae BB ke ke

Al

s A

§ etk A D Zonca s AT £ Tn Il TS AT

i
1
]
H
3

P T S T T AR v [ L DN TR TR

aoei e m

e
N

e——

s ol NI T ven TATs VAARENS o A ot TN 488 trt ™ WI T AL bt S AI T E SR

¥z

R 10 e s Al

A




D I W Lo bR N 2

e

XSy

S o

BN T e e st S A Tl
S S Y R C Ry

gt
e e

T OB bt e = IO = <

the 1/2-inch-diameter wire rope mooring legs. The
downhaul cable that is attached to the fluke and
penetrates the water-sediment interface (a potentially
high corrosion area) is a 3/4-inch-diameter line. The
anchor reaction vessel and gun barrel assembly were
attached to a hook on the mooring linc that was
designed to rclease during the setting of the anchor
fluke, thereby aliowing the assembly to fall free.

The clump anchor has an air weight of 16,000
pounds and an in-water weight of 12,500 pounds.
The anchor is composed of a 7-foot by 8-foot by
2-1/2-inch-thick steel basc plate with a 5-foot by
6-fcot by 4-foot-high container mounted on top. This
container was filled with concrete around the cavitics
molded into the concrete to contain the radioisotope
thermoelectric generator (RTG) and other electronic
and power equipment. A metal skirt around the
perimeter of the anchor extended 6 inches below the
anchor base plate to key the anchor in the sediment.

Anchor Performance

The two explosive embedment anchors used in
the trimoor plus a third one used to anchor the
single-point construction mooring buoy were installed
routinely during a single work day. No problems were
experienced with them, cither during installation or
the ncarly 2-year life of the structure. During an
inspection of SEACON 1 with the CURV Il vehicle,
embedment anchor A2 was discovered to be
cmbedded only 8 feet. However, when the structure
was recovered, mooring leg L2 parted at a load of
‘ 19,000 pounds without breaking the A2 anchor fluke
¢ out of the bottom. in contrast, anchor A1 pulied out
at a load of 3,500 pounds although a 10,000-pound
load had been used to set anchor A1 during implant.
As discussed earlier, other evidence indicated a decp
traw! had become entangled with leg L1, ripped the
cable jacket, and apparently nearly failed the anchor.

The reaction vessel at anchor Al was found
attached to the recovercd mooring line, Apparently
due to an oversight during the installation process a
safety wirc had not been removed from the reicase
hook on the mooring line to aliow it 1o operate. The
veaction vessel simply acted as a small deadweight
anchor in scries with the embedded fluke. However,
there was no evidence of damage due to the reaction

- e ——

vessel remaining attached.

T

T o T

The explosive embedment anchor on the con-
struction moor underwent the most rigorous testing
during the 2-year implant. The mooring had a scope
of only 1.4:1. Numerous vessels the size of CEL's
warping tug (120-foot by 135-foot beam) and smaller
moored to it. On one occasion in a sca state 5-6
condition, a 70-foot-long deep sea fishing vessel rode
on the moor for a day.

During the structure recovery operation the con-
struction mooring anchor was pulled out while foad
and displacement were monitored. Figure 3-10 shows
the Precision Depth Recorder record from a pinger on
the mooring line during pullout. The record of direct
and reflected pinger pulses, depicted as the two dark
lines, indicates the height of the pinger above the
bottom. As the anchor fluke cxits the seafloor, it is
detected by the acoustic signal reflected off it
Correlating these displacement data with the load
record yields Figure 3-11, the load-displacement
curve for the short-term anchor pullout. This record
indicates the embedment depth of the set fluke was
approximatcly 30 fect. After the anchor was moved
to mobilize the maximum resistance of the sediment,
a peak load of approximately 27,000 pounds was
recorded, well in excess of the nominal 20,000-pound
design capacity of the anchor.

The embedment depth for the anchors ranged
from 8 to 30 feet. Maximum pullout resistance
ranged from 3,500 to 27,000 pounds. Discounting
the low pullout reading on anchor Al because of the
evidence it had been heavily loaded by an entangled
trawl, the peak pullout’range was from at least
19,000 pounds for leg L2 that parted during pullout
to 27,000 pounds for the construction moor anchor.

The sediment samples from the flukes of the two
recovered embedment anchors were very different
from one another. As discussed in the site investiga-
tion section the evidence shows considerable areal
variability exists in the sediment ar the SEACON 11
site. The site variability probably caused the
significant differences in embedment depth attained
by the flukes.

The 16,500-pound clump anchor performed
satisfactorily. There was no evidence of significant
lateral movement of the anchor during the implant
period based on acoustic transponder navigation fixes
obtained periodically. The vertical perimeter keying
skirt, which was designed to provide lateral stability,
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t1gure 3-10. Precision depth recorder record of pinger on mooring line during puliout test. 3

A

Difference between two distances marked on record indicates anchor penctration
depth,

appearcd to have embedded evenly as evidenced by with a trawl, prevented determination of maximum
the mudline on the clump. The mudline also indicates pullout resistance for it.
the clump did not scttle significantly. In fact, at some c
UmP . g 4 ’ . 3. A large variation in anchor embedment depth
locations on the perimeter, the mudline was not quite ) -
. occurred  which was probably due to the wide
even with the bottom of the 7-foot by 8-foot basc s . . .o
T . variation in sediments present at the site. This did not
plate, apparently indicating the vertical load was . . .
. . : . . appear to seriously affect anchor holding capacity.
being carricd by the perimeter skirt and only part of

the base plate arca. 4. An oversight during implant which allowed one
anchor reaction vessel to remain on the mooring line
Findings and Conclusions appeared to cause no damage to the line.
[

o . 5. The embedment anchor for the construction moor
L. The cxplosive ecmbedment anchors were very . . .

. \ . ! was able to sustain repeated dynamic loads estimated
convenient to install and provided a satisfactory moor to be in excess of 10,000 pounds with no advers

. . . . e in excess o unds wit adverse

for the SEACON 11 trimoor and single-point construc- ! P
. . cffect on the moor.
tion moor for a 2-ycar period.

. 2. Two of the three embedment anchors cssentially  Recommendations
met or exceeded the nominal 20,000-pound holding
capacity goal for the anchors and met design goals for 1. Continue development of the explosive embed-
the SEACON 11 structure, Bisturbance of the third  ment anchor so that it can be used in the Fleet in
anchor, apparently due to entanglement of leg L1 other than very exotic applications,

e e L I R e R PR SR ey 3 N R har L LT

4t e N A WA R A AR Pt

. o - . o wm L R A BRI I R T T L T
R U T R I T Lo Lot b ot 5 5 o £ e o i




R

VAT R ST

- - A 4 " i I Sttt et |

Depth in Sediment (ft)
>

30 b et

NN Y —

5 10 15 20 25 30

Pullout Load (kip)

Figure 3-11, Load-displacement record for short-term
pullout test on mooring line embedment anchor.
Record indicates embedment depth is 30 feet and
peak pullout load is 27,000 pounds.

2. Continuc obtaining ficld data on explosive embed-
ment anchor performance to allow more confident
application of short-term test data to expected long-
term anchor performance,

3. Continue obtaining ficld data on explosive
embedment anchor performance under dynamic
lcading conditions, varying the loading frequency and
the ratio of dynamic load to expected maximum
long-term pullout oad.

BUOYANCY AND INSTRUMENTATION
HOUSINGS

The SEACON It trimoor had four major
buoyancy clements: one at the upper end of each leg
(node buoys), and one at the top of the crown hne
(crown buoy). Additonal buoyancy was provided by
the instrumentation hous:ngs located in-line and in
the node buoys and crown buoy.

Design Criteria

‘The major buoyancy clements were required to
be highly reliable against failure due cither to over-
stressing or slow leakage. Failure of any of the four
major buoys would have been catastrophic to the
SEACON 11 experiment. The four major buoys were
to be spherical, because it is the most efficient shape
to resist hydrostatic pressure and the least expensive
to design and fabricate. The net buoyancy of the
node buoys was to be approximately 1,700 pounds
cach, and it had to remain constant (within 1%) over
the 2-ycar design life, since accurate knowledge of the
buoyancy was essential to a successful validation
experiment. It was also desired to minimize the node
buoy size so that the drag force on the buoys would
be a small percentage of the total drag on the struc-
ture. A cavity in the interior of the buoys was
required to contain instrumentation housings.

The instrumentation housings also had a require-
ment for high reliability against leaking or being
overstressed. However, a single failure would not be
catastrophic to thc SEACON 11 experiment because
of redundancy and clectrical isolation of the clec-
tronics canisters. Minimizing size and weight,
providing a convenient shape for packaging the clee-
tronics, and designing for case of access to the
mntenor of the housings were all considered important
design criteria.

Concepts Investigated

Syntactic foam and steel were the two prime
material candidates for constructing the node buoys.
Both matcrials would result in buoys approximately 5
feet in diameter that could casily be designed to
accommodate the instrumentation housings. The
foam buoy posed more problems in terminating the
cables than the steel buoy did. However, syntactic
foam appeared less likely than steel to sustain a
catastrophic failure. A syntactic foam matcrial that
could be fabricated into buoys at a cost comparable
to stecl buoys was found. Althcugh the manufacturer
claimed less than 1% water absorption, users of the
foam had experienced considerably more than the 1%
[3-3]. Because unknown buoyancy change duc to
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Figure 3-12. Node buoys being delivered to CEL pressure vessel for pressure tests and
buoyancy measurements,

water absorption was unacceptable, it was decided to
fabricate the node buoys from steel, using fabrication
and testing methods that would give high assurance of
integrity.

Based on the same reasoning as for the node
buoys, it was also decided to fabricate the crown
buoy of stecel.

The choices of shapes, materials, and configura-
tions for instrument housings narrowed quickly. To
be in concert with the mechanical guidelines adopted
for design, it was decided to fabricate the housings of
steel. A eyhindrical shape with one removable end was
also selected as the most convenient  form
packaging and accessibility to the electronics,

for

Buoyancy and Instrumcentation
Housing Descriptions

The node buoys (Figure 3-12) were 5-1/2-foot-
diameter steel spheres, weighed about 3,000 pounds

in air, and had a nct buoyancy in scawater of about
1,700 pounds. The crown buoy was an 8-foot-
diameter steel sphere, weighed approximately 5,000
pounds in air, and had a nct buoyancy of about
12,000 pounds, All the buoys were designed and
fabricated according to the ASME Boiler and Pressurce
Vessel Code, Section VI, Division 1. This required
full penetration welds inside and out, x-ray inspection
of all welds, and hydro-testing of the completed
buoys.

Lach node buoy contained a closed-ended cavity
in which the node instrumentation canister was
located. The crown buoy had a pipe through the
center for stowing the crown buoy instrumentation
canister: this pipe also acted as 4 strength member
through the buoy, The cable termunation canisters
(Figure 3-13) were bolted to the battom of each node
buoy to make the buoys more stable during implant.
Twe horicontal arms and one leg were attached to
cach termmation canister i a bail joint connection:
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Figure 3-13. Cable termination canister mounted
on node buoy. tlydrophone visible at base of
canister. Three DYNA-GRIP ball joints
terminate at canister.

the clectrical cables were fed through the middle of
the ball joint to the instrumentation housing.

The cylindrical instrument housings, which were
located at the node and crown buoys, were designed
with dual O-rings - onc barrel and one face seal - on
their covers to increase refiability against flooding.
Single barrel scals were used on the housings that
were less critical. All of the housings were pressure-
tested prior to installing the clectronics to further
insure against failure,

The design and performance of the corrasion
protection system for the buoys and housings are
presented in Appendix A.

i s i il i ek i A 3 A ST i Y e a Y

Results and Discussion

After the node buoys were delivered from the
fabricator, the access hatches were removed to
inspect the O-rings and O-ring surfaces. It was found
that these arcas had not been protected when the
buoys were sandblasted prior to painting. The result
was scrious pitting of the O-ring grooves. To correct
the problem it was necessary to weld the hatches
shut. Despite this initial problem all of the buoys
performed satisfactorily. No evidence of overstressing
on any part of the buoyancy assemblies was noted,
and no water leakage occurred. As noted in Appendix
A no significant corrosion was found on any part of
the buoyancy clements. Terminating the cables at the
bottom of the node buoys worked well. The buoys
were stable in the water, and no tendency to twist or
cntangle the cables was noted.

Ail but onc of the 11 instrument housings
performed satisfactorily. As discussed in the implant
description one of the midline hydrophone canisters
leaked as soon as it was installed and quickly flooded.
Later inspection determined the leak was probably
duc to an improperly tightened bulkhead clectrical
penctrator. There appeared to be no fault in the
design of the housing. The housing located in the
crown buoy was opencd and closed and instalied
morc than a hundred times without sustaining any
leakege.

Findings and Conclusions

1. To mect the design criteria, stee! was selected as
the material for the four major buoyancy clements in
the SEACON 11 structurc. A serious drawback to
using the other major candidate, syntactic foam, was
its water absorption.

2. By using the ASME Boiler and Pressure Vessel
Code, Scction VIIL, Division 1, buoys were designed
and fabricated that maintained structural jntegrity
and did not leak during an installation pericsd of
nearly 2 years,

3. The design of the instrument housings, which used
both double and single O-ring seals, worked
satisfactorily. The crown buoy canister with a double
O-ring scal was opened and closed in excess of 100
times without leakage occurring,
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Recommendation

Syntactic foams that are presently available on
the market should be evaluated to determine how
well they meet manufacturers’ claims and what
development cfforts, if any, should be supported to
reduce cost and improve quality control.

SECTION 3 — STRUCTURE RESPONSE
MEASUREMENT SUBSYSTEM

‘The instrumentation for the SEACON 11 structure
was designed to measure the response of the structure
to the ocean cnvironment expected at the site. The
measurement  accuracies of the instruments were
specifiecd based on the results of the parametric
analysis described carlier. Instruments were located at
all major nodal points on the structure and at a
limited number of intermediate locations to com-
pletely define the response of the structure.
Redundant mecasurements were provided to insure
sufficient data would still be obtained in the event
some equipment failures occurred.

The instrumentation was designed to make three
types of measurements automatically as often as 4
times per hour: acoustic position, pressure (depth),
and tension. The three-dimensional acoustic position
measuring system was the primary scurce of response
data for validating the computer program. The
pressure or depth scnsors were designed to provide
redundant data as a backup to this system. Tension
measurements provided an independent  backup
mcthod tc determine structure response in case the
acoustic positioning system did not operate or did
not mect accuracy requirements.

The response measurement subsystem included
not only the instruments for making the desired
measurements but all of the supporting cquipment,
including control and recerding hardware and power
cquipment,

DESIGN CRITERIA

The design criteria for the structure response
measurcment subsystem are:

The three-dimensional location of the posi-
tioning stations on the structure should be
measured to a relative accuracy over a period of
days of £1 foot.

® Pressure at instrument stations should be
measured to a relative accuracy of £0.25 psi
(approximately 0.6 foot).

® Tension should be mecasured to a relative
accuracy of 5 pounds.

® All data to be automatically recorded once cach
hour with the capability to decrease cycle time
to 2 or 4 times per hour. Each complete scan of
data should requirc less than 5 minutcs.

® A capability should be provided to obtain
position data from sclected stations at
30-second intervals,

® Data rccorder and as much other clectronic
cquipment as practicable should be housed in
crown buoy canister, which is SCUBA-diver
rccoverable for servicing.

® The recording, control, and power system
located in the crown buoy should operate 2
minimum of 1 month unattended at a sampling
rate of 1 cycle per hour.

® The power cquipment, cxcept that portion
located in the crown buoy. should operate
unattended for 2 years with automatic cycling
once cach hour.

® The overall system power must have
sedundancy and also be capable of operating on
surface-supplied power. Individual instruments
need not meet requirements set for the overall
system,

MEASUREMENT EQUIPMENT
Acoustic Positioning

The acoustic positioning nctwork was designed to
measure the slant range distances from three acoustic
projectors (P1, P2, and P3) 1o cach of seven hydro-
phones located at data acquisition canisters A
through G (Figure 3-14). To achicve a relative
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Figurc 3-14. Location of SEACON I instrument statjons,

accuracy of better than 21 foot from ane measure-
ment cycle to the next over a long period of time, it
was necessary (o take three types of measurements-
gross distance, refined distance, and sound veloctty.

Gross Distance Measurement. The gross distance
measurements  between the projectons and bvdro-
phones were accomplished by using an acoustie pulse
technigue in which the transnnssion of a pulse from
cach projector to cach hydrophone is timed. Figure
3-15 shows the sequence of events thai take place in
making this mcasurement.

To produce a pulsc at a projector, power 15 first
applicd to a g signal generator located i the
crown buoy canister. At ume T, the unung swgnal
generator supplics a positive voltage output signal for
a period of 100 ms (Figure 3-153). The sagnal s
processed and uwsed to control gates such that a
frequency-modulated, 14,5k elestrical output of a
voltage-controlled osallator (VEOY s applied to one
oi the projectors (Fgure 321500 through  the

) PRI A S et

projector cable. At the projector. the signal s
converted fram an clectnieal to an acoustical signal
and is projected (Figure 3-15¢).

Also. at time T, the timing signal generator
activates a frequencey  cvele counter which starts
counting the 10-kilz signal generated by the tuning
signal generator The count  centinues until the
projected acoustic signal reachies the listening hydro-
phone at ume T,. where it is converted to an
clectrical signal, amplified, and transmitted to the
crown buov camster through the LM cables (Figuee
3-15d). the leading cdge of this signal from the
hydrephane is ased to generate a “stop ume’” pulse at
ume T, (Figure 3-15¢c). This pubse signals the cycle
counter to stop countmg and 1o record the number of
eveles counted during the tune between start and
stop pulses. The number of cvdes s comerted to
time. These time measurement and sound velocity
data are used 1o compute the slant rznge distance
between projector and hvdrophone to an accursey
better than 230 fect
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100-ms hurse of 14.5-kit,
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from signal generator to projector

100-ms burst of acoustica

tite required for acoustical encrgy 1o travad
from projector te hydrophone

(1)) L6

I encrgy from projector to hydrophone

—ly

(c) >

100 burvt of 14.5-kHz from hydrophone to discriminator input

——

“stop time” pulse

R 24

disesiminaror-output-to-phase comparator

Y T —45 Y T
To T, + 100 0w Ty T ¢ 100 me
Time

Bigure 3-¥3. Gross distan

Refined Distance Mcasurcinent. A phase
companison technigue was utilized to reduce the error
inherent in the gross distance measurement. A
100-Herts square wave from the timng signal
generator modulates the 14.5-kHe signal to the pro-
jector and is also applied to one input of 1 phase
comparator. The medulated pulse 1s transmisted by a
projector, seceived at a hydrophone, transputted
clectrically 1o the crewn buoy canister, and apphed
to a discrinunator as described under the gross
posstion  measurement scction above. The dis-
criminator strips the 13.5-hH. carrier signal and
applies the 100-Hertz signal to a second input of the
phase comparator, as shown n Figure 3-15¢. As the
negatine going edge of the 100-Herts sygnal from the
timing symal generator goes through sero, the phase

43

I R L)

ce meastirement signals.

comparator output gors high (sce Figure 3-16). As
the negatne going edge of the discnminator cutput
goces through sero, the phaw comparator output goes
low. The resulting phase comparator output 1s a series
of ten pulses with the peak duration of cach puis
cqual to the phase difference between the two mputs
to the phase comparator.

To accunately determine the average phase
difference, the number of cycles of a 100-k1, signal
18 counted dunng the periods when the phase
comparator s at its peah. This count is taken over a

s penod, as shown i Figure 16, The total
number of cyeles counted 1s cquivalent to a period of
ume measured i crements of 1075 second. Each
merement s, thus, equal to s travel distance i water
of approusmately 005 foot, which becomes the
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100 Hertz From Timing Signal Generator to Phase Comparator
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phase conparator output /
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Phase Comparator Qutput

L
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gocs low at sero crosings
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1040-hieres Disersminator Qutpus to Phase Comparator

i

-+
[ wycles of 300 kHz signal counted
while phase comparator output
is high during this 60-ms period,
and recorded immediately
i L
Ty Ty e 25m T+ 85me Ty ¢ 100 M0

Time

Figure 3-1o. Phase measurement signals used to determine phase difference between transmitted

acousuc signal and uming signal.

theoretcal sensiznaty it of the phase measurement
system. The resulting count ranges between © and
0000 depending on whether the two inputs to the
phase comparator are exactly in phase or as much as
360 degrees out of phase To obtain the totl
“refined” slant range distance between a projector
and hydrophone, the number of full 100 Hertz oyvddes
(10-ms periods) determined dursng the gross dintane
measurement s added to the tme shift of the
100 Hertz signal deternunied by the phase comparison
rechmque. “Tins total time represents a veny precise
measurement of the ume required tor the acoustie
wgnal to travel between an acoustic projector and
hydrophone.

Sound Velocity Measurement In onder to
comert the tme for the acoustic pulse to travel

between 2 projector and hy drophene o the distanes

betwewn them, the average sound veloaty over the
transaussion path must be hnown, For this reason a
means to accurately determine the average sound
veloaity between the bottomi, where the acoustic
projectors were located, and 500 feet below the water
surface, where all but one of the hydrophones were
statoned, was guased, The distance between pro-
rector P3 (see igune 3 14) 9n the clump anchor 2n:l
kydrophone I+ on the crown line was accurarely
measured before nstallation. The taut crown line
moor was desgned 1o have ar excursion of less than
* 1.0 four vertalhy under the highest current profile
expected ar the siwe. Dunng cach data-taking evele
the transnussion time for the acoustie signal between
projector P2 and hydrophone F was measared. With
known nmz and distance the average sound velocity
between 500 feet and the bottom could be
calculated
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Pressurc Measurement

Pressure transducers were located at cach acoustic
node A through G (sce Figure 3-14) to provide
redundant data for caleulating structure position.
Each transducer was subjected to pressure at the
water depth at which the hydrophones for deter-
mining acoustic position were located.

To ucquire pressure data, regulated DC power was
applied 10 a bridge-type pressure transducer. The
transducer output was amplified and applied to a
voltage-to-frequency converter. ‘The converter output
signal was amplified and transmitted to the crown
buoy canister through the EM cables.

The cycles of the incoming signal were counted
for 0.5 second and recorded. Two scconds after
power was applied to the pressure transducer, a
calibrate resistor was shunted across one arm of the
transducer bridge. The resulting change in bridge
output caused a change in frequency output of the
converter. The cycles of this signal were also counted
for a period of 0.5 sccond and recorded. The change
in cycle count due to the shunt calibrate resistor
provided a calibration constant for use during data
reduction.

The six pressure transducers at A through ¥ are
rated at 350 psi. while the one at G s rated at 1,000
psi. The transducer manufacturer claims a repeata-
bility of £0.03% of rated output, which corresponds
to approximately $0.2 foor and $0.6 foot,
respectively. To take advantage ot the high degsee of
repeatability and to avoid error duce to any non-
lincarity. the 350-psi transducers were calibrated in
CEL's pressure facility over the range of 170 to 270
psi, which corresponds to the cepected range, Based
on the calibration, the relationsiip of the change in
output frequency of the comverfer due to change in
pressure on the transducer, 1o the change in
frequency due to the shunt resistor was established,
The relationship remains constant regardless  of
changes in power applied to the transducer or changes
in amplifier gain,

Tension Measurcment

Tenston transducers were Jocated at five pomtions
on the structure  at the emds of alt three aables

termnating 4t acde 8 Gogure 3 14), 5t the node D

NY

end of the delta cable between A and D, and at the
bottom of the leg terminating at the cdump anchor
(1). The tension transducers provided an independent
method for validating the analytical computer model
should the positioning system  fail to operate as
designed.

Because no off-the-shelf transducers switable for
this application were found, CEL designed and
fabricated the transducers in-house. A desersptien of
the transducer developed is provided in Appendix B.
The tension clement is a hollow steel tabe with stram
gages in a bridge configuration. To provide the
sensitivity to achieve a £5-pound relative accuracy,
the steel tubes were made very thin and were
designed to fail at a load of 2,500 pounds. In order
for the twension cells to survive, maxtnhum tenstons
(static plus dynamic) had to be kept to 2,000 pounds
during implant. Since the breaking strength of the
cable (approximately 25,000 pounds) had to be the
weak link in the system, the tension cells were
designed with a fail-safe collar to take up the load of
the tension measuring tube failed,

Three-hundred-and-fifty-ohm gages were used o
allow sufficient voltage 1o be applied to the brdge to
obtain the desired output signal while conserving on
power. The procedure for measuring and recording
the tension sensed by the tension transducers and for
calibrating the transducers was the same as that used
for the pressure measurement.

TIMING, CONTROL. AND RECORDING
Timing Equipment

The crown buoy dectrontes cant -ov wa. designed
so that comolete data evcles coulu oo taken auto-
matically once eich hour, half-hour, or quarter-hour,
A full cxdde of mease-cinents, mdduding recording,
required 3 mintwes 34 seeonds,

The time penods and sequence of measurements
were controlled by signals from the tnung signal
generator located in the crowa baov clectromes
cannter (see Figure 3-17 for block diagram). As dis-
cussed carhier, the unung agnal gencrator also
furmshed o 100-Herty square wave 1o frequency -
modulate the 14.5-kH, VCO, and 2 10k, and
H0O-hE, signal for measuring distances between
the projectars an ! the hvdrophones
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power to
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T formarer 2nd digital recorders
c.o.ck~ Jdata signal frequeney eyede counter )
activated 1
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Ni-Cad
battery
data signal conditioning
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A \ A projector signal controller -g—]
projector signal genceator |
V T : Lo projecton
1 o data acquisnition canisters
| from RPG

Figure 3-17. Block diagram of crown buoy clectromes.

Turn-On of Data Acquisition Equipment

Power was dedayed 15 seconds 1o the tnung
signat generator after the crown buoy camster equip-
awent was energized 1o allow the resonant reed
ccaders to come up to full power Fach data
dcquinition cannter was tamed on by a ypeafie fre-
quency genersted By oan encoder Immediately after

power was apphied o the tnmg signal generttor, a

positive voltage autput of 1.5 seconds duration was
furnished. “The signal was processed and applied to
gates, which caused an enceder output to be sppited
w all data acquivion arasters through  the
conducton of the FM wbles. The data acquisition
camister turned on approsematelv 40 ms atier the
encoder signal was apphed 1o the M cable. Figure
318 the bloch dugram o the data acquisiion
camsters, and Tigure 3419 shows o typrcal data
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sampling scquence. Two seconds after a data acquisi-
tion canister turned on, the data sclector energized
the hydrophone for € scconds to receive the in-
coming projector signals. Following this. pressure and
tension data were collected at 2:second intervals.

Electrical Zero ..

After all distance, pressure and pressure calibra-
tion, and tension and tension calibiation measure-
ments at one data acquisition canister were
completed, the input to the transducer amplifier was
shorted. The system was designed such that with the
nput shorted, the amplifier had an output signal
from the voltage to frequency converter. This signal
was designated clectrical zero. The cycles were
counted for 0.5 sccond and recorded. Any change in
the clectrical zero reading had to be applied as a 7ero
shift to the pressure and tension calibratien data used
in data reduction.

Tum-Off of Data Acquisition Canister

After the clectrical zero measurcment was com-
pleted, the data acquisition canister would turn itself
off. In addition, a turn-off signal was sent to the data
acquisition canister from the crown canister during
the fast 2 scconds of the time allotted for taking data
from that canister. The turn-on signal for the next
data acquisition canister to be interrogated was also
of a frequency that would turn off the preceding
canister. This redundancy insured a data acquisition
canister could not be left on to drain the power
sources.

Turn-Off (End of Cycie) of Crown Buoy Canister

The last signal generated by the timing signal
generator was conditioned and applicd to a relay. The
contacts of the relay were maintaned closed by a
capacitor discharge circuit for the period of time
required for the crown canister to reset to the
quicscent condition. If the signal from the tming
signal generator did not reset the crown camster, a
clack-operated switch provided a contact closure to
generate a reset signal cach 15 minutes.
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Verification of System Operation

The pulse from the timing signal gencrator that
reset the crown canister was also used to advance a
stepping switch. The switch made contact, thereby
applying voltages from a divider circuit to the input
of a voltage-to-frequency converter. During the data
recording period, the cycles of the converter output
signal were counted for 0.5 sccond and recorded. The
stepping switch was reset every 8 hours. The record :d
count was uscd to verify the system operation during
cach 8-hour period and to relate time of day to cach
data cycle.

Data Acquisition Canister Identificarion (Location)

In addition to rccording data from the data
acquisition canisters, the cycles of the encoder signal
used to turn on the data acquisition canisters were
counted for 0.5 sccond and recorded. During data
reduction the count verified which measurement
station the subscquent recorded dara came from.

Redundant Data Transmission Lines

Each time the data acquisition canister turned
off, a pulse was gencrated that connccted the line
driver to a different conductor in the EM cables. The
three conductors in the cables were scanned in
sequenice to assure an open or shorted EM cable con-
ductor would not result in the loss of all data. The
encoder signal that turned on the canister was applied
to all three conductors to make sure the canister
could tum on cven if two of the three EM cavle
conductors were shorted.

POWER

The heart of the power system was a 10-warnt
radivisotope  thermoclectric generator (RTG). The
umt, which weighs 645 pounds. is 2 SNAP-21
supplied by the Naval Nuclear Power Unit. The gen-
erator s fucled by strontwm 90 i titanate form and
is contaned i a 16-nch-diameter, 28-inch-high pres-
sure hull with a pressure raung of 10,000 psi. Power
1 provided at 48 volts DC regulated.
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data acquisition turn-on
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Figure 3-19, Typical measurement sequence at 2 data acquisition canister sensor station.

As shown in Figure 3-20, the RTG, which was
located in the clump anchor, charged capacitors at
each of the three acoustic projectors and the Ni-Cad
battery bank located ir the crown buoy canister.

Since the RTG supplied the overall system power
and its failure would be catastrophic to the SEACON
fl experiment, a backup power source was also pro-
vided. A 520 ampere-hour lead-acid batzery with an
output at 48 volts DC was located alongside the RTG
in the clump ancho:. Should the RTG drop below 28
volts, the lcad-acid battery would be switched in
automatically. if the RTG voltage returned to
normal, it would be switched back on line auto-
maticaily.

A 4 ampere-hour Ni-Cad battery pack located in
the crown buoy canister was trickle-charged at about
150 ma to supply power for operating the clectronic
cquipment in the crown buoy canister,

A third meaas for supplying power to the system
should the RTG/lead-acid battery combination fail

it et

was via an umbilical to a surface vessel. Should
unattended power be desired, addivonal batteries
could be placed in a housing and attached to the
crown buoy by SCUBA divers.

Figure 3-20 shows the distributed power used at
cach of the cight data acquisition canister stations
serving the acoustic nodes and pressure and tension
sensors. The power at these stations was supplicd by
primary mercury cells, which, of course, are not
rechargeable. Since cach data acquisition station was
completely independent, the failure of onc would not
result in any other failures. Therefore, this distributed
power system met the design criteria.

RESULTS AND DISCUSSION
Performance of Acoustic Positioning System

Bias Errors in Gross Distance Measurements. The
time measured by counung cycles of a 10-kHs signal
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Clump Anchor Charging System

1. Radioisotope thermoelectric generator (RTG)
2, Lead-acid battery bank (backup)

Ni-Cad
butery crown
bank buoy
(RTG-charged)

A = acoustic node battery
(primary cells)

projector no. 1

projector no. 3

capacitance
energy storage
(RTG-charged)

Figure 3-20. Power system for SEACON I1.

during the period between start and stop pulses was
in etror by the time required for the projector, the
hydrophone, and discriminator to respond to applied
signals. Bench tests showed that the stop count pulse
signal was generated up to 0.8 ms after the leading
edge of the 14.5-kHz signal was applied to the dis-
criminator. Compared to this delay, the time required
for the signal to travel over the transmission wires and
the crror caused by phase shift of the 14.5 kllz was
insignificant. The total of all errors always causes the
time measured between start and stop pulses to be
longer than the true time required for the acoustic
signal to travel from projector to hydrophone. The
field data show the crror to be a bias of approxi-
matcly 2.0 ms, which represents a bias in slant
distance measurement of about +10 feet,

Bias Errors in Phase Measurements. The use of
zero crossing of the ncgative going cdge of the
100-Hertz output of the discriminator introduced an
error in the phase measurement, The error was caused
by the inability of the VCO, the projector, the hydro-
phone, and the discriminator to respond to a change
in input signal in zero time. The VCO, the projector,

and hydrophone responded in a short time compared
to the discriminator. Since they all started to respond
at the same instant, cancelling the erfor caused by
slow response of the discriminator canceled the entire
error.

A bench test was performed to measure the
magnitude of the ¢rror. The output of the VCO was
hardwired to the discriminator input. When the dis-
criminator output was applicd to the phase
comparator along with the timing signal, a serics of
measurements of delay time between the signals was
obtained. After more than a thousand mcasurcments
were completed, the count of cycles of the 100-ktiz
signal was found to be 1,200 212 Hertz. The 1,200
Hertz was a phase shift or time delay due primarily to
slow discriminator response time. This bias error was
accounted for during data reduction.

Random Errors in Acoustic Position Mecasure-
ments, To assess the amount of random crror in the
acoustic distance measurements, data from acoustic
node F on the crown line were analysed. This
location was chosen hecause it was desygned to
remain a constant known distance (within 11 foot)
from projector 3 at the clump anchor.
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Figure 3-21. Comparison of pulsc and phase measurements taken between projector P3 and
hydrophone F over 2 24-houf period.

Figure 3-21 is a plot of the puise time measure-
ment between P3 and 1 during a typical 24-hour
period, On the same plot is the pulse time measure-
ment refined with the phase data. A smooth curve
through the phase measurements is sinusoidal with a
period corresponding to tidal cycles. One possible
explanation for this perivdic change in travel time is
that the average sound velocity between 500 feet and
the bottom is changing about 1 fps in 6 hours. This
probably is not the cause since other measurements
between P2 and I made a month carier exhibited the
same sinusoidal variation but shifted 0.4 ms higher,
which indicates the change in average sound velocity
in 1 month was only 2 fps. Also, calculation of sound
velocity made from physical data collected at the site
on 8 June 1972 and again on 26 September 1975
showed the average sound velocity changed only 2 fps
in 3 ycars. Thus, it appears that the average sound
velocity at the deeper levels of this basinal site is a
very stable property.
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tnsicad of the sound velocity changing, it is
belicved the sinusoidal variation in travel time
between P3 and F is due to the currents, dominated
by tidal currents, causing a small catenary in the taut
crown line. As the currents increase, the catenary
increases, and the distance between P3 and F
decreases as much as 2 feet (0.4-ms travel time).

Because it appears the change in sound velocity at
this sitc is a relatively long period phenomenon, a
constant value of sound velocity was used to reduce
the acoustic position data. Sound velocity was
caleulated using the measured distance between P3
and F and the peak acoustic travel time when it is
believed the smallest catenary existed in the crown
line. This approach may introduce a small bias of 2 to
4 feet into the absolute position measurement duc to
the bias crror in sound velocity. However, it is
believed this disadvantage is offset by the significant
reduction in the magnitude of random error in posi
tion measurements.
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Figure 3-22. Comparison of pulse and phase acoustic distance measurement scatter about

datum made by smooth curve

To examine the relative accuracy atwained with
the acoustic position measuring system for both pulse
and phase measurements, the data presented in Figure
3-21 werce converted from time to distance measure-
ments using sound velocity. The variation of the pulse
and phasc data about the smooth, sinusoidal curve
drawn through the phase data is presented in Figure
3-22. This is a measure of scatter for the pulse and
phasc data. As can be seen from the plot, the scatter
in the pulse data is about 22 fect, while the scatter in
the phasc data is fess than 0.2 foot, This 0.2 foot is
only four times the theoretical limit of sensitivity
(0,05 foot) of the phase measurement system based
on the frequency level and data sampling time used in
making the measurement.

When the effeet of this 0.2 foot of scatter in the
distance measurement between one projector and a
hydrophone is combined with the measurements
from the other two projectors to a given hydrophone
to compute the three-dimensional relative position of
the hydrophone, the resulting position is accutate to
about £0.35 foot. It is believed this level of accuracy,

v o a S,

through phase data.

better by a factor of three than the design goal, is
borne out by the orderly behavior of the measured
position data presented in Chapter 6.

Opcrational Experience With Acoustic Positioning
System. Although thc acoustic positioning system
aceuracies exceeded the design goal considerable diffi-
cultics were experienced in reaching this level. The
major problem was caused by reflected acoustic
signals from the bottom and surface that triggered the
stop time circuitry prematurely at the receiving
hydrophones.

This was recognized as a potential problem and
was addressed carly in the design process. The timing
of the system was based on the assumption that the
reflected signals would be sufficiently damped after
three reflective periods to avaid interference. This
assumption turned out to be crroncous; the reflected
signals were not attenuated as rapidly as expected.
The result was premature stop times at the hydro-
phones caused by the receipt of strong reflected
pulses from a previous projector signal. The prablem
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was especially difficult and time-consuming to solve,
because the times and amplitudes of the incoming
reflections varied with sea conditions and because
sach step in solving the problem had to be checked
ot site from a simall boat.

The small boat was muored to the crown buoy,
and communication was cstablished with the struc-
wre clectronics through an clectrical umbilical cable
brought to the surface by divers. To further com-

were obtained. None of these data had signals from
more than two of the three projectors, since 1 had
quit operating soon after the structure was implanted.
Data from nodes B, £, F, and G were obtained fairly
reliably. No acoustic data were obtained from node
¢, because the hydrophone failed to respond soon
after implant. Acoustic daza from node D were not
avalable on about e first half of the data collected,
and node A acoustic data were missing on much of
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#
5 pound the problem, during one of the carly checkout  the sceond halt. Pressure data were reliably recorded »‘2
-f v cruises the mechanical mooring parted, and the clec- from all nodes, and they provided the backup posi- :’g
b trical umbilical was ripped out of a yunction box on  tioning data nceded due o projector P1onot 1?‘
»_ : the crown buoy 60 feet underwater. This ininated 3 operating, 3
; , series of attempts to make underwater cable repairs When the data were reduced, the pulse data were

which coincided with the effort to solve the signal
timing problem.

Numerous other clectronic problems added to the
difficulty in obtaining geod quality data. These
included periodic erratic behavier of the digital con-
trol and recording equipment n the crown buoy
canister, mterference from  noise generated by

found to be quite reliable; however, mucin of the
phase data were erratic, which indicates noisc was
getting into the system. Using only pulse data to
determine ecursions of the nodes through tidal
cyvcles resulted in relative position accuracies of about
13 feet. With curve smoothing this could be improved
somewhat, but it still would not meet the design goal

AR NSNS R I L RN AR

clectronic equipment in the crown buoy canister,  of 21 foot needed to validate the computer program

% # damage to cquipment in the canister due to handling 1o the level desired,

% *g aboard ship at sea, and the corrosion effects of the With a sigmficant amount of daw. in hand by

. sea epvironment during troubleshooting at sea, Often October 1975, 1t was decided to make one iast all-out 3

7 it was difficult to determine if failure to get good  ceffort to collect the best data possible from the :2

data was due to shorts in the underwater clectrical  system. Up to this pomnt only partial repars had been E

: , splices, problems with the crown buoy dectronies made on the dectrical cables which joined at the 3

unit, or interference from the reflected signals, crown buoy. No attempt had been made o repair %E

L The acoustic reflection problem was eventually  projector P1 for fear that more damage mught be g

e solved by adding circuits to gate out Al incoming  done to other equipment that was working. E:

L acoustic signals until approximately the time when In November 1975, 13 months after the SEACON ¥

A the “good™ signal should arrive. The gates were B structure had been smplanted, the rewinng «f the

S apened at least 40 ms (equivalent 1 approximately  projwctor cables, crown line cable, and umbilicar cable

I L 200 feet travel distance in seawater) before the  at the crown buoy began. Four -day cruises were E

2 incoming signal was expected and were left open o required to perform this entical operation. 1t was 3

E insure the “good™ signals would not be blocked out.  completed on 9 December 1975 wath 13 undersater ;
! After implant was completed. it took approni-  clectrical sphces beimg made successtully by CELL

b mately 7 months before the pulse measurement  divers. On 11 December 1975 0 new current meter 3

portion of the system worked with reasonable  string was mstalled at the ste, and data taking began :

p- reliability. An additional 3 months were required to with the crown buoy camster aboard the 70-fom

% get the phase measurement cquipment operational. fishing vessel fo Vade, which was moorad 1o the

Numerous data-taking attempis using the auto  crown buoy. Between 5 and 19 December, with one

: matic mode with the crown buoy canister housed i nterruption tor a storme, approvemately tous 24-hour

the crown buoy were made dunng the 6month  days of daa on a 1Smunute ovching rte were

,; period after the pulse measurement equipment was  recorded Good pulse and phase data were obtaped

B operationud, Duning this period approvmately sixteen  for ait nodes except A and G wath alf three projecton

- 24-hour days of data recorded at 172-hour mtervabs  operating. The analvsis of these data o vahidate the
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Figure 3-23. Acoustic time between projector P1 and node B during dynamic relaxation cxperiment.

analytical design program is presented in Chapter 6.
As discussed carlicr, position accuracy with the phase
system and all three projectors operating cxceeded
the design goal for the positioning system,

Since good quality position data on the response
of the structure to ocean currents had been collected,
a bonus experiment was run. On 19 December 19785,
some 15 months after the SEACON 11 structure was
implanted, a2 dynamic relaxation experiment was
performedd A grapnel was engaged with the structure
at node buoy 2 (hydrophone B) apex of she delta.
‘The delta was then putled sideways in the direction of
anchor A2, until it was displaced about 300 fect
laterally (1,500-pound load on the grapne! linc). The
grapnel line was then released, and the position of
node B was measured at 30-sccond intervals. Figure
3-23 is an examplce of the acoustic time data between
projector P oand the hydrophone at node B as the
structure relaxed to its equilibrium position, The data
appear to be of excellent quality and arc being
analysed and reported on separately (Reference 3-4).
At the stan of the fourth relaxation test all of the

sensor stations on the delta went dead. 1t is believed
that the ground connection to the mechanical wire at
node A was broken by the tests.

Performance of Depth Measurement System

The depth measuring system  provided very
necessary data during the long period when projector
P1 was inopcerable. 1t also provided redundant data as
a means of checking on the accuracy of the acoustic
positioning system.

Biss Errors in Depth Mcssurements, The initial
comparsison of predicted depths 1o measured depths
showed the measured depths of all nodes to be con-
sistcntly shallower than the analytical predictions.
The entire method for reducing the pressure sensor
data was reviewed to determine of any discrepancics
existed which might cause such a bias. Onc was
located. s discussed carlier, the pressure sensors
were calibrated in CEL's pressure facility. The vessel
pressure was sensed in the vessel head, while the
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sensors being calibrated were at a depth of 15 to 20

feet down in the vesscl. This coused 2 15t0-20-foot  Redundant Depth Data. During the period when all
bias in the calculation of depth measurement. Using  three acoustic projectors were operating, the depth
the zero pressure calibration data taken in air before  data provided redundancy that could be used to
the sensors were placed in the vessel removed the

15-t0-20-foot bias.

Since this change did not make up for all of the
discrepancy between measured and predicted depths,
it was decided to obtain indcpendent depth meacuee-
ments acoustically. This was accomplished by

stationing one vessel at the crown buoy to manually for acoustic node D. The center pusition is
turn on the hydrophores whil: another vessel determined by the acoustic ray distances from cach
positioned itself over each of the acoustic nodes in  of the projectors, P1, P2, and P3. Using these data,
turn and sent 14.5 kiiz signals down, The difference  the calculated depth, z, is 430.7 feet, which is 3.3
in time between the first bottom reflection and the  fect less than that measured with the pressure sensor.
first surface reflection to reach a node gives an The other three positions calculated with the
accurate measurement of twice the node depth. When  measured depth, /. and two acoustic distances aircle
the tide is taken into account, a depth corrected to  the position calculated solely from the acoustic data
mean low low water (MLLW) is obtained. Fairly good at a radius of about § feet. These are typical data
agreement was found between the depth determined  which appear to indicate that the depths of the sensor
with the new zero pressure data and the depth stations arc correct in an absalute sense within a few
soundings. The depths of nodes A and C could not be  feet and the acoustic projector positions are correct

measured  acoustically because their hydrophones  within § to 10 feet relztive to one another. Note that

were not operating. However, B agreed to the ncarest  the above data indicate the magnitude of constant

1 foot, D within 2 feet, E within 14 feet, and G crror or bias which should not be confused with the

within 5 feet. Despite this agreement, the initial  relative positioning accuracy over a period of days of
depth predictions were still somewhat deeper than  *1 foot.
the revised measured dasa showed. 1t was found later

that the depth predictions were in error due to  Performance of Tension Measurement System
incorrect assumptions about penetration depths for

anchors A1 and A2, as discussed carlier in this
chapter.

Acoustic Position Determination Using

AL

S darE e

assess the absolute accuracy of the entire positioning
system. This involved not only the crrors which exist
in the acoustic position and depth measuring equip-
ment, but the accuracy of the positioning datz on the
three acoustic projectors on the seafloor,

Figure 3-25 shows four x-y positions calculated
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Only two of the five tension cells survived the
implant. Figurc 3-26 shows wo of the failed thin-
Jom Errors in Depth = Sin walled tubes as they lo‘okcd after the structure was

. .. . ..~ recovered. The three failed cells were located on the
the change in position of the structure (including its

T Y A AT PR D
-

. Sy delta arms, with the two undamaged cells loczted at
depth) follows 2 tidal cy<le. one can provide insight .

B . ’ cach cnd of leg 1.3 which connected node A and the

3 into the random crror of the depth sensor data by . .
- S oy * clump anchor. Based on the location of the failed

: cxamining the variation in depth with time at 2 node units. it is strongly suspected they were overloaded

B sensor station, Figuze 3-24 s a plot of typical data ) £ pected they” were oves

[ 4

. . during the removal of the flooded sensor canister
obiained from the depth sensors during low current
. e from the delta arm between nodes A and 8 i Phase
velocity periods when the structure is fairly . . .
. " . " WV of the implant. For a short penod the implant
quicscent. From these data it appears the random .
. R " vessel was moored to the stretched-out delta, and its
crror is gencrally about 0.5 foot or less, This exceeds . .
. . . loading may have cxceeded the 2,500-pound failure
the design critena set up for the system, It is about | i
. .. . ’ ioad for the cells. After Phase IV the Inad ccfl at the
twice as hig as that claimed by the sensor manu- \ .
. c top of leg 1.3 always had higher tensions on it than
facturer. This is reasonable because it represents the . y
N . any of the celis on the delta arms and vet 1t survived,
random crror from two wnsors in series since node F ’ ’

T AR T I Y e e

. .. Because tension measurement was 2 backup to
depth data are used tc correet for tides. In addition ) . Pt
¢ \ the acoustic position measuring sy stem, sts high fail-
node F moves vertically somewhat as discussed . ) .
carlier ure raic did not senowldy affect the validation
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Figure 3-26. Instrumented tension links failed
by overloading during implant opcration,

experiment. The two units that did sunive the
implant worked weil and demonstrated a good design
for an in-line, undersea tension cell.

With only onc of the three units at node A
operating, there is no method for determining the
absolute accuracy of the tension measurcments.
tHlowever. an idea of the quality and resolution of the
tension data can be gleened from data presented in
Figure 3-27, Typical wnsion data from the ccli
located at the top of keg 1.3 at node A ts plotted over
a 36-hour period. As with the data from the other
scnsors the period of the cyckes are tidal duce to the
character of the currents. From the curves it appears
the random crror is much less than the design goal of
5 pounds.

Performance of Power System

The RTG performed without problems for the
cntire 22-month implant period. The equipment cven
sunvived the shorting of the power leads to seawater
at the crown buoy when the umbilical cable parted.
The backup lead-acid battery was not uscd.

R L kR LA S d i St b oS £ 00 S e o L R S /8 AP X e Sl i St

Some problems were experienced with the Ni-Cad
battery pack in the crown buoy canister. On one
occasion part of the battery circuit was shorted to the
pressute casc, draining the batterics and causing a loss
of data. Also, periodicaily some bad cells were found
and had to be replaced.

The mercury cells used in the distributed power
system performed well during the 18-month period of
active use,

FINDINGS AND CONCLUSIONS

1. The pulsephase acoustic position mcasuring
system proved capable of making position measure-
ments with a relative accuracy over a period of days
better than the £1-foot design goal.

2. The precise behavior of the acoustic signals used in
the positioning system was misjudged. and thereby
presented a2 scrious and tinwe-consuming obstacle to
overcome in order to obtain goed quality data.

3. Despitc major obstacles cncountered, sufficicnt
position data of high quality were collected to mect
the goals for validating the computer program to the
desired level of accuracy.

4. The depth measuring cquipment met the design
goal for accuracy and proved to be a valuable adjunct
to the acoustic positioning system.

5. The tension ccll developed by CEL for indine use
n underwater cables produced good quality dats
shich met or exceeded the design goal for accuracy
and scasitivity. However, the tension-measuring
member proved so fragile that only two of the five
cells sunvived the implant.

6. The clectronics in the underwater sensor stations
proved to be highly reliatde.

7. The crown buoy clectronics proved less reliable,
probably duc to the scvere handling and corrosnc
covironment expenenced during numerous tnps from
laboratory to harbor to site and bach. The farlure rate
of the clectronic cquipment i the crown buos
camister was se high that 1t was unablic (0 meet the
design goal of 1 month unatiended implant.

K. The power system. especially  the RTG and
mercury batteries, prosed to be veny rehablz
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Figure 3-27. Tension sariation at top of feg 1.3 at node A during 36-hour period.

9. The analysis of the redundant position dara
indicates the measured acoustic prejector positions
were accurate to within S to 10 feet relative to one
another.

10. The position measuring system met the design
goal of taking position data at 30-sccond intervals. It
was also successfully used to collect data in a
dynasue relaxation experiment performed wath the
S$EACON H structure,

RECOMMENDATIONS

1. In operations such as SEACON 1, in which
complex and precise clectronic controls and measure-
ments are made on undersea hardware, the control
and recording should be done frem cither a shore
station with a cable to the undersea hardware or from
4 stable plattorm with gowd lab space moored aver
the undersea site.

. L0 annllk
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2. The pulsc-phase acoustic position measuring
svstem developed by CEL is recommended for use
where precise  three-dimensional position measure-
ments are required.

3. The tension ccll developed by CEL provides a
good dcsign for a cliable undersea unit for measuring
cable tensions. To prevent premature failure of the
tension link, cither a larger factor of safety should he
used in designing the hink or some method should be
provided to prevent overloading the link.
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SECTION 4 — CURRENT MEASUREMENT
SUBSYSTEM

DESIGN CRITERIA

The parametric analysis presented earlier con-
firmed current measurement accuracy to be one of
the two most critical parameters in the program
validation effort. As shown in Tablc 3-2, an accuracy
of 1.0 cm/sec for velocity and 4 degrees for
direction corresponds to an equivalent accuracy of
0,10 for the pacing parameter, Cy. This, along with
other considerations, were used to cstablish the
following design criteria:

® The accuracy of the cument measurement
system must be 21 em/sec for velocity and 4
degrees for direction in the range of 5 to 35
cmi/see with 2 current velocity threshold of 2
cm/sec or less.

® Sufficicnt measurements must be made over the
arca occupicd by the structure to determire
arcal variability of current speed and direction.

® Sufficient mcasurement stations must be pro-
vided to define the current depth profile from
400 feet to the bottom within system accuracy
requirements.

® The current meters must be sclf-contained, be
capable of recording current measurements at
least once cvery 10 minutes for 2 minimum
installation period of 2 months, and have 2
timing accuracy of £2 scconds/24 hours,

® The current meter moors inust be designed to
be casily and reliably deployed and recovered.

® The top of the curfent meter strings must be
sufficiently deep to sot be significantly
affecied by ocean surtace conditions at the site.
A surface buoy must not be used to mark their
position.

CURRENT METERS
Selection and Description

Electromagnetic-, acoustic-, and rotor-type meters
were all investigated to determine the best sensor
type for high accuracies at low velocities. In the
statc-of-the-art at that time (1973) the rotor-type
meter appeared to best meet the requirements.

In discussions with various users of current
meters, the Aanderaa Recording Current Mcters
RCM-4 and RCM-5 were recommended as being the
most accurate and, most of all, the most reliable.
Bascd on other user information, CEL experience,
and a survey of the market, a commitment was made
to use Aanderaa meters for the bulk of current
measurements during the SEACON [l experiment.

The Aanderaa instrumenis (Figure 3-28) arc
designed to measure water current speed, direction,
and temperature with options that include depth
(pressure) and conductivity. These parameters are
measured and recorded according to 2 prepro-
grammed sampling scheme.

Current speed is sensed by a Savonius-like rotor
that drives a2 potentiometer via a2 magneticaliy
coupled follower and gearbox. Current dircction is
scnsed with 3 vane and fluid-damped magnetic com-
pass. When the compass is to be read, a contact is
clamped against a wire-wound resistance ring.
Measurement of cach sensor output is achieved by
scquentially switching cach output into an auto-
matically controlled bridge-balancing circuit, the
heart of which is a rotary encoder. The digitized data
arc recorded on magnetic tape. The sampling interval
is controlled by 2 solid-state timer driven by an
oscillator that is controlied by a quartz crystal. The
timer accuracy is specified to be £2 sec/day. Several
sampling intervals are available with 10 minutes being
standard.

Evaluation and Calibration

Due to the stringent accuracy requirements for
the SEACON 1l current measurement system, CEL
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Figure 3-28. Aandcraa current meter being
installed. Speed retor is located on top of
pressure housing. Vane aligns with current
to provide directicn reference.

decided a thorough cvaluation of the Aanderaa meter
was required. CEL requested the U.S. Department of
Commerce, National Occanographic Instrumentation
Center (NOIC), Washington, DC {3-5], to determine
the speed and direction accuracies for the Aanderaa
meters, especially at low current velocities (0 te 35
cmm/sec). NOIC performed an evaluation, and it issued
an Instrument Fact Sheet [3-5) that contains a
summary of the test results,

The results show that, in the low speed range (0
to 50 un/sec), the nonlinearity was 0.8 emi/see. In
addition, the sum of a quantization e¢rror and
potentionseter error 3t the 10-minute sample time
had 2 worst case wetal of 1.6 em/sec with a 6,000: )
rator gear ratio. Because the current velocities at the
SEACON I site were in the Jower half of the low

speed range, it was decided to use a 1,200:1 gear
ratin, which significantly reduces the errors due 10
quantization and potentiometer lincarity. With the
lower gear ratio it is estimated the total error in speed
in the range of specific interest to the SEACON 11
experiment to be about £1.0 em/sec.,

The compass evaluation showed a nonlinearity of
$2.5 degrees, which can be corrected by individual
calibration of each compass and a nonrepeatability
of #2.8 degrees. Added to this error in compass
direction is the crror in vane alignment with the
current at various current velocities. This crror ranges
from about £7.5 degrees at § cm/sec to 24 degrees at
10 em/sec to 1 degree at 35 cm/scc. Current speeds
that significantly displace the SFACON 1i structure
are above 10 cm/sec; so, in general, the direction
inaccuracy of a2 meter with 2 calibrated compass in
the SEACON 11 flow speed regime could be expected
to be less than £6.8 degrees.

To avoid the error penalty associated with com-
pass noslincarity, 2 compass calibration facility was
set up at CEL, and all Aandcraa meters were
calibrated at 10-dcgree compass intervals.

MOOR DESIGN

In order to detect and measure any arcal
variability in the current specd and direction at the
SEACON 11 site, the decision was made to surround
the structure with three current meter strings. Each
string was to be located approximately 700 feet out
from the center of cach of the three delta arms,
which placed the strings about 1,600 fect apart.

There was littic experience to draw on in deter-
mining the depths at which meters shouid be placed
to accuratcly define the current profile and to avoid
missing any shear currents that might exist. Due to
the meager data collected on currents during the site
investigation phasc, it was not known how much the
current velocitics changed with depth. However, it
was known that the measured velocities at the
1.050-foot depth were as high as those at SO0 feet,
and it was suspecred that the velocities would drop
off sharply belfow the basin sill depth of 2,400 fect.
To obtain more information on the profile at deeper
depths as well as to check out a new moor design, a
current meter string  (Figure 3-29) that included

[ A Y P

%
g
]

o

ot 3t LT E A b

£y et

ol

o ey * LS N RER A b A i e WSS et ot Ty

AT

R T

|
)

ot




PR

i
H
3
I

. e
- e

. AR R

bty lme s

2

meters at 1,450 and 2,200 feet was installed.
Unfortunately, when the string was recovered, it was
found that the velocity data at the 2,200-foot depth
were no good. The velocities at the 1,450-foot depth,
however. were found to be as high or higher than
those at the shallower depths.

Another factor went into determining the most
cfficient distribution of meters in the vertical diree-
tion. The buoys and delta cables produce a large
percentage of the sotal drag force on the structure. In
addition, the structurce response is much like that of 2
cantilever beam; a unit of force produces a larger
displacement the higher up it is applicd on the struc-
ture. From this information it was obviously
important that the currents at the delta clevation be
well monitored by meters. Below the 500-foot level
meters were spaced approximately in a Jogarithmic
fashion. with spacing increasing as depth increascd.

After the structure was installed, threé strings
containing 19 mcters were implanted. Since only
13 Aanderaa meters were available to CEL, six-other
meters of various types and vintages were used. The
older meters were concentrated at the lower levels,
which were considered less critical, in case they
failed.

The moor design used during the structure
implant was bascd on the successful design evolved
during the site investigation phase and is described
bricfly in Chapter 2. The major change was to mmove
the surface spar buoy and to place the top subsurface
buoy approximately 400 feet below the surface to
decouple the moor from surface action.

To increase the probability of a moor releasing on
acoustic command, dual AMF acoustic releases were
used between the anchor and the hottom redundant
buoyancy. A dual release bracket was developed so
that both releases would be recovered if cither of the
acoustic releases was activated, The bracket, Figure
3-30, uses a lever arm arrangement so that only 2
small percentage of the foad is casried by the releases.
When cither of the releases is activated, the level arm
falls down, releases 2 captured pin, and aliows the
shackle to fall free of the bracket.

To aid in locating the moor after it surfaced, a
Xcnon flasher and radio direction finder transinitter
were attached to the top buaoy,

Two of the three stnngs were made of 1/2-inch-
diameter  braided dacen dosigned for very low
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stretch: the third was made up of 1/4-inch-diameter
wire rope. The two types of mooring lines were used
in order to investigate the effects of dynamic
behavior of differeat moors on meter performance.
The moors were designed for deploying the anchor
first because of the need to precisely control the final
implanted position of cach string.

VERIFICATION OF IN-SITU CURRENT
MEASUREMENT ACCURACY

Two methods were devised to venfy and improve
accuracy of the insitu curreat measurements.
Redundant meters were jocated at the most critical
depths to provide a crosscheck between meters.
Averaging these redundant data also improved overall
accuracy for the current measurement system.

A second method used to verify the accuracy of
the cumrent meter measurements was the tracking of a
neutral float device (Figure 3-31) A submersible
transponder was inzorporated into a device that could
he made neutrally bucyant at a predetermined depth.
The buoyvancy of the deview was adjusted by
increasing or decreasing its weight so that it would
free-tall until the buoyant foree of the object was
opposed by an equal gravitational force at the desired
operating depth. The device was aliowed to drift with
the current stream through the arca occupied by the
structure and the current meter strings, and its moeve-
ment was monitored by the acoustic transponder
navigation cquipment at the SEACON 11 site. Then,
by an acoustic command that causcs a ballast weight
to relcase, the device was returned to the surface for
weovery.

Buoyancy was provided by two titamuum spheres
capable of operation to pressures in excess of 5,000
psi. These spheres were coupled together and
supported the negatively buovant components of the
devices.  An AMF model 322 recoverable acoustic
transponder. which wius set up for  submersible
teacking in an acoustic navigation net, permitted the
ncutral float device o be accurately tracked. The
transponder also provided the primary means for
recovery with its acoustic release mechanism.

An alternate reicase mechanisms was included on
the float as a backup for the acoustically actvated
squib release on the AME moded 322, The alternate
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Figure 3-31. Neutral float deviee developed to
measure currents in-situ.

release was a timed device which activates the firing
circuit for an explosive bolt at a preset time. The time
may be set from 0 to 12 hours at 15-minute
increments. Should the primary release mechanism
fail, the floatis tracked by acousue methods until the
preset time cii the alternate release has clapsed; at
this time an explosive bolt is fired to release a ballast
weight, which allows the float to return to the sur-
face.

‘The ballast weight, which was made of steel, con-
sisted of two separate parts. About half of it was
attached to the primary release on the transponder.
The remainder was attached to the alternate release
mechanism. Fine adjustment of the buoyancy of the
float was accomplished by adding or removing lead
shot from the weight bucket on the alternate release
device.

A submersible RDF transmitter was attached to
the device to assist in locating the float after nt
surfaces. This transmitter activates just prior to
reaching the surface and can be tracked with a
hand-held direction finder.

To achieve neutral buoyancy at any depth, the
device must first be made neutrally buoyant at the
surface at O psig, and then adjustments to the device's
net weight must be made to correct for the com-
pressibility of the device and for the changing water
density as a function of temperature, salinity, and
pressure. ‘The effects of temperature and salinity are
determined by taking an §TD profile at the site and
figuring density from a T-$ diagram. The cffects of
increasing hydrostatic pressure were determined by
measuring the changing weight of zhie device as it
hung on an instrumented canulever beam inside a
pressure vessel.

RESULTS AND DISCUSSION
Velocity and Dircction Accuracy

Figure 3-32 1s a plot of typical current speed
versus time records for two meters Jocated at a depth
of approximately 500 feet and separated a distance of
3 feet vertically, The measurements agree with one
another generally better dhan the 21-cm/see accuracy
goal for the measurement system. Figure 3-33 1s a
plot of direction readings for these two meters during
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l |gurc 3-32, ‘Comparison of typical current speed data measured by two Aanderaa meters

scparated 3 fect vertically. at a depth of 500 feet.

.

-time pcnod The direction readings
aboiit-equal:to the design goal for the measurement
system.

‘Good agreciment between two nearby meters, of

~course, does not assurc they are-measuring speed and

dircction accuratcly. Something in the system, such
as moor motion, could apply a large constant error or
bias-cqually to both meters. In order to verify the
meter readings, the ncutral float was passed through

“the general area where the current meter string was
Tocated.

Figure 3-34 shows the trackline for onc of
the neutral float passes. Note that, at its closest point,
it was about 2,500 fuect laterally from the current
meter string. The float started at a depth of about
383 feet and generally edged deeper as it crossed the
site, reaching a depth of 454 feet just before it was
recalled to the surface. Figure 3-35 compares the
speed and direction data from the meter at 400 feet
with thosc from the ncurral float. During the period

when the float was close to 400 féet, the speed
readings agree within about 3 to 4 em/sec tn a total
velocity of about 25 em/sec. Direction measurements
agree within 10 to 15 degrees. Neither the level of
agreement between the ncutral float and meter data
nor the location where the data were taken are close
c¢nough to be able to certify the exact accuracy of the
meter data. However, considering the distance
between the measurements, the agreement is guite
good and would appear to indicate that there are no
factors at work seriously biasing the meter darta.
Based on these results it appears that individual meter
accuracy in the ocean is about 21 c/sec for speed
and £5 degrees for direction at velocities above 10
cm/sec.

Areal Variability at the Site

Three current meter strings were placed around
the structure to determine whether large vanation of
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Fagure 3-33. Comparson of ty pacal current direction data measured by two Aanderaa meters
separated 3 feet verteally at a depth of 500 feet.

currents over the area exasted. Fagure 3-36 shows
typical current speed data coliccted by three meters
at 4 depth of 500 feet on the three separate strings
located approvimately 1,600 feet apart. Generally,
the range of readings 1 about 1 to 1.5 am/sec over a
G-hour perod. This s about twice the variation that
was seen on the two meters adjacent to one another
on a single strng. this appears to indicate some small
areal variability m the speed of about £0.75 cm/sec m
the vicimty of 10 to 12 em/sec currents. The
direction variation (Figure 3-37) when the seloaty
was above 10 ¢m/see appedrs to be about £5 degrees,
shghtly more than the previously deseribed results
with two adjacent meters. However, data from the
o adieent meters on string no 2 (bgure 3 37)
agree within £1 to 2 degrees.

Based on these results it was concluded that areal
vaniabihity at the site for both specd and direcuion was
small, 1t was decided a more producine use of the
meters would be to marease the number on a single
sining 1o better define the vertieal profile at the site.
In addinon the total number of meters could be cut,
this alfowed exdusie use of the Aanderaa meters,
which greatdy simphificd the data reduction process,

Startng wath the third set of current meters
mstalled after the structure was mplanted. only one
sting contuming from 10 to 11 Aanderaa meters was
used. Because of the mgjor effect of the currents
acomg high up on the structure, the metens were
generally spaced 100 feet apart frony 400 to 960 teet
amdt then placed i aloganthmie spacing to the deeper
depths, Meters were doubled up ar the 400- and
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Table 3-4. Current Meter Performance

bt eI DI AN TS . ICT P D F S TR BT DR S B DS v i ot et o e £ S e e S

No. of Meters
. No. of No. of Collected
No. of .
Implant No. . Days Aanderaa Good Data
Strings
Impianted Meters
Velocity Direction
1 1 33 4 3 4
2 3 74 13 11 12
3 3 79 13 11 12
-+ 1 64 10 9 10
5 1 49 10 9
6 1 63 11 9
7 1 42 11 8 9
60 65
Total 11 40 72
Fotals + (83% (90%)
5.000 i I b M L iR bt
current
meter string
17 Jun 1975
4.000 I 1200 PDST / 1
n ~ 2,500 ft
(‘(I(l‘a[ nl),-“ . /
3,000 L Tack o N
= 17 Jun 1975
> 1610 PDST
2,000 L R
1.000 }- -
111 U TN ST AU SR S L o e ]
-3.000 -2,000 1,000 0 1.000 2.000 3.000 4.000 5,060
x (ft)

Figure 3-34, Trach of neutral float passing through SEACON 11 site at a depth ranging from 371
to 466 feet. “Track line 1s 1 acoustic transponder navigation svstem coordinates,
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Figure 3-35. Comparison of current speed and direction determimed using neutral flost ranming
between 378 and 454 feet deep. and Aanderaa current meter at a depth of 300 feet

500-foot depths to insure data recovery at these ven
criticai depths and to provide redundant readings to
increase accuracy of the measurement system,

Meter and Moor Performance

The primary factor m meter performance 18 how
much of the time is good data being coilected. Tabie
3-4 shows the number of Aanderaa meters nstalled
and the number that collected good veloaty and
direction data dunng cach of the seven implants,
Good velocity data were obtwned from 83% of the
meters installed, with good direction data fram 90%
of the meters Compared to past CEL expenence as

well as that ot many other current data colicctors,
this 1s a very good average. As reported in Chapter 2,
good current data were colieeted from only 43% of
the meters mstalled durmg the SEACON 11 site
nvestigation phase.

Only two significant problems were encountered
with the Aanderaa meters, One was 2 corrosion
problem, and the other was i getung the tension
properly adjusted for the data tape take up spool

Atter the thard impiant the mchel plating on the
cases was found to be peeling off, and the case
masertal was corroding. Fo correct this problem the
rematung  plating was sandblasted  off the vase
exteriors, and an epony pant system was used to
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1,600 feet apart laterally.

protect the cases. This worked well, and, after four
additional implants, the cases were still in good con-
dition.

The spool tension problem was found after data
were reduced from the first implant. The tensioning
was modified to correct the problem.

The moor design worked very well. All 11 current
meter strings installed were successfully recovered.
The hackup release had to be employed on rwo of the
11 strings recovered. None of the buoys or meters
flooded. The implant and recovery operations were
accomplished very efficiently from CEL's L.CM-8
boat. Typical time required to install the 2,500-foot-
high moor with 10 or 1} current meters was 2 hours.
Approximately 1-1/2 hours were needed to recover
the moor. By using the ATNAV positioning system,
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Figure 3-36. Current velocity versus time from three meters at a depth of 500 feet spaced approximately

no problems were experienced in positioning the
moor to avoid cntanglement in the structure.

Neutral Float Performance

The ncutral float. which performed remarkably
well, provided good current data at the SEACON 11
site for comparison with the recording current meter
data. The only significant problem experienced was in
getting the device to the exact depth  desired.
Typically the device became neutrally buoyant some
20 to 50 feet above or below the target depth where a
meter was located. This made it difficult to compare
velocities measured by the two techniques. The worst
case was when the device stopped too shallow; at
least some comparisons could be made of the device
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Figure 3-37. Current direction versus time from four meters at depth of 500 feet.

passed through the rarget depth, as occurred in the
run presented carlier.

In seven runs made with the device, no significant
problems occurred with the hardware. The primary
rclease method worked each time, and recovery on
the surface was routine using the transponder and
radio positioning systems on the device.

FINDINGS AND CONCLUSIONS

1. It appears the speed measurements for the indivi-
dual meters are accurate to 1 cm/sec and the diree-
tion measurements are generally accurate to about 5
degrees when speeds are above 10 emi/scc.

2. The arcal variabilizy at the site appeared to be on
the order of 1 em/see for speed and £3 to § degrees
for direction when speeds were above 10 envsee. This
negated the need for thres current meter strings.

3. It is believed the system accuracy mects or
approaches very closely the desired accuracy of 21
cm/sec for speed and £4 degrees for direction,
Situations where the system probably does not  t
this level of accuracy are when significant shears
occur between meters (as is discussed in Chapter 5)
and on dircction measurements when the speed is
helow 10 em/sec.

4. The Aanderaa meters along with the moors that
used a CEL-developed dual release bracket and AMF
acoustic releases performed very rehably. All 11 of
the moors were recovered, and the backup release had
to be used only twice. The meters collected good
velocity data 83% of the ume and good direction data
920% of the time.

5. The neutral float device operated well and pro-
vided a means for calibrating the current meters
in-plice. However, difficulty was experienced n
getting the device to float at the precise depth
desired.

.. e o
AL . s A2 i P E S

T O R

cow g mrinan Ldrc

ikt ey capyiled

T T vt ey S TS

ot s s 2

R AT

2

PR
AR

i
:
%
i
i
i
)
7
:
£
;.2
3
!




oo — T AR T
" kaat -8 4, -
- oy o priiak e il
WW‘W%“‘M’@@H’W s LA RN
o QRN T x
Y Y ¢ A2 AL

RECOMMENDATION

The successful current moor design technigues,
which incorporated redundant buoyancy, redundant
releases with a refined design for a dual release
bracket, and rcliable meters, such as the Aanderaa
RCM-4 or RCM-5, are rccommended for use in all
instrument moors where high reliability is required.
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CHAPTER 4

IMPLANT OPERATIONS

Implant of the SEACON Il structure began with
the installation and survey of the acoustic trans-
ponder navigation system on 30 July 1974 and was
complcted approximately 6 weeks later on 12
September 1974 when the current measurement
system was installed.

SECTION 1 — DESIGN

CRITERIA

The fellowing criteria were established  for
designing the implant procedures to insure a highly
reliable, flexible, safe, and ultimately successful sea
operation would occur:

® Implant should be from a single ship to avoid
difficult communication and coordination
problems inherent in a multiple-ship operation.

® Implant operaticns and cquipment must be
designed for a maximum sea-state-3 condition,

® A multiphased installation plan with convenient
stopping points must be developed so that the
sca operations could be conveniently
interrupted and the portion of the system
alrcady installed protected should adverse
weather or cquipment problems occur. Each
phase should be able to be accomplished in less
than one day and be reversible in order to
repair cquipment if problems occur.

® The phases should be designed so that they
could be combined for more efficient operation
in event of good weather and no equipment
problems.

® At-sea clectrical connections and splices should
be mimmized. Preassemble the electrical system
i the largest assemblies feasible, and perforn

® A means for monitoring and testing the clec-
trical system during implant must be provided
so corrective measures can be taken, if
necessary, before proceeding to successive
phascs.

® The implant procedures must permit optimum
positioning accuracy.

® The implant procedures must allow realistic
at-sca training and practice to be conducted.

& Safcty must be emphasized in the implant pro-
cedures.

CONCEPTS

Based on the outline of implant criteria, several
implant concepts were formulated in February 1973,
The sclected concept was integrated with the system
design to insure the hardware design and instailation
plan would be compatible. Between Februan 1973
and July 1974, when the final operations plan was
issued, six separate iterations were made to the
implant plan. The final version of the implant plan
was included as part of a comprehensive operations
plan for the SEACON I structure [4-1]. In additon
to the step-bystep procedures for msralling the
structure, the plan contained detailed information on
site propertics, navigstion systems, schedule,
personncl responsibilities, contingeney plans, com-
munications plan, and hasard analysis.

EQUIPMENT

The CFL Warping Tug (Figure $-1) was selected
as the mstallation vessel, The wig, fabrcared from
4 x4 x 7-foor pontoons, s 120 feet long with a
35-foot beam. The tug's 2-foor frecbosrd and no
gunnel facintate moving equipment from deck to

cavironmental testing on  these assemblies  water and back, but ot st to operating m a
before implantment. mavimum sea-state-3 cendition, Twin
- kA T e T e it R K Bl 2 - e i e o " by
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Figare 4-1. CFLs warping tug  SEACON H implant vessel.

300-honeponer  diesel engines dene  hyvdraubically
controlled tail sections for propulsion (maximum 35
knots) and mancuvering. Wheel house, winch house,
and hiving quarters are located within the atter super-
structure. The forward open deck (1,700 square feet)
provides adequate space for nggng operations and
mstallanon equpment. The bow Aframe and the
main three-drum winch (located m the winch house)
are designed for handhing up 1o 70,000-pound foads.
A 15-ton deck-mounted crane, which s used for on-
deck and over-theside load handling, s located on
the forward deck. The tug s equipped wath Ifesaving
cquipment, asvgational gear, and quarters for ase
personnel.

A dieselhydrauhic traction wineh (20,000 pounds
Ime pull a1 200 tpm) was selecied to handle most ot
the structural cables The waindh was mounted on the
port sde of the wg's open deckh with 4 $2-dh-
drameter dech sheave mounted under the \ frame

Phree tvpes of nivgaiion systems were emplos ed
during mplant operations. TORANC B and radar were

-~}

"~

wed during transit, and, once on site, the primarny
navigation system was the acoustic  transponder
navgation system CVISAV) LORAC B, whnch was
discussed in Chapter 2. 18 1 ocathy mammtaned and
operated surface radio mavigation sy stem capable of
provuding posstion accuracies of about 250 feet at the
SEACON 1l site. Radar, 1 addiion to navigation,
established the position of the plact vessel with
respect to varous surface buoys, The NEVAY system
prouded a real-ime continous v piot amd vy
pont-out of the posinons of the surface ship and a
midwater ransponder on the atem bane insalled
relive to three botsom-moored and suneved trans-
ponders

CHE'S LOMS boat was selected to provde dner
support and  personnel tramportstion funcoons as
wel as toomplant and suney the ATNAV gstem,
This 74 foot-long moditied Landimg cratt cruses at 14
Knots and s equipped with radar, AM and M radios,
4 LORAC B navgition receiver, ot small A-frame for
ward, and o 1 ton budrashc coerny proher amidshnp

B AL LT N T s b oo S EoE 77 i o S g

i

oy

A S e VAT g 0 O a0 1Ayt s it ey warcn st DOV g 73 A R TS Moot 0 MBI U £



P

ageey S8 St

Zh

e

2
T

&

R

T R

REESEE

YT

(e

R

" —— " ot o NPTy o PN, My ~ Y
T Ton amneT T oL D et L t
i P AN LTS e oo STRYCIEFRERE IR I SO G T R S AN 22N A B D Sty tovk el i e S

Prior to commencement of installation opera-
tions, all critical equipment was tested to insure it
met implant requirements.

PROCEDURES

The implant of the SEACON 1} structure was
divided into cight separate phases, cach of which was
designed to be accomplished in one day or less.
Figures 4-2 and 4-3 show the installation sequence.

During Phase 1 of the operations the LCM-8 boat
free-falls the three bottom-moored acoustic trans-
ponder navigation system (ATNAYV) transponders and
surveys them in. LORAC navigation determines ship
position and is the tic between geographic
coordinates and the transporder net location.

Phase 1 involves the warping tug installing a
single-point moor at the site to be used in the
remaining phases. The moor is implanted with an
explosive embedment anchor lowered from  the
warping tug and fired on impact. A 9-1/2-foot-
diameter by S-foot-high foamed mooring buoy (MB)
is attached to the mooring line,

During Phase il legs Lt and 1.2 are installed. A
midwater transponder attached 50 feet above the
anchor positions the explosive embedment anchors
Al and A2 in the ATNAV coordipate systzm, The
procedure is as follows:

1. Lower anchor to within 150 feet of bottom.
2. Mancuver ship to final position with ATNAV.

3. Lower anchor to seafloor (which triggers the
explosive charge).

4. Load test anchor.

5. Recover midwater transponder.

6. Pay out linc.

7. Attach and deploy temporary buoy (SB1).

Lowering is accomplished with the traction winch,
and buoys are deployed with the crane. During the
deployment of A2 and 1.2, a tag wire is attached o
the buoy on L1 to keep L1 taut and to prevemt
hockling. When A2 and 1.2 are deploved, the
remaining end of the tag wire is attached to the
temporary buoy on 1.2, thus restraining the move-
ment of L1 and L2,

Phase IV involves removing the temporary buoys
on L1 and L2 and installing the three node buoys
(NB1, NB2, and NB3), two EM dcla arms, and L.3.
The three node buoys are connected to the delta arms
at dockside, and the cables are figure-ighted on deck.
This procedute minimizes the number of at-sea
¢lectrical connections. The temporary buoy at 1.2 is
recovered and replaced with NB2., The tag wire to the
other temporary buoy is slacked to relax the moor. A
sccond tag line (buoyant line) is attached to NB2; this
linc is payed out with a winch. Temporary floats are
attached to the delta cable and the buoyant tag line
cvery 150 feet to reduce the deployment load so that
the EM delta cable can be payed out by hand. At L1
the temporary buoy is removed and replaced with
NB1.

After all three node buoys are deployed, NB3 is
recovercd with the crane. With the buoy secured to
the deck, the clectrical and mechanical conncections
of L3 are made. L3 is payed out with the traction
winch while the vessel moves in the dicection of the
construction mooring buoy (MB). The position of the
ship relative to the amount of 1.3 payed out is care-
fully maintained according to precalculated distances
and tensions. Electrical and  clectronic tests are
performed when L3 is payed out. A synthetic line is
attached to the end of L3. The tug moves to the
mooring buoy while paving out this synthetic line. At
the mooring buoy, the synthetic line is hauled in until
the node buoys submerge. A spar buoy attached to
NB3 is used to determine when the buoys are
submerged. When the node buoys are submerged, the
synthetic line is attached 1o the mooring buoy.

Phase V. which is the installaticn of the final
deita arm, is accomplished similarly to the delta
installation by using tag wires on both the buoys and
temporary floats to relieve the strain on the cable
handlers. The delta is again submerged foliowing this
installation.

Phase VI is the most complen part of the sastalla-
tion duc to the heavy weights, multiple lines, and
precise positioning involved. The node buoys are
surfaced by slackhening the synthetic hne between MB
and the end of L3. .\ wire attached to MB is payed
out over the sterp of the vessel, while the synthetie
line 1s recovered over the bow. In this manner the end
of L3 is recovered. The stern hine 1o MB 15 used later
to help maintain staton Jdunng the clump anchor
(A3) postioning. With the end of L3 on deck.
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cleetrical wsts are performed. and the eable is
attached 1o A3, A second boat, the LCM-8, pulls the
crows buoy (CB) away from the tug as the crown fine
is deployed. The end of the crown line is then
attached to the clump anchor, and tinal clectneal and
clectronic tests are performed.

The clump anchor is lifted off the deck with the
ship's wineh and bow A frame. The foad is then trans-
ferred to the grapnel wire on the traction winch.
Before lowering. a midwater transponder is attached
to A3. As A3 is lowered, the tug moves to position
using the ATNAV swstem. The positions of the
second boat and the CB are monitored with radar.
With A3 in position, the grapnel (lowering line) is
payed out and deploy=d.

Phase V11 involves the installation of two pro-
jectors, Divers are used to recover a projector cable
mgtail from the crown buoy, which is 50 feet deep.
Following attachment to the projector cable, the
pigrail is reatrached and strain-relicved to the crown
buov by divers. The ship is positioned over the
implant site using ATNAV. The projector wire is
paved out with a small winch. The projector is
lowered to the bottom, and a release deviee is used to
recover the lowering wire. The second projector is
installed simiiarly.

During Phase VI, three current meter steings are
instalied by controlled lowering {anchor first), The
strings consist of buoyvancy at the top and bostom
tredundant), as well as two release devices located
Just above the clump anchors. Phase Vi completes
the installazion prcess,

TRAINING

Al implant personnel were thoroughly nstructed
m cach phase of the operation. This instruction
wcluded an atsea truming crusse n addines o
bricfings keld aboard shin before even cntical step
during the actual unplast operation

The atsea tranmg on entical phases of the
mstaliation was conducted shoard the Warping Tug
with actudd or well-modeled structure components.
This cruise not only supphicd an opportunsty 1o
smstruct persorne! but abo test the stallitron
techniqaes and equipment.

the tramng cruse was scheduled uss 2 weeks
pnor to the actnal unplant so the experience woukd

70

not be dimmed by a long time lapse. The operation
was vonducted in 300 feet of water which made ship
positioning more cntical than i the actual implant
2.900 feet of water. Figure 4-4 shows training fer the
most critical phase of the implant - the crown buoy/
crown linc/clump anchor deplovment. During this
phase the actual 8-ton clump was implanted, but
without the power and mstramentation equipment
installed.

The operation was scheduled for 2 4-day peried
so that sipmificant problems and delays could be
handled. However, the trmning procceded so
smoothly it was compicted m 2 days. Numcrous
minor changes were made 0 equipment and
precedures as the result of the exercise, but no major
modifications were found necessary, Using the
ATNAV system as a guide for ship positioning was
found te be very comenient and workable ¢ven in
such a shallow water depth.

SECTION 2 ~ SEA OPERATION

PHASE 1: ATNAV TRANSPONDER
INSTALLATION AND SURVEY

Phuse 1. the implant and survey of the acoustie
transponder navigation system (AFNAV), began on
30 July 1974 aboard the 1.CM-8 boat (Ingure 4-5). It
was expected the operation would be completed i
day as noted in Table 4-1. However, 4 weld parted on
a buoy package causing the second of the theee trans.
ponden (o fall 1o the bottom unbyoved. The trans-
ponder still operated. even though it Iy on its ade
and was about 3,000 feet frem s planned impiant
posiion. “The first transponder stalled would pot
turn oft tdisable) on command. nor would i release
The matallaton of the dund transponder and the
suncy part of Phase | were delaved 1 day i order to
assess the situation, 1t was determined that she loca-
ton of the unbuoved transponder, although not
wheal, was sansfactony . and that there was no eneal
need to be able to dissble the ane transponder S on
1 Nugust 1971, e third transponder was installed,
and the three transpondess were successiulh
sunveved  The suna data were angbyred, and
LINAV coordimates were deternined tor the desired
ciithedmont anchor locations
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Figure 4-4. Training for crown line, crown buoy, and clump anchor deployment with CEL warping

tug and L.CM-8 boat.
PHASE 11: CONSTRUCTION MOOR IMPLANT

On 5§ August 1974, the Warping Tug was on site
at first light. The ATNAV system was activated and
checked against LORAC; they did not agree. The
discrepancy appeared to be one green lane on
LORAC, which s equivalent to about 600 feet. How-
ever, it could not casily be determined if the error
was in LORAC or if ATNAV was giving erroncous
positions because the ship was outside the triangle
formed by the three bottom transponders. It was
decided to assume the problem was with ATNAV,
and, thereby, to mplant the mooring anchor using
the LORAC navigation system. If this turned out not
to be the case, there would be a 600-foot error in the
construction moor position, but 1t would present no
scrious problems.

‘The explosive embedment anchor, Figure 4-6, was
wmstalled i a very routine manner. Tension in excess
of 15,000 pounds was applied to set the anchor fluke

and to prooftest its embedment. Then, the remainder
of the moorng line was paid out, and the mooring
buoy was attached and cast off (Iigure 4-7). Phase 11
was completed in about 2 hours, 2 hours less than
estimated in the operation plan [4-1].

PHASE 111: MOORING LEG 1 AND 2 IMPLANT

Atter a weather check indicated  favorable
weather was expected for at least another 4 hours, 1t
was decided 1o proceed with Phase 11,

The Warping ‘Tug was put on a course over the
top of ane of the ATNAV transponders i order to
determine the cause of the navigation discrepancy.
While direetly over the transponder, the one green
tane  discrepanes o LORAC il existed  This
mdicated ATNAV was piving consistent readmgs and
that the LORAC was aither one green lane m error
duning this crinse or sdurning the AFNAV suney cruise
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Figure 4-5, ATNAV bottom transponder being
deployed from LCM-8 boat.

Since the closest LORAC calibration point was at
Port Hueneme Harbor and the possible 600-foot shift
to the northeast in locating the structure did not pose
significant problems, it was decided to proceed with
the implant using ATNAV for positioning. The exact
geographic position of the structure would then ve
determined during a later cruise.

The ATNAV X-Y plotter was located on the
bridge so both the pilot and navigator could sce it.
The anchor was Jowered to within 150 feet of the
bottom initially and then to within 60 feet as the site
was nesred so that the anchor could be quickly
installed once the ATNAV system indicated it was
within the target area. Figure 4-8 shows the ATNAV
position data for the ship and the transponder on the
anchor as the ship attempted to mancuver the anchor

NIt

to the desired location. When it appeared that the
anchor would pass about 60 fect north of the rarget,
the ship’s heading was reversed. It was hoped this
would also reverse the path of the anchor. When
point 11 (Figure 4-8) for the anchor plotted, it
appeared that the reversal had occurred, and the
order was given to lower the anchor to the bottom.
The next three ATNAV interrogations resulted in no
anchor position data. The fourth reading taken about
3 minutes after implant indicated the anchor was
about 120 fect northeast of the target position. The
data points that followed clustered around that
reading, indicating point 11 was a spurious onc. Based
on Figure 4-8, the scatter in the data for the
implanted anchor position appears to be about #5
feet in the y-direction (north and south) and %15 feet
in the x-direction (east and west).

The offset between the actual location and target
position of Al was used to shift the ta-get
coordinates for anchor A2, since only well-controlled
relative anchor positions were important to a satisfac-
tory implant. The Al anchor implant acted as a2
training exercise on “flying” in an anchor to a target
position. The experience gained on this instaliation
was applicd to the implant of the other two anchors
in which position accuracy was critical.

Depth data were also monitored during implant
to determince the depth the ancher had keyed into the
seafloor after it had been set and prooftested with a
10,000-pound vertical load. Figure 4-9 shows
schematically how the fluke embedment depth was
determined.  This indirect method of caleulating
depth was unsatisfactory. A small error
percentagewise - water depth or ATNAV readings
results in a significant error n caleulating anchor
fluke embedment depth,

After the structure was recovered, corrosion
products were found on the anchor cabie attached to
the fluke which indicated st had been embedded in
the scafloor approximately 20 feet, 4 feet deeper
than calculated.

‘The transponder on the anchor line was success-
fully released, and it followed the line to the surface
in about 8 minutes. The remainder of leg L1 was paid
out, and the ¢nd was connected to a temporary moor-
ing buoy. as shown in Figure 4-10. Tius completed
the leg implant and testing, which took about 3
hours.
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Figure 4-8. ATNAV position data for ship and anchor A1 during implant.
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80 ft L
ATNAV transducer

2712 ft ATNAV distance between

acoustically measured * transducer and transponder
water depth: 2,908 ft
(inciuding +4 ft tide)

ATNAV A
transponder

‘
A
i
:
;
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3

measured distance
132 &t between transponder
and fluke

1
caleulated
cmbedment depth 16 ft —phy

anchor fluke (A1)

Figure 4-9. Determination of anchor embedment depth nsing measured water depth and ATNAY readings.
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Table 4-1. Projected and Actual Implant Schedule

Staging «
ABINE and Cruises
Loading
Phase
\!oSL Actual Remarks
e Planned  Actual | Planned
day d: d:
(days) (days) (days) Days Dates
| 2 2 1 2 30 Juland | Buoy failure caused survey delay.
1 Aug 74

[Tand 111 1 1 T+ 1 5Aug 74 Preparation and cruise days matched
scheduie.

IVand vV 1 6 1+ 3 12, 13,and { Extra cruise day due to removal and

16 Aug 74 | repair of node electronics.

Vi 2 8 1+ 14 1 29 Aug 74 | Cruise day matched schedule.

Vi and 1 6 2 2 11and 12 | Cruise days matched schedule.

Vil Scp 74

Total 7 23 6+ 37 9 Actual cruise days cqualed total
planned, including contingency days.
Staging and loading tripled expected
time.

"(,ontmgcncy Jay.

Anchor A2 was installed in a manner simlar to
AL, but it was complicated by three factors. Farst, the
winds and, consequenty, the seas began to increase
after Al was installed, making it more ditficult to
handle equipment over the side and to mancuser the
tug. By the end of the operation an upper sea state 3
existed. Second, tug mancuverability  was further
restricted by having a rag line from the tug to leg L1,
Finally, the ATNAV system began malfunctioming,
thereby causing a loss of two-thirds of all anchor and
one-third of all ship postion dats ponts. figure 4-11
shows the track lines for the ship and anchor. When
point 5 plotted, it appeared the anchor sould pass
north of the target, so the ship heading was changed.
No anchor positions were obtuned  for over 4
minutes, then pomnt 10 plotted on the same counse
indieated by pomnts 1 and 5 Another course change

was ma)  to the southwest to try to pull the anchor
south and slow down its casterly movement. After
one skip, pont 12 plotted which showed the anchor
had passed the sie. The tug was then put on a
westerly course to try 2o pull the anchor bach to the
target. However. 6 nunutes passed before another
good posttion plotted. Then. after one skip. fne good
points plotted, ending with pomt 25 just 35 feet cast
of the target. The g contmued to move slowly cast,
and. when anchor postions for points 26 and 27 were
nussed, the decistion was made to implant based on
extrapolating anchor positions 23 hrough 25,

The first plot after the anchor fired was pont 28,
which appears to be spurtous datum. Then points 32
through 41 were obtamed, which show the implanted
postion 1o ke some 70 feet southeast of the target,
relative to water depth this s anaimplant accuraay of
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Figure 4-10. Deployment of onc of the two temperary mooring buoys that support legs 1.1 and
1.2 during Phasc (11,
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RO 1 i 1 1 I 1 .
7.800 7.900 RANK) R.i00 R200 8.300 K400 8.500

x ()

Frgure 4 11 ATNAV position data for shap and anchor A2 during implant.
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about 2%. The scatter in the A2 anchor position data
appears very similar to that for A1, about %5 feet in
the y-dircection and £15 feet in the x-direction.
Analysis of the ATNAV position data indicates
the distance between anchors Al and A2 was 6,658
feet, which is 62 feet or 0.94% more than the target
of 6,596 feet, .
‘The distance between the ATNAV transducer and
ATNAYV transponder on the anchor line was moni-
tored once again to determine anchor penetration

the middle node buoy, NB3 (Figure 4-13). As each of
the instrument stations preassembled on the arm
cables was reached, it was carefully placed into the
water with the crane (Figure 4-14).

After the entire delta assembly was in the water,
the middle node buoy (NB3) was recovered and held
over the starboard bow. ’!'hc end of leg L3 was
terminated clectnically an A2V 10 Thie DAY,
and then paid out. The ATNAV system was used to

I

3 position the tug during this entire phase. Position
“ » . - . . ~

4 depth. Analysis of the data, using the samie technique  control was especially important durning payout of leg
7 as shown in Figure 4-9 for anchor Al, resulted ina L3 to insure the maximum allowed tension of 2,000

calculated penetration depth of 73 feet for the A2
fluke. This contrasts with visual data obtained with
the CURV 1T submersible, which indicate the fluke

pounds in the leg was not exceeded. Load-
displacement  predictions were used to determine
desired tug position as leg L3 was paid out. The

& Lolope,

SRRt

1 was embedded only about 8 feet. In any case, the  ATNAV system reliably provided tug positon, ne 3

k anchor was successfully loaded to about 10,000  submersible transponder positionng was involved 2

h pounds to set the fluke and insure it would develop  this phase. ;
sufficient holding capacity to anchor the SEACON 11 Once the end of leg L3 was reached. clectnieal
structute.

checks were made on the impianted equipment Al
the clectrical conductors had conunuity, none were
shorted to cach other or to seawater. An attempt was

Once anchor positioning was completed, the sub-
mersible transponder was successfully released and

:

S recovered. The remainder of leg L2 was paid out, made with an oscillator to manually turn on cach of ’
2 buoyed off, and connected to the tag line running to the hydrophone camsters, two of the seven would not g
S the temporary mooring buoy on leg L1 (Figure 4-2¢).  respond. One of these was in NR1, the other on the g
; The deplovment and testung of anchor A2 and feg 1.2 arm between NB2 and NB3. Smcee talure of the ;ig
P required approximately 3-1/2 hours. Phase [1f from  hyvdrophone canisters was unaceeptable, the contn- 2
. beginning to end required 11 hours, 4 hours more  geney plan [+:1], which called for recovery and 3
E than estimated in the operations plan [4-11. repair of the canisters, had 10 be implemented. But
5. first. duc to the late hour, the tag line connecting the
B ¢ end of leg 1.3 1o the construction moonng buoy
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PHASE IV: INSTALLATION OF DELTA

After 1 week i port to comple final assembly
and environinental testing of the delta section and
loading operations, the warping tug put to sea ain
on 12 August 1974, arriving on site at first hght T'he
scas were nearly dead calm only a 1-foor swell and
no wind chop. The forecast was for 6-to-10-khnot

(MB), as shown m lgure 4-2d, was paid out. and the
structure was pulled underwater overmght, The tug
moored on site,
Approsvimately 13 howrs was required to
complete Phase IV nstead of the estimated 8 honrs,
The weather on the morming of 13 August 1974
was excellent with good forecasts for the entire Jday,

o the canister recovers operation was mrtsated, Wath

G AR T A O I DI R K S R R A

% winds and 2-to3-foor scas n the afternoon, wefl  NBY above the starboard bow, the clecineal system
e within bounds for the aperation, was cheched agun. All was pertect after soak-tesnng
‘- tagure 4-12 shows the three node bucas and two rmght except for the two canisters that would not
E: delta arms figare-cighted in boses on deck. The  espond. kinaily, the NBY camster was activated, but
. miplant was made from the starboard side of the tug.  at a2 much higher than designed voltage. since this was
24 beginning with node buoy NB2 as depicted in Figure  unacceptable, st was removed for repair at CFL.

3 +-2d. The canister at the nuddle of the arm between

The first of the 1.000-foot arms, temporaniy
buoyed with pillow floats, was deployed, followed by

NB2 and NB3 was moere difficult to reach since 12 was
submerged about 100 feet. Divers placed 2 buoved
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Figure 4-14. Instrument station on delta arm being deploved.

sheave on the arm near NB3 and passed a tag line to
the warping tug. Using ATNAV for positton coatrol,
the tug pulled the sheave along Tihe a trolly until
reached the canister. The canister was then pulled o
the surface, and the arm was stopped off to the tug
on cach side of 1. The canister was then removad and
replaced with a weight to « mulate the camster. The
stoppers were cut, and the wrm was alfowed to drop
down i a catenan . The moor was resubmerged by
hauling 1 on the teg hne from leg 1.3 and attaching
to the construction moormg buoy. This recoven
precedure required appronimately 8 hours, after
which time the warpmg tug returned 1o Pon
Hueneme.

PHASE V: NUSC DFLTA ARM INSTALLATION
Two davs were required to repar NBES Indro-

phone clectrontes. The madhine canster coudd not be
repared, st had flooded with scawater The warpang

o R AP O S T

tug headed for the site agan on 16 August 1974 1o
remnstall NB1's hy drophone camster and 1o mstall the
third arm of the defta, whick had been provided by
NUSC, New London.

The tag line to the construction mooring buoy
was slichened to surface the delia. The nudpoint on
the arm between NB2 and NB3 was surfaced by the
trolly techmque described carlier. The weght simu
laung the canister was removed, and the dectneal
conductors were resealed using the able sphiang
techmques described in Chapter 3 to insure against
leaks, After the work on the arm was completad. it
was rosubmerged. Then, NBT was recovered, and the
canister was remstatled ot Flecteeal checkhs showed
continity existed throughout the structure, snd Al
canisters turned on,

The repair operaiton was completed by 1230, and
wstal aton of the NUSCarm was imtated .\ tag hoe
was attached from the warping tug to an 830 foat
mechamceti cable pigtad with an eleanaad cabde and
conncctor marnied toatat NBL Fhe o than moved
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over to NB2 while paying out this tag line. At NB2
the NUSC arm was connected mechanically to its
80-foot pigtail. The NUSC arm was then paid out in
the same manner as the other delta arms while the tag
line to NBI was hauled in (see Figure 4-2f). After
arriving at NB1 the clectrical connector was plugged
together, a mechanical connection was made, and
then the stoppers to cach side of the connection
point were cur, releasing the arm.

To resubmerge the structure in a protective moor
as shown in Figure 4-3a, the line from the end of leg
L3 to the mooring buoy was hauled in. When the
structure was properly submerged, the static tension
at the mooring buoy was about 2,000 pounds com-
pared to the predicted 1,783 pounds. The somewhat
higher tension is probably duc mainly o the con-
struction moor being about 600 feet farther away
from the SEACON i1 siructure than was assumed for
the prediction.

Phase V, excluding the repair work, was com-
pleted in about 4 hours time, which is 1 hour less
than estimated in the operation plan [4-1].

PHASE VI: INSTALLATION OF CLUMP
ANCHOR AND ASSOCIATED CABLES
AND BUOYANCY

After spending 1-1/2 weeks in port outfitting the
crown buoy and clump anchor, the warping tug was
loaded and put to sea on 29 August 1974 o conduct
Phase VI of the SEACON 1l implant. Arciving onsite
at first light, the line from thy struciare to the
mooring buoy was first slackened to resurface the
node buoys. A mooring line from the stern of the
warping tug was then paid out, while the hine 1o the
end of leg L3 was hauled in over the bow. Once the
end of L3 was recovered, the clectronies seaward
from the end of 1.3 were checked agamn and found to
be operating well except for one tenston cell. Mean-
while, the LCM-8 boat and CEL divers proceeded 1o
cach node buoy s it surfaced 1o add and subtract
weights and buoyancy material according to a revised
schedule determined by the DESADE  computer
program.

While are welding two protectne pipes for the
acoustic projector electromechanical pigtaii cables on
the crown buoy (see Figure 4-15), a stecl strength

86

member on one projector pigtail was damaged. The
mechanical strength of the member was not com-
promised; however, it was feared that damage might
have been done to the clectrical conductors. indeed, a
continuity check revealed only a 1,200-ohm resis-
tance from the common conductor to ground. Since
the signal and plus power conductor appeared okay
after studying the wiring diagrams, it was decided
that no serious problem cxisted and implant should
not be delayed. The seas were good and the forecast
was excellent, so the decision was made to proceed
with the implant.

For the first time during the implant, close
coordination was required between two vessels. The
LCM-8 boat took the crown buoy in tow as the
crown line was paid out (Figures 4-3b and 4-16). The
L.CM-8 boar had a tension cell on board to monitor
horizontal load. A plot of distance between the
warping tug and LCM-8 boat versus horizontal oad
was used to determine the desired position of the
LCM-8 boat refative to the warping tug to insure the
crown line was nesther too slack or taut. The warping
tug radar provided a digital read-out of distance to
the L.CM-8 boat which made control in this fashion
very  convenient. However, when approximatcly
onehalf of the crown hne had been paid out, the load
cell quit operaung. Therefore, it was necessary to
switeh 10 a hackup methed. A plot was used in which
weal distance betseen the two vessels (equal to 70%
of the length of crown line paid out) was plotted
versus fengty of crown line out. This method was very
comenient o use sinee the crown line was marked
every 100 feet and the warping tug -adar provided
distance data to the LCM-8 boai,

After the end of the crown line was reached, 1t
was vonnected clectnically (seven wires) and mech-
amcally to the clump anchor. This required
appronimately | hour while the 1 CM-8 boat held the
crown buoy off the starboard bow. The clump was
then placed overboard (ligure $-17) wath 2 mudwater
teansponder tethered 12 feet above it and then
lowered to the bottomm on 2 1-1/84nch wire ropc
from the traction winch. The lowenng and mancu-
vering operation (Figure 4-3¢) required
appreximately 1 heur, The clump was held about 50
feet off the bottom until 16 was within about 30 feet
horizontally  of the desired focaton, then 1t was
lowered 10 the bottom. However,

once on the
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bottom, crroncous response times were received from
the unbuoyed transponder because the direct path
between the midwater and unbuoyed bottom trans-
ponders was being shadowed. The result was
inaccurate clump position data. Since it was cntical
that the precise final location of the anchor be deter-
mined, 1t was decided o resurface the anchor and
lengthen the tether line on the midwater transponder
1o 70 fect, which would place st high encugh off the
bottom to obtain accurate posiion data. An adds-
tional 150 pounds of huoyancy was added 1o the
mudwater transponder tether o combat the effect of
drag on the Jonger tether fine. Figure 4-18 shows the
mancuvering  operation which required  about 15
minutes to complete. Due to the honzontal com-
poneat of tension from leg 1.3, the cump was pulied
as expected about 600 feet out in front of the
warping tug  Nevertheless, the clump was placed
withm 15 feet of the targer location. The stern Ene to
the construction moornng buoy aded consideralih
controlling the warping tug postion and, m turn, the

R atan A ST e

&

Figure 4-15. Cre -+ buoy aboard warping tug. Crown line terminated on jeft side of photo (boctom
of by ). Two projector pigtails figure-cighted on bitts and runnmg to juncuion bos
with protective pipes top and bottom.

E VAN

clump position. The ATNAV system worked sery
reliably once the submersible  transponder was
tethered 70 feet off the bottom. s facibizated the
positioning of the clump anchor tmmeasurably over
the situation cncountered  dunng  the implant of
anchor A1 and A2,

The effect of the ship velociy on aceuracy of the
acoustic posiioning system can be seen by companng
anchor position Jita pomnts with corresponding ship
positions i1 Figure 4-18. The warping tug movemant
at only 1 fps to the northeast appears to b the
calcufated anchor posstton about 10 1o 20 fect to the
northeast. When  the ship heading changed. the
direction i the anchor position bras changed as well

After obtammng sufficiemt posinon daa on the
clump anchor, the submersible  transponder was
acoustically  released and recovered. The
3.500-foor-long grapnel Iine used to lower the dump
was paid out (Figure 4 L), and 4 tag hne connzcted
it to the construchion moonng buoy o sunphts
recoven shoubd that be necessan
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Figure 4-18. ATNAY position dsta for ship and clump 2nchor A3 during implant,

To complete Phase V1 required about 13 hours as
compared to an estimated 11 hours. The extra time
required corresponds to that spent in recovering and
installing the clump anchor a second time.

PHASE ViE: ACOUSTIC PROJECTOR IMPLANT

tmplant of the two acoustic prejectors 1 znd P2,
as shown in Figure $-3¢. was accomplished on 11
Sepiember 1974 after spending & days in porz to
prepare hardware for this phase and Phase VL
hefore procceding with the projector implunt, the
umbilical cable from the crown buoy was recovered,
and a check wus made of ail the instrumentation on
the structute to insure no degaadation had oceurred
since the last phase. Al of the hydrophone stations
nnned on, and signals ware received from all seasors,
including the one wnsion cell that had not responded
cariier, The projecissr pigtails from the crown buoy
ware seeovered, and the three projectors were firgd
via sgnziy put into the crovn buoy umbilical eable,

9
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‘The weather was excellent, so a decision was made e
proceed with the implant.

The clectromechanical connection was made
between the B1 projector pigtail from the crown
buoy and the end of the 10.000 fect of projecror
cabic to be faid our on the seafloor, Figure 3-19
shows this connection being made. The connector
was composeid of two ends with preformed grips
attaching them to the cables, and a center borrel with
right 2nd left hand shreads to connect the eonds
together. The clectrical conductors were spliced,
using the techniques discussed in Chapser 3 and then
pushed inside the center barrel, The barrel was
sotated 1o conncci the two ends mechanically and
then pinned. This cohnection techiigue was
unsatisfacrory because of she very tight fit of the
clectrical conductors inside the center barrel and the
nezd to rotate the barre! to complete the mechanical
connection. 1t would be very casy for the glestrical
conductor to rotase with the barrel, therly
destroving she integrity of the conneetien.
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Figure 4-19. Electromechanical connection being made betwern projector pigtail from crown buoy and
10,000-foot projector cable during Phasce ViI.

After completing the connection, divers replaced
the projector pigtails on the crown buoy and con-
nected strain reliefs to the bottom of the buoy. Using
ATNAYV for navigation, the warping tug backed away,
paying out the projector cable. With 2,900 feet of the
cable out, a2 200-pound split anchor with a semi-
circular groove in cach half was placed around the
cable and bolted together. This anchor, which was
rounded on cach end to provide a large bending
radius for the cable, held the projector cable away
from the crewn line and clump anchor to prevent
entanglement. The warping tug then resumed
backing away while paying out the projector cable. A
cable counter that indicated the length of cable paid
out was continuously compared to the warping tug
distance from the crown buoy. The wire angle also
was monitored to insure it remained within bounds.
After the 10,000 fret of cable was paid out, the end
was terminated to the projector, which was fow-
cred to the bottom on a scparate synthetic line
(Figure 4-20) with an acoustic relcase/submersible

transponder in line about 50 fect above the projector
stand. The ATNAV positioning system performed
well during lowering; the track lines are shown in
Figure 4-21. Immediarely after touchdown onc good
projcctor position rcading was obtained, then two
bad and onc good. The lowering linc was then
released, although it would have been useful to obrain
morc readings to better establish the projector posi-
tion. However, thc warping tug was drifting off
position, causing concern that the projector stand
might be overtumed by the lowering line.

The implant of projector P2 followed the same
procedure as for Pi. Figure 4-22 shows the ship and
projcctor track during the tast stage of P2 implant.

Although there was no necd to exactly position
the projectors, target positions were cstablished to
gain opcrational expericnce in positioning objects on
the scafloor. Projector P was placed within ahout 30
feet of the target and P2 within about 15 feet.

This phasc required approximately 12 hours to
complete, which compares with an estimated time of
9 hours.
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Figure 4-20. Projector stand with projector cable and separate lowering line. Acoustic release/submersible
transponder with buoyancy attached is in foreground.
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Figure 4-21. ATNAV pusition data for ship and projector P1 during implant.
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Figure 4-22, ATNAV position data for ship and projector 22 during implant. }
i
:

Figure 4-23. Dual acoustic release and redundant buoyancy at bottom of current meter strings.
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PHASE VIiI: CURRENT METER MOOR IMPLANT

The warping tug moored onsite overnight. At first
light, 12 September 1974, the warping tug hauled in
the tag line from the construction mooring buoy to
the tail line on the grapnel line. A 200-pound Dan-
forth anchor was attached to the end of the tail line.
Then, as a last minute change, a 1/4-inch wire was
attached to the Danforth anchor with the idea of
lowering the anchor while paying out about 1,500
feet of the wire. In this way, the grapnel line would
be stretched out on the seafloor to facilitate eventual
recovery of the clump anchor. Unfortunaiely, the
1/4-inch wite was overlouded and parted, lctting
much of the grapnel line and tail wire fall in a pile on
the seafloor.

The operation then proceeded to Phase VILI, the
implant of the three current meter strings depicted in
Figure 4-3f as CM1, CM2, and CM3.

The moors were deployed anchor first with a dual
release and reoundant buoyancy located immediately
above each anchor (Figure 4-23). One of the releases
was also 2 midwater transponder so that the moor
could be accurately positioned during deployment. It
was desired to surround the structure wath the three
moors to detect any significant variability in current
magnitude and direction. To do this, the moors were
to be positioned 700 feet out from cach defta arm on
a line perpendicular to the midpoint of each arm,
Very careful positioning was necessary to avoid
entangling the current meter moors with any part of
the SEACON II trimoor. The moors were successfully
installed within an average of about 100 feet of their
desired locations. The time required to inswall the
three moors with a total of nincteen current meters
was 10 hours, which compares closcly with the
estimated 9 hours {4-1].

SECTION 3 ~ DISCUSSION

Sevcral factors share nearly cqual importance in
the successful implant of the SEACON 11 trimoor.
The thorough planning of the operation was essential,
of course. But cven in a thorough operations plan it is
impossible to foresce and include every detail. The
skill, cxpericnce, and precruise traiming of CEL’s

riggers who operated the warping tug and implant
equipment were equally essential ingredients. The
good rapport between the engineers, technicians,
diving locker personncl, and rigging crew, which had
developed over a long period of working together on
numerous projects, resulted in 2 cooperative team
effort that was very effective.

Phasing the implant was very beneficial from
several standpoints. First, as anticipated, it provided
much flexibility in the operation. The implant atmos-
phere was quite relaxed because many options were
available to the Project Manager and Implant Director
depending on weather and the condition of =quip-
ment. Retreat to a safe harbor could be made on
short notice. while leaving the implanted equipment
behind in a protected condition. Because of the
smoothness of the operation this option had to be
taken only two times: during Phase | when one trans-
ponder was installed unbuoyed and the cther would
not disable on command, and during Phase 1V when
two of the hydrophone canisteis would not turn on.
A second benefit of separating the operation into
phases was that most of the clectronic equipment
“soak-tested” in the environment for several wecks
during a period when repairs could still be made
relatively casily if required. As it turned out, how-
ever, no failures were detected during this installation
period. By pianning rest days between phases,
personnel started each implant phase well-rested. This
certainly contributed significantly to performance
and safety. In fact, no injurics were sustained by any
personnel during the entire implant. A safety officer
reviewed all plans and was on deck monitoring the
safety of all aspects of the operation.

Weather and sea conditions were good to
excellent during all phases of the implant. This was
not just a chance condition. The period of the year
chosen for implant has, on the average, the highest
percentage of good weather. Additionally, weather
forecasts were obtained starting the day prior to each
cruisc and were monitored continuously for any
changes while at sca. Only one phase had to be
interrupted duc to adverse sca conditions. The
warping tug retreated to port shortly after departure
for Phasc VI when the swells condition appeared too
severe to safely implant the 8-ton clump anchor. One
other time, during implant of the last embedment
anchor in Phase 11}, the scas reached the upper limit
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of acceptable conditions, but did not prevent success-
ful completion of the phase.

One arca of some weakness in the implant hard-
ware was the acoustic transponder navigation
(ATNAV) system. As noted in the implant
description good position data for the submersibie
transponders located just above the anchors and
projectors were intermittent at some critical times
during the implant. There was noise at times in the
ATNAV frequency range that caused premature
responses from the transponders, thereby resulting in
erroncous position calculations. The source of this
interfercnce was never discovered. It appeared to be
more predominant in the afternoon hours than the
morning. Another problem in using the ATNAV
system was the sensitivity of the calculated position
of the submersible transponder vo the velocity of the
implant vessel. This was apparent from the scatter in
position data obtained even after an anchor or pro-
jector was installed on the bottom with the sub-
mersible transponder. If accurate ship velocity vectors
could have been input into the ATNAV computer,
this discrepancy would have beer climinated. It
appears repeatability of position is within approxi-
mately £5 feet if accurate ship velocity vectors are
obtained.

Manual maneuvering of the warping tug tc “fly”
the anchors and projectors into their desired locations
worked relatively well as long as good ship and sub-
mersible transponder positions were reccived
regularly. The stern mooring line used during the
clump anchor implant also helped significantly in
controlling the tug position. Except for Al, which
was the first anchor installed using the submersible
transponder, all anchors and projectors were able to
be placed well within the 100-foot-radius target
position, The positions determined for each of the
anchors and projectors, which were calculated by
averaging several position readings, are believed to be
accurate to within a 10-foot-radius circle. Despite
some problems in using the ATNAV system, all goals
for placement accuracy were met.

The ATNAV system was not satisfactory for
determining depth of anchor fluke cmbedment. As
discussed previously, the technique is too dependent
on having very accurate water depth data, A small
crror percentagewise in water depth translates to a
large crror in embedment depth. A pinger should
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have been used as was done during the anchor pullout
tests to get direct and reflected pulses which translate
into very zccurate near-bottom elevation data.

SECTION 4 — SUMMARY

FINDINGS AND CONCLUSIONS

1. The SEACON |1 structure was successfully and
safely installed. Key factors in this achievement are
believed to be thorough planning; an experienced,
well-trained, and compatible implant team; a phased
implant procedure; and careful attention to weather
conditions.

2. Except for the first one, all anchors and projectors
were able to be “flown” in within the desired
100-foot radius of preselected target positions. The
measured position data for cach of the anchors and
projectors are believed to be accuratc within a
10-foot radius, which also meets design goals.

3. The ATNAV system was not suitable for
determining anchor fluke embedment depth, because
the calculated elevation is too sensitive to water
depth measurement accuracy as well as other fuctors,

4. The actual time required to complete cach phase
at sca was generally about 20 to 30% more than
anticipated in the operations plan. However, except
for thasc I, each phase was able to be completed
within one cruise, and even Phase | was able to be
interrupted at a noncritical point.

5. The time between phascs was on the average abourg
threc times what was anticipated duc to the fact that
implant was begun before all final outfitting and
testing was completed on the system.

6. The adverse effects on clectrical equipment due to
arc welding of structural components was not
adequately considered when determining fabrication
procedures, This resulted in damage to onc of the
acoustic projector cables, which may have had long-
term cffects on the system not anticipated at the time
of implant.

7. The criterion of a single ship implant was met
except for using an 1.CM-8 boat to hold off the crown
buoy during Phase VI
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8. Despite the difficulties experienced in using the
acoustic transponder navigation (ATNAV) system, all
goals for equipment placement accuracy were met.

9. The technique of building a trir..oor that supports
a dcitawhaped structure by first instlling 2 two-
dimensional trapezoidal moor and then pulling it into
a third dimension by adding another leg proved very
cffective. This permitted the three support buoys and
two of the three delta arms to be preassembled,
tested, and merely stretched out lincarly between the
two legs.

10. A last minute change in the grapnel linc implant
technique and hiardware resulted in a failure because
inadequate design time was spent on it.

RECOMMENDATIONS

1. A..y complex ocean construction operation should
be thoroughly planned and a comprehensive opera-
tions plan should be prepared for controlling the
conduct of the operation.

2. To assure the highest probability of success, an
implant crew expericnced in ocean opcerations - one
that has worked together on previous operations and
one that has received at-sca training for the specific
implant - should he employed.

3. The implant operation should be designed with as
many independent phases as possiblc to provide
adequate rest for the crew and contingencies for
weather and equipment problems.
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4. Weather and sea conditions should be monitored
closely, and the reports should be heeded even if
some good work days are lost by being conservative.

5. I possible, an operation should be designed to be
accomplished from a single vessel to avoid the
significant communication and coordination prob-
lems posed by multiplc vessel operations.

6. The crew should be trained extensively with an
acoustic transponder navigation system at the
planned implant site to determine all of the idiosync-
rasies of the equipment.

7. A pinger system rather than a transponder naviga-
tion system should be uscd to obtain accurate data on
el~vations of equipment near the bottem.

8. All possible adverse effects to clectrical equipment
due to arc welding on or near associated mechanical
equipnient should be evaluated.

9. Spur-of-themoment changes in hardware or
techniques during an at-sca construction opetation
should be avoided.

10. In conducting an ocean construction operation,
as many of the clectrical components as feasible
should be preassembled and tested to minimize
making at-sea ¢lectrical connections and splices.
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CHAPTER 5

MAINTENANCE, REPAIR, AND RECOVERY OF STRUCTURE

INSTRUMENTATION STATUS AFTER IMPLANT

Within 1 week after implant of the SEACON I
structure, the fishing vessel La Vida, under contract
to CEL, was moored at the crown buoy for several
days in a joint cruisc with NUSC, New London
personnel. During the cruise the SEACON i instru-
mentation system was checked out, and NUSC made
measurements on the dynamic response of the delta
arm between node buoys N31 and NB2.

The major findings of this cruise were thar all
equipment appeared to be operating properly except
for three of the five tension cells and the three
acoustic projectors. The problem with the tension
cells is discussed in Chapter 3. Two of the projectors
appeared to ha.. open circuits, and the third had a
2,00C-chm short to scawater. The nearly shorted pro-
jector opcrated, but there was concern that clec-
trolysis would quickly fail the clectrical conductor.

PROJECTOR REPAIR CRUISE

On 9 October 1974 2 cruise w conducted
aboard the warping tug to make repairs to the pro-
jectors. Since it was not known cxacdy where the
problems were tocated, the contingency plan included
the recovery of the proicctors themselves, even the
onc on the clump andfior if necessary.

The troubleshociing began at the crown buoy,
the vasiest locativn 10 get to and the most likely spot
for some of the problems. The ATNAV systesr was
used to position the tug over the crown buoy, which
was lifted under the A-frame, as shown in Figure 51,
The short in the projector cable was found at the spot
that had received a welding arc during preparations
for Phase Vi of the implant. This section was cu< out,
and the bitter ends of the cables were spliced. The
two open circuits were located when ficld-installable
boots, which form the female half of singic-pin cuiv-
nectors, had bren used. These connectors were
bypassed by using the feldsplicing techmigue
deveioped for SEACON L.

ot e e PO
o t
971 L4 2

At the completion of this cruise all three pro-
jectors operated. iowever, within a week, projector
P1 had failed again.

UNDER%ATER SPLICING REPAIRS

During the period 23 through 29 October 1974
the fishing vessel La Vida was again at the site for a
combined data taking cruise with NUSC personnel.
On 26 October La Vida was moored to the crown
buoy, and the crown buoy umbilical was taken
aboard. Without warning the mooring line parted at
the crown buoy, and the umbilical was broken off at
the crown buoy junction box before it could be
placed overboard. Although there was a backup
umbilical, the barc wires at the junction box were all
shorted to scawater ard cach other.

Thus begon a yeardong cffort to correct this
problem. It was decided not tu resueface the entire
crown buoy as was done in the initial repair, because
an inspection by the manned submersible Turtle after
that cruise showed the projector wires to be piled up
ncar the clump anchor. It was felt the projector
cables on the bottom could possibly be cut if the
clump anchor witk its protruding metal skirt was set
down on them. Instead, the first attempts involved
clamping oil-filled bladders and tubes over the stub
on the junction box umbilical penctrator. Some
residual scawater  always remained, causing  the
shorting problem to condinue.

On 19 November the fishing vessel La Vida
returned to the dte for another joint cruise with
NUSC personndd. Denng this cruise CLi. divers cut
the seven dlectrical conductors from shie crown line to
the junction box. removed the junction bux, and
brought it on board the fishing vessel with the
projector cables still attached to it. The damaged
penctrator was isofated by disconnectir g the wires
which ran to it inside the oilfilled junction fox. The
junction box was then reinstalled.

The seven clectrical cables were then spliced by
divers using the AMP diclectric rubber sealant in 1
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Figurc 5-1. Crown buoy hauled
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methaod similar to the one developed for ficld splicing
in air. Initially these splices operated. However, after
several days in service, apparently the small amount
of cutrapped seawater at the clectnical junctions
caused corrosion which resulted in Joss of 2 good
metal-to-metal connection and, therefore, clectrical
continuity,

Failure of the AMP scalant technique resulted in 2
series of attempts with crimp-type connectors. After
numcrous attempts the technique reported on in
Reference 5-1 was found to be successful. Essentially
the technique involves centering a crimp-type butt
connector inside 2 nylon tube about 6 inches long
{Figure 5-2). Both ends of the tube are filied with
3140 RTV, which is a silicone base rubber with a
noncorrosive alenhol solvent. Divers place the ends of
the wires in cach side of the splice and critap the
conncctor. Apparently the RTV wipes the water from
the wires as they are inserted, sev's nut the seawater,
climinates air voids, and provides a pressurc-balanced
connection.

As discussed in Chapter 3, on 9 December 1975,
13 underwater celectrical splices were successfully
smade with the technique described above. The junc-
ion hox was completely bypassed, and seven elec-
trical conductors from the crown line and six from
the two outboard projectors, Pt and P2, were spliced
dircctly to the umbilical cable.

The cable 10 projector P1 that had not operated
for a year was recovered and cut off below the pomt
where the 250-foot projector pigtail connected to the
10,0000t prujector cable. The projector was able
to be fired from this bitter end, so 2 new section of
vable was spliced in to get P1 operabile agan.

Inspe .tion o’ the wires at the conncetion betw en
the 250-foot pigtail and the 10,000-foot projector
zable rvealed the cause of the short, The one long
armor wire, shown in figure 5-3, had accidentally
stuck into the center ciectnical conductons, breaking
through the insulativn on one wire and causing it to
short. This apparently occarred during the process of
fitting the splice mside a barrel that conncects the two
mechanical terminations shown i Figure 5-3. A dis-
cussion of the difficulty cxpericnced in making this
connection was preseated in Chaper 4.

SUBMERSIBLE OPERATIONS
Manned Submersibles

The Navy's SUBDEVGRU | manned submersible
Turtle operated at the SEACON I site on 25 to 26
October 1974. During one dive an attempt was made
to attach a buoy to the one transponder that had
been implanted without one. The transponder was
located with the aid of the ATNAYV system, but the
sub was unzble 1o get the buoy attached due to a
snap hook being fouled with the line to the kaoy.

On 26 October Turtle, with a submerssible
ATNAV transpunder attached, attempted to occupy
a position near the clump anchor, Updaved position
data were needed because the clump anchor had been
moved during the projector repair cruise. While
maneuvering, Turtle became wmporaniy entrapped
undcr leg L3. Once free, she surfaced with orders not
to venture near any of the cables or anchors on future
dives.

During a later operation at the site, Turtle’s sister
vehicle Seaciff successfuliy recovered the unbuoyed
transponder along with another transponder that had
batterics too weak to avctivate the releasc.

Unmanned Submersible

NUC's Curv 111 vehicle operated at the SEACON
Il site from 11 10 14 November 1975, The primary
objectives of the cruise were to determine embed-
ment depths and positions of the two embediment
atichors and to recover a buoyant riser cable from
nnde buoy NBI which was used in the NUSC portien
of the experiment. Problems with Curv HE's umbilical
caiic and the ATNAV postioning system scverely
limited the time available to do useful work. The
embedment depth of anchor A2 was accurttely deter-
mincd, and the NUSC tether was removed. The other
goals were unible to be met.

STRUCTURE RECOVERY OPERATION

On 12 May 1976, after nearly 22 months in the
water, the SEACON I stracture, consisting of some
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etra long external armor wire that
struch into center clectriedl con-
ductor, crusing it to short

short location on
clectrical conductor
where armor wire penetrates.

Figure 5-3. Electromechanical connection between projector cables, showing cause of fault in

P1 projector cable.

30 tons of hardware, was recovered aboard the CEL
warping tug with the LCM-8 boat and CEL divers
assisting. The operation began with divers attaching a
hft line to a wire strap that had been cennected to
the top of the crown line by U-clamps during an
carlicr cruise. Once the clump anchor was on board,
the recovery procecded generally in reverse of the
implant procedure but much faster. The total
recovery operation was completed in 16 hours,

The vorrosion and fouling analysis of the strue-
ture 15 priniied as Appendiv: A, Iiscussion of the
performanc: of snectfic cquipment. such as the
anchons, «ables, tepsion ccdls, cte.. is ncluded in
Chapter 3

FINDINGS AND CONCLUSIONS

1 Techniques for making repasrs to and performing
maintenance on an undersea cable structure were

demonstrated using surface vessels, divers, and
manned and unmanncd submersibles. Most of the
jobs undertaken were suscessfully completed but
with considerable difficulty.

2. Materials and techniques for diver-splicing of
single- and multiconductor cables underwater were
successfully developed and demonstrated.

RECOMMENDA IONS

1. Manncd submersibles should avoid working in the
vicinity of cables even if they are under tension as leg
1.3 was,

2. The technigues developed for diver-splicing under-
water are recommended tor use in situations where
splices cannot be made in aiv.
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CHAPTER 6

COMPUTER PROGRAM VALIDATION

SECTION 1 — INTRODUCTION

in this chapter, the data obtained during the
SEACON 11 experiment to validate a stcady-state
computer program arc discussed and results ot mea-
sured and computer-program-predicted SEACON 11
structure response are presented. A description of the
computer program being validated is provided along
with 2 description of the input required to success-
fully use the program and an explanation of how to
interpret the program output.

Measured and predicted results are compared over
cight tidal cycles. These results are accompanied by a
discussion section to give the reader a clear picture of
the present status of the computer program validation
cffort. Finally, conclusions and reccommendations are
provided to help guide future efforts in this area.

SECTION 2 — DESADE COMPUTER
PROGRAM

OPERATION

The computer program currently being validated
with the data obtained from the SEACON 11 experi-
ment is called DESADE and was developed at the
Naval Rescarch Laboratory by Dr. R. A, Skop {6-1}.
DESADE is a steady-state program that is based on a
finite element representation of the structural cables.
It utilizes a technique called the Method of hmaginary
Reactions (MIR) to make complex. redundant
structures, such as SEACON II, determinate. In MIR,
redundant constraining reactions at the anchors and
at any internal points where a redundancy occurs arc
cut from the structure and are replaced by equil-
ihrating imaginary reactions piaced at the free (cut)
ends of the cables. Once the structure has heen made
structurally determinate, the zero current cquilibrium
positian of succeeding cable clements s calculated

until the free ends are reached. Overall, the procedure
is an iterative one in which new corrective forces are
applied to the cable cnds each time their position
does not agree with the calculated position of a
junction in the structure or with the actual position
of the anchors. The iterations continue uniil the
discrepancy between the position of cables ends and
their associated junctions or anchors is less than a
prescribed amount.

When currents ar: applied to the structure, MR is
combined with a successive approximation prezedure
so that, for cach MIR iteration, new hydrodynamic
forces based on the present structure configuratin
are calculated and applied 1o cach cable element. This
procedure continues until the equilibrium coordinates
of the structure for two successive itcrations differ by
less than a presclected fixed amount; a sojution has
then been achieved.

A iisting of the basic DESADE program is avail-
able in Reference 6-1. A listing of DESADE modificd
to accept current data, which varies in magnitude and
direction with depth, can be obtained from CEL.

CAPABILITIES

As presently programmed, DESADE can be used
for the static analysis of multicable (up to 22 cables),
three-dimensional structural arrays. The mechanical
propertics of incxtensible clements, synthetic lines, or
wire rope can be assigned to the cables. In addition,
any number of discrete in-line devices, such as elece
tronic instruments or buoys, can be included in the
analysis. These capabilities are complimented by the
abiiity to include in the analysis current profiles that
vary in magnitude and dircction with depth.

LIMITATIONS

While the DESADE program is very general, in its
present form it docs have certain limitations. First, no
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‘Table 6-1. Summary of Measurcment Accuracy

of Components
Measurement Accuracy of ~
Parameter Discret
, . ¢
Buoys Cables Devices
Size
Diameter 002 fr | 10.003 in. -
Length - +1.0 ft
(icpy)
+0.25 ft
(arms)
Length/diameter - ~ 20.01 ft
Weight/buoyancy 121 | :0.0031b/it | :0.21b
(legy)
10.009 ib/fr
(arms)
Hydrodynamic drag | :0.08 | «0.08% +0.05%
corfficient

“Values based on Cg curves of ideatized spheres
and cylinders,

bNon.ummmmg drag cocfficient. Amplification
factors for strumming cable are approximate.

cable can lie on the scafloor, and, under the action of
applicd forces, ne czble segment can have z¢ro ten-
sion. Second. all structuzal components must be
totally submerged, or the position of -he components
at the surface must be specified with x, v, and 2
coordinates. Third, the size of the discrete demenis
on the cabics must be small compared with the over-
all dimensions of the array. Finalhy, only normal drag
forces are applicd to the cables: tangential drag forces
on the cables and hft forces on discrete clements are
assumed to be ncghgible,

INPUT DATA TO DESADE PROGRAM

The data required a8 anput to the DESADE pro-
gram conust of phy<cal and hydrodynamic
charactenstios of structure components, includimg the
position of restraining anchors and the characteristics
of the ceavironment in which the structure s

deployed. The physical properties define the size,
shape, weight (buovancy), and position of all struc-
tural components and devices on the structure. For
SEACON 11, all the compunents were carefully
measured and weighed with balance scales in fresh-
water of known density. All submerged weights or
buoyancies werc then comerted to reflecr the sea-
water conditions found at the SEACON depinyment
site. Table 6-1 is a summary of the mecasurement
accuracics for the major components.

The hydrodynamic data define the drag
characteristics of the structural components and
devices, In the discussion portion of this section,
details on how drag cocfficients were determined for
the cables when exposed to ocean currents are
described.

The environmentai data required for DESADE
consist of the density of the seawater at the SEACON
il deployment sitc and a detailed representation of
the current regime impinging on the structure.

The input deck consists of the cable array source
deck (the physical and hydrodynamic properties of
the structure) and the current information. A listing
of the source deck and the current information for
tidal cycles 1. 2, and 3 can be obtained from CEL.
These data can be used with other computer pro
gams, the output of which can then be checked
against the measured and predicted  response of
SEACON 11 as presented in the Results section.

OUTPUT FROM DESADE PROGRAM

Fhe ourput from DESADE consists of a hsting
that deseribes (3 the physical characteristies ot the
«able strusture, (2) the equibbnum position of the
structure for the rero current case n terms of cuble
tensivns. cable angles, and x, v, 7 postions ot seleeted
puttts on the strectuce, 4nd (1) the cqabibrium pos-
tion for the structure s ternn of cable tepston 2nd
angles whea exposed to vanous current regimes of
nterest. A lisung of DESADE output for tadal evele 1
i avaslabic from CELL
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SECTION 3 — RESULTS

Two types of results are of interest: zero current
results and results when currents are acting on the
structure. Zero current results arc important, because,
by comparing the measured and predicted data for
this condition, it is possible to (1) perform a pre-
liminary check on the computer program before the
hydrodynamic forces are applied, and (2) seduce
some of the systematic errors in the predicted data
due to inexact knowledge of the physical character-
istics of the structure and in the measured data due to
instrumentation calibration crrors, ctc.

Results obtained while the structure is exposed to
occan cumrents are of interest, because it is the
response of the structure to ocean current regimes
that is of importance to structural designers. These
results are generally most important from a relative
standpoint, i.c., on the basis of the relative change in
structure position from data point to data point over
time,

ZERO CURRENT CASE

A survey of the current data showed that, cven
between tidal cycles when the currents gencraily
slacken, there was always some current activity at the
SEACON I deployment site. However, the data did
show a number of occasions when the currents were
very low (5 cm/sec or less over the entire structure);
these low current sicuations were used in licu of
actual 7cro current conditions to make initial chechs
of the program and to adjust the anchon’ nositions to
achicve a good “zero current” fit between the mea-
sured and predicred data.

When zero current comparisons were initially
made, 2 ncardy constant bias of several tens of feet
beticen the measured and predicted data was noted.
This bias was felt to be caused by crrors in the anchor
position information used as input to the DESADE
computer program. HBecause the bias occurred
repeatedly when both sero current and current con-
ditions were compared, it was decided that more
precise information about the pasition of the anchors
wis required.

An inssitu inspection of the structure was made

with the Naval Undersca Center Cury 111 inspection
vehicle. 1t was found that anchor Al had not
penetrated the scafloor nearly as far as originally
estimated (estimated, 25 feet; direct observation,
7-1/2 fect), and, thercfore, the effective position of
the anchor (the point where the cable passes through
the scaflovr/water interface) was somewhat in crror.

Prior to deploying the Cwrv 11l vehicle for the
inspection, it was cquipped with an acoustic trans-
ponder so that its position during the inspection
could be tracked with the SEACON ATNAYV position
system. [t was hoped that when the vehicle occupicd
the anchor positions during the inspection, precise
anchor position data could be obtained. However,
shadowing cffects caused by undulations in the sur-
rounding scafloor made it impossible to get 2 fix on
the new position of the anchor or to cenfirm the
position of the point where the embedment anchors
penetrated the seafloor. In addition, the Curs NI
cruise had to be terminated before an asscssmernt of
conditions at the sccond embedment anchor, A2,
could be made.

When Icg 1.2 was retricved during structure
recovery, it was found that the taunck whicle for the
embedment anchor, which had not refeased from the
leg. was acting as the anchor and had, thercby,
cffestively  eliminated all of the 75-foot anchor
pendant from acting as part of the structure. With
this new informat:on the position of the anchors was
redzfined and the 7cro current position for the struc-
ture was recalculated using DESADE. Accordingly,
the bias was reduced but not completely climinated
as shown in Figurce 6-1. Using the positions of
acoustic nodes B and ) at the corners of the deita a«
a guide, the majority of the hias was remsied by
shifting the anchor positions until the meastired and
predicted results at B and D were within approni-
matcly $ foct of cach ather. No attempt was made to
obtain 4 closer it between the measurcd  and
predicted results, because the measured position data
had 10 be interpolated 1o obtain 2 match between
position mcasurement times. and because a significant
current (more than 5§ cm/sec) mught be present
between the current meters that could go undetected
and, thus, shift the position of the structure.

Nodes B and i) were choser to guide the anchoe
position changes as these positions are based on
precise data from three projectors on the scafioor,
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whereas the positions of nodes E and G were calcu-
lated using information from two projectors and a
depth meter at the node. This calculation is quite
sensitive to depth errors and, therefore, was judged
not suitable to guide the anchor position adjustments.
The anchor position changes required to achieve the
match situation are shown in Figure 6-2, along with
the new total differences between measured and
predicted results for the zero current condition. The
anchor position changes in all cases are within the
bounds of acenracy set for them.

CHANGING CURRENT CASE
Tidal Cycles

Once the structure had been “zeroed” to remove
the major systematic crrors and the majority of the
bias, computer runs were made for cight tidal cycles.
For tidal cycle 1, the measured and predicted
responses of four acoustic nodes on the structure to
the changing current regime are given; the nodes are
those designated as B, D, E, and G on Figures 6-1 and
6-2. For the remaining seven cycles, the measured and
predicted response of acoustic node B is provided.
The response of this node was found to be
representative of the response of all nodes on the
delta portion of the strucruie, and it provides a basis
for comparing the differences between measured and
predicted results.

Dray Cocfficicnt

Before beginning a discussion of the measured
and predicted results obtained over the eight tidal
cycles, a brief description of the process required to
determine the correct drag coefficient for the cables
is given. When the SEACON 1l structure was being
designed, a normal drag cocfficient of 1.2 for the
cables was sclected for use in the DESADE program.
When the measured data began coming in from the
SEACON 11 experiment, and initial comparisons were
made between measured and predicted results (see
Figure 6-3), it became clear that this drag coefficient
was too low when the current velocity on major
portions of the structure was more than 7 or 8
em/see, The predicted response of the structure at the

S S MR I S N T S ST

acoustic nodes was much less than the measured data
indicated it should be. With this in mind, it was
decided that a larger drag coefficient should be tried;
a drag coefficient of 3.0 was selected. When results
from this computer run, also shown on Figure 6-3,
were compared with the measured data, it could be
seen that the predicted structure response was much
greater than the measured data indicated it should be
except for that portion of the cycle beyond 0520
hours. For this portion of the curve, the currents are
decreasing in magnitude from 10 to 12 cm/sec at
0520, to 9 to 10 cm/sec at 0620, to § to 6 cm/scc at
0720. Beyond 0720 there is a general trend toward
decreusing velocity magnitude down to 4 to § cm/sec.
The current regime between times 2320 and 0520,
where neither the C4 = 1.2 or Cy = 3.0 curves even
come close to matching the measured data, is charac-
terized by velocities of from 10 to 18 cm/sec near the
elevation of the delta with generally lower velocities
occurring as the depth increascs.

At this point it was decided that additional
insight into the drag coefficient for the SEACON I
cables was required. A short scction of the cable was
sent to the Naval Postgraduate School at Monterey,
California, so that drag tests could be performed in
the NPGS water tunnel. The results of these tests are
shown in Figure 6-4 along with results obtained from
an earlier test performed at the Naval Ship Research
and Development Center (NSRDC) on a 15-foot
section of thc SEACON 1f cable and drag results
obtained by others on smooth, circuiar cylinders and
stranded cables. From this figure it can be seen that
the NPGS results for the SEACON {1 cable parallel
the smooth cylinder and stranded cable data, but
have an average value for drag of 1.55 over a
Reynolds number range of from 800 to 8,000, For
the same range of Reynolds numbers, the smooth
cylinder data averaged 1.0 and the stwranded cable
data averaged 1.25. The NSRDC data show large
variations in drag cocfficient for small changes in
Reynolds number; this was the result of cable
strumming.

Early in the SEACON Il structure design process,
a state-of-the-art analysis of the cables for the condi-
tions expected at the SEACON 11 site indicated that
cable strumming should not occur n the structure.
Since that time, new analysis procedures and
associated computer programs have been developed
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30 | | I
A. Wiesclburger — right circular cylinder
B. Wilson - stranded cable @
C. Naval Postgraduate School ~ short section ,/ \
of SEACON 11 cable (restrained) 7\
5 D. NSRDC ~ 15-ft section of SEACON il /
3] cable (frec) static tension, 230 1b \“L
g 20 B n
;
5
E 1ol
2
0 1 i i
100 500 1,000 5,000 10,000
Reynolds Number, Ry

by R. A. Skop at the Naval Rescarch Laboratory that
can more preciscly predict if strumming will occur in
a given cable. Based on the predicted character of the
strumming, i.c., its frequency and amplitude, drag
cocfficient amplification factors can be assigned to
account for the attendant incrcase in drag [6-2).
While these procedures are at this point upproximate
and can only be utilized where the current is uniform
over the length of the cable, which for SEACON It
means the cables on the delta portion of the structure
only, they do represent the best available means for
predicting the presence and effects of cable
strumming and were felt to be a necessary addition to
the validation of the DESADE program.

The physical properties of the delta cables and
the discrete devices on the delta cables along with the
current information at the elevation of the defta were
used to determine strumming frequencies and
amplitudes. These in turn were used to generate drag
cocfficient amplification factors and drag coefficients
for the delta cables. The leg cables were assigned con-
stant drag cocfficients of 1.5, although it was felt
that at least the upper portions of these cables were
also strummng.

Figure 6-4. Normal drag cocfficicnts for cylinder, stranded cable, and SEACON [I cable.

Figure 6-5 illustrates how the normal drag coeffi-
cient varics with Reynolds number based on normal
velocity for arm D23 (between NB2 and NB3). This
figure shows that, according to the analysis
technique, cable strumming will occur in arm D23 at
Reynolds numbers greater than approximately 100
and will produce increased but fluctuating drag
cocfficients. Cable strumming begins when the
fundamental frequency for the cable matches the
Strouhal frequency for the cable. As the Reynolds
number increases, there is a reduction in drag cocffi-
cient, until the second modal frequency is reached,
where again the drag coefficient jumps to a high
value. This trend continues with a general overall
increase in valucs for drag. For arm D23, the drag
coefficient 1s predicted to be more than 3.0 when the
Reynolds number based on the normal component of
velocity is greater than 600. The drag cocfficient data
presented in Figure 6-5 and similar data for the other
two cables of the delta were the predicted response of
the structure.
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Figure 6-5. Predicted variation in normal drag coefficient for arm D23,

Current Profiles

For tidal cycles 1 through 8, the current profiles
change with time to reflect the cbb and flow of the
tidal conditions at the site, Most of these cycles begin
with flow in a westerly direction at a velacity of 3 to
5 cm/sec, which builds to a velocity of 12 to 18
cm/sec over the first hour or two of the cycle.
Shortly after this buildup, the direction changes
toward the north, until over the nex: few hours of
the cycle it has moved to 2 north to north-east
direction. Toward the end of the cycle, the current
begins to recede, until it finally reaches a velocity of
3 t0 § cm/sec and generally has a strong south or west
component,

Over the depth of the structure, the current pro-
files have greatly varying character from cycle to
cycle. Figures 6-6 through 6-13 summarize the
current data for the cight cycles using vectors to
illustrate the current magnitude and direction changes
over time and over the depth of the structure. The
vectors arc based on hourly data from cight® current
meters at the elevations shown on the figures. The
presence of shear layers in the current data can be
detected on these figures by observing the direction
and magnitude of the vectors at a specific point in
time (noted by vector numbers) at the various
clevations. A large increase in vector length or large
vector direction change between adjacent current
meters indicates a shear situation exists.

*Eleven current meters were deployed with double meters at 2,410- and 2510-foot clevations. Meters
8t 2,510, 2,110, and 1,410 feet failed. The 2,410-foot data sre the avzrage of two rmeters. The
clevations are heights sbove the 2,910-foot level, which corresponds 1o the origin of the z-axis for

DESADE.
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During tidal cysles 3, 4, and 8, strong shear layers
were present near the top of the structure. For tidal
cycle 3, two shear conditions actually exist: one
between the meters at the 2,010- and 2,210-foot
elevations, and 2 second, more important one
between the meters at the 2,310- and 2,410-foot
elevations. For tidal cycles 4 and 8, the shear appears
between the meters at the 2,410- and 2,510-foot
clevations. The current meters provide discrete
information about the current regime at the various
clevations, but do not provide insight into the nature
of the shear layers between meters, i.c., their thick-
ness, the clevations where they begin or end, or the
absolute magnitude of the shear current at elevations
away from the current meters. Since the computer
program DESADE nses linear interpolation to con-
struct the current profile between adjacent current
meters, shear layers, when present, will tend to
increase the differences between measured and
predicted results. This difference is maximized when
the shear occurs near the top of the structure (the
2,310-, 2,410-, and 2,510-fooi clevations) as the cur-
rents gencrally become higher as the elevation
increases. The buoys and delta cables produce a large
percentage of drag force on the structure which will
be in error if the lincar interpolation procedure does
not correctly depict the current regime. Also, the
structure acts much like 3 cantilever beam; a unit of
force or error in force produces the greatest structure
change or predicted change error when applicd at the
top of the structure.

When the shear layers occur well below the top of
the structure, as they do in tidal cycles 1 and §, the
cffects of errors in depicting the current regime, while
important, are not as devastating as when they occur
necar the top.

When strong shear layers are absent, as they
appear to be during cycles 2, 6. and 7, the predictive
capabilities of the computer program are maximized.
Figure 6-14 shows the measured and predictad
response of all vperational acoustic nodes Juring tidal
cycle 1. The current regime, as indicated by the
current meter data on Figure 6-6, has a significant
shear between the 1,710- and 2,010-foot clevations
during the entire cycle. In addition, a shear begins to
develop in the 2,310, 2.410-, 2.510-foot clevation
region during the last 2 hours of the cycke. The
differcnces between the measured and predicted
results at the nodes are most pronounced during the
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carly portion of the cycle when the current velocity is

increasing from a few cm/sec to 18 cmiscc. The
average difference between results for this period is :
approximately 5 feet with 2 maximum difference of

nearly 8 feet occurring at node E.

Figure 6-15 is a large-scale plot of the response of
node B to tida! cycle 1. Note that this figure, as well
as all subsequent figures for node B, has the time of |
day shown at various datum points. The times allow
the reader to more clearly discern the differences and -

similaritics between the measured and predicted

results. The times shown on the displacement curves =
can be used in conjunction with the times given with -
the current vector figures 10 get a feel for the current -

conditions at the time the data were taken.

Figure 6-16 shows the mcasured and predicted
response of node B during tidal cycle 2. Overall. the
match between the results is quite good with
differences averaging approximatcly 2 feet. If the bias
is removed by shifting the predicted data 2 feet in the
positive-x and 2 feet in the positive-y directions, then
an excellent reproduction of the measured data can
be produced. Nu:e that even the micro details within
the tidal cycle that occur near 2320 hours can be
casily discerned. As
data for this cycic, . -n on Figure 6-7, does not
have strong shear cor litions present. On Figure 6-17,
the measured and shifted predicted data are shown
along with a prediction curve for a 1.5 drag cceffi-
cient, the messured value for the nomstrumming
SEACON Il cable. The differences between these two
prediction curves arc the result of analytical approxi-
mations for the effects of cable strumming of the
delta cable.

Figures 6-18 and 6-19 show the mcasured and
predicted results for udal cycles 3 and 4, respectively.
During both of these cycies. strong shear layvers were
present at clevations near that of the deita. For cydle
3. the measured response of the structures is less than
the predicted results, while the overall shape of the
response cunves are similar. For cycle 4. the predicted
curve is much lcss than the measured cunve, and the
two cunves do not have similar shapes.

Close inspection of the current vector plot of
tidal cycle 3 (Figure 6-8) shows that the major
current discontinuity or shear occurs at the
2.310-foot clevation, which is slightly below the
defta. The interpolation of current data by che com-

putcr program must generatc more drag force than is
actually present.
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Figure 6-18, Displacement of node B during tidal cycle 3.

122 4




S ; 7 - A ERTY R , reags PR o RIS T £ TPERAYE TR NIATE RIS A 0T v LI F IR AT R T T T8 T N e s L g
R il ATTE e 1 B 8 Bt E e G L R ea s 2 T 7 T PR NS IR PN A RS AT A G R S M T ERERAVARE I TSR TR € NOREAGR R AT O RELA o 1 »

DA
LIS )
$Y =

g
,., !
% *# 9124 repna Bupnp g Jpou jo Judwedsiq ‘61-9 undiy ]
M.v
¢ ) x
: s's ors's 8es's 9£5's »e$'s z£8's 0£s's /2§'s 925's $25°s T8’y 0z$'s 81g's 9s's |
£ T T T T T T T T T T T T *oN' i
4 * ]
; “SISPQ 33043 INOY-4Z ¥ UO '
k)

Aup 30 3w 20U NUO WP I8 LVIGURN IION

et il
T s

|
v &

¢
Lf
W TS0 g
< ._ccad
i i
3 {
7. :
: “ot'e
¢ { ~
H ~N
i i o
b i
Y ._ - ,
4 T =
55 . <
’ s
: | 0
3 n
-“$i8°C ‘o
’
}
o
: ~eg'e .
"
m i
! | ..
: amnunﬂ o
5 . Il
[
4 .
4 .
% 1 I !

“OT8'T

R R

frsdsiin iy

N

R ,

LR VRS N AR SR o 1

vy meergreees
o v Wi Do

. e A s
.
. +

g A AR P e e AR




.
¥ LTS
A

. P ¥ Y i O3 ORIV Y 277D T RE e (OA VTR Z
Efﬁ.hﬁm@ < ﬁwnvﬂfja.rhd.‘zrﬂﬁwg#mﬂ KB A 6 e P R e S S R S A R R A RS R AT Tt e T 4
e

8

AL, T

*¢ 34> [epu Suunp g pou jo awdwdddug '02-9 Mndy

“.
i
|
|

() x

8E8'S 9%¢'s *ES's 86’ 0f5's wis'$ 9°$'y *s's I8¢ [ %1 RISy YISy
¥ T T i Attt oS e SRS i T 1 T L b
'
i
i
»
3 o J“c..a... i

! wwﬂ. Wﬂu'«ﬁ);ﬂ??“'“‘) ~RDARL ey e MRl T

i
|
il L
—Swixg
]
orys <+
a CLLE o~
e
~ +iN's
]
~qun's .
dwiwe E
E
‘URES] RIS INOY-$T ¢ U
Ao 0 Sty 0GP uiad BIEP 1B PUNY 0N E
—“AKN ¢ A
PMNPAY cm e e
PasmTy, — !
1 1 Y I} 1 d. Fed oa
®
, &vmwa’ﬁ.! - - o -’ oat 1 gvmm s O Ryp  ne

At A SRS SN A A




- [ > AT ) " itk A b o b bith ] e e TR
T S Rt A, Y TR R e B L A A e T S8 N A gl hn{

AL EAO TR ,..Aw:, P erreyraacusic ey AP s Seiel asss N . i
i
.

_
i ‘
'

wdy

FRRTIN
a4 e —

*g 3P4 fepn Buunp ¢ apou J0 wdwARdsSI 179 Mnhg i

by agx
0 SFs'S ors's "ws's rs's ors's 8ES'S 9$'s rEs'S t43 21 05s's LI R 92¢°$ +3%'s e 0gs’s
S R IRl S Sl 1 v 1 1 ! t ' : v T
owom
OVl »-— ..
8 \\\ Te——— \\\ «ar Nhnz e
- -~ ra v
e > 0990en/
’ s (gl 4 \
Vd L d
S 591 H Yorio {
- P, 4 ROR™S
! )
~ 4
!
: i 480 m
)
-~
“r el o L
< b
m ~ LE90 -
1 //
; ~
“ K .
L SEwe 3
f 7
1
i
- +iIN'S
L SHRQ RIOP MOY-¢7 © VO VIN'T
Aep Jo uuts Aouap awad e1ep v LIQUNN Aoy
L PIAAPAUY — —— - - - MR
7134 ¥ W
L U T SUUUUIIE SRR WS SR 1 S !
‘.uu R ST S i T NN e A UG e ™
28

fersigc W e

g em

R O WL JUCpey
E Attt i Sttt

HSEAEA
TN



=Y

VS YR R TR B A S A R AT DI Fe S T I ST

b
§
_
¢
ﬁ *£ 324> epts Suunp g dpou jo wdwaddsiq ‘7Z7-9 Mnhg
w () x
r ors's 8€5°S 9€S$'S vE$°'S s's 0€$'s eTs's 9Z8's +28's 8°'s s’ 815°S L 1T |
w T T T T T T T { T v T [, ¥4
¢
\\\..N
- 908’
TS6Y
B et “{pon'?
ol
.# -~
= omw'e -
-
3
B 0g, . ————"7 “awe
“‘\‘ M
PR e o e e e !
1
4
B “Snaq 43045 INOY-HZ ¥ 10 jriwe
Aep 30 30 30UIP SN0 TP I8 LIGUNK ON :
1
PRINPIMG v e e m
" . PRI e “ow'z
1 2 1 A ] 1 1 1 A i i i :
e ;

I SR AT e s oaas




T SRAEESYAYT

2812 < N

————reeeee Megsured
== = o == Predicted

on 38 24-hour cock basis.

R e s sty S

Note: Numbers at data points denote time of day

R S CO IR st K o gl oo it e e s RS O

R I

Inspection of Figure 6-9, the current vector plots
for tidal cycle 4, shows that 2 major discontinuity
occurs between the 2,310- and 2.410-foot clevations
during the first half of the cycle and between the
2,410- and 2,510-foot clevations during the entire
cycle. It is apparent from inspection of the response
curves that the current data have not been properly
modeled. This is not the fault of the program: rather,
it is duc to a lack of understanding of the nature of
the shears. The discrete data collected by the current
meters are used to construct a curreit profile by
lincar interpolation of the current data. 1t is clear that
when shear conditions arc present, the linear inter-
polation of the data docs not result in a valid
depiction of the actual current profile, and, thus, the
program docs not produce a valid depiction of the

. structure’s response.

Figures 6-20 through 6-23 show the response of
the structure during tidal cycles $ through 8, respec-
tively. The quality of the match between the mea-
surcd and predicted results is strongly related to the
presence or absence of shears in the current data. In
general terms. when shears are present. <he match
between measured and predicted resulis s of poor
quality. When the shear is absent, the march
mproves.

12

L t 1 1
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Figure 6-23. Displacement of node B dusing tidal cycle 8.

SUMMARY

To summarize the Results section, the SEACON
il data have shown threc important results. First,
cablc drag cocfficicnts nced to be precisely deter-
mined. This procedure should include tests of non-
strumming cables, analyses to detennine the
propensity of the cable to strum, and application of
appropriaw drag cocfficient amplification facton to
account for the increased drag if strumming is pre-
dicted. Second, to precisely predict the response of
cable structures in the ocean. it is recessary to pre-
cisely depict the current conditions. This means data
must be collected from very closely spaced currene
scnsors, or the occanic processes that ¢reate and
control shear conditions must be better understood.
In this way, current profiles that truly represent the
actual conditions <an be constructed. Third, the
DESADE program provides excellent predictions of
the response of comnplex structures in the occan when
correct drag coefficient data are used and the current
regime 18 without major shear lay ers,

These conclusions are hased on the examination
ot cight udal cveles spanming a penod o2 approw-
mateiy 8 days. These conclusions will be confirmed
by cxamining addional data taken dunng the
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SEACON N experiment for periods when the current
velocity exceeded 20 em/sec and sheor pheaomenon
was not strongly present. iIn addition, the DESADE
program will be modified to allow known tangential
drag effects to be included.

SECTION 4 — CONCLUSIONS AND
RECOMMENDATIONS

1. The computer program DESADE appears to be
capable of predicting the steady-state response of
complex, submerged cable systems if the drag coeffi-
cient for the cables and the current regime are
properly modeled.

2. A procedure for modal analysis/drag cocfficient
amplification factor should be incorporated into
DESADE so that cable strumming effects can auto-
matically be assessed.

3. A standard test procedure should be developed
that provides consistent and precise valucs for the
nonstrumming cable drag cocfficients used in
DESADE and other programs,
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Appendix A
ANALYSIS OF CORROSION OF SEACON 1) STRUCTURE

By James F. Jenkins

This analysis of the corrosion of the SEACON il

structure is based primarily upon visual observations

: of the structure made during its recovery on 12 May

= 1976. The analysis is presented in the order of item

: inspection, which roughly follows the order of item

; retrieval. The observations were made within one half

,' hour or less of the recovery of the item, unless other-
: wisc noted,

3 ,E VISUAL OBSERVATIONS

%
£
é
%
i
s;f

L

Crown Buoy

-

As shown in Figure A-1 the crown buoy was
covered with a heavy accumulation of marine fouling
organisms, but there was no blistering or pecling of
the paint coating. There was no rust where the paint
had been mechanically damaged. The zine anodes of
the cathodic protection system were nearly com-
pletcly consumed as shown in Figure A-2. These
anodes and others on the array consisted of a 1-1/4 x
3/16 x 16-inch mild stce! strap around which was cast
approximately 10 pounds of anode quality zinc con-
forming to MIL-A-18001G. The steel strap projected
approximately 2 inches from cither end of the anode
and was used to attach the anode to the structure
being protected. In some cases, such as on the crown
buoy, the anodes were sawn in half because a number
of smaller anodes were required to achieve cathodic

. coverage. Figure A-2 shows the steel strap with only a
very small amount of zinc remiaining. As the cathodic
protection system on the entire array was designed
for a 2-ycar lifc, it is cvidem that the design criteria
were appropriate for the protection of painted stecl
in shallow water.

camnr IR

%

-t

oy

Crown Wire

The jacket had been stripped from the l-inch-
diameter 3x24 construction galvanized  stec!

clectromechanical crown cable for approximately 25
feet just below the crown buoy during the recovery
procedure. The exposed strength wires had 2 dull grey
surface, but no rust. As the crown cable was being
retricved, 2 number of patches of marine growth were
noted on the wire jacket that had been exposed at
depths greater than 200 feet and more than 50 feet
above the bottom. A typical patch of growth on the
crown cable is shown in Figure A-3.

Crown Line Instrument Canister

As the crown line instrument canister was
retrieved, 2 gascharged white slurry was Jischaiged
from the lower end of the cable breakout (Figure
A-4). As shown in Figure A-S, the hydrophone and
bracket had scparated from the main canister. Some
portions of the bolts used to attach the hydrophone
vase to the canister were still present. They were not
severely corroded, but had been fractured. Since the
fractured surfaces were rusted, it is obvious the bolts
failed due to overload a considerable time prior to
rccovery. The zine anode on the hydrophone was
approximately threequarters consumed. Some
portions of the hydrophone assembly had been
clectrically isolated from the anode and were

corroded. However, no corrosion failures had
occurred.
Cump Anchor

From the discoloration of the surface of the
clump anchor, as shown in Figure A-6. 1t was cvident
that bottom sediments had piled up on one side of
the clump anchor as it was dragged forward during
mplant. There was no rust evident on the external
surfaces of the clump anchor. As shown in Figure
A-7, there was some blistering of the white top coat
on the clump anchor. Figure A-7 also shows the 7ine
anodes onr the clump anchor to be cssentially
unconsumed. These fullsize 11-pound zine anodes
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were desygned ro have a 3-year hfe. A closer inspec-
tion of these anodes showed that they had been
partially consumed, but that the products resulting
{rom the corrosion of the anodes had retained the
size and shape of the original anode. When, as shown
in Figure A-8, the loose coating was removed, the
anedes were found to be approximately one-third
consumed. This rate of consumption was somewhat
lower than expected, which indicates the design
parameters derived from nearsurface experience are
not directly applicable to deep water, at least in this
location. The external hardware on the clump anchor
that was electrically bonded to the cathodic pro-
tection system was uncorroded. The hardware that
was not electrically bonded to the cathodic protec-
tion system, such as the connection to the node buoy
cable, was corroded but not scverely deteriorated,
particularly when it had been hot-dip galvanized prior
to exposure. The portions of the system that were
inside the clump anchor were not inspected in detail,

E
#

A

Pra s

g
;
because the anchor could not be drained at this stage 5
of recovery. However, the inside was covered with E
black slime that had the odor of hydrogen sulfide z}ﬂ
(rotten eggs). There was considerable rusting of some &
interior components of the clump anchor. 5
Leg L3 E}
Leg L3, which consisted of 1/2-inch-diameter 4
3x19 construction galvanized and jacketed steel elec- ‘;;4
tromechanical cable, connected the clump anchor to g
node buoy 3. The jackeung on the leg was unbroken. ,,
As shown in Figure A-9, there were several arcas q
where marine organisms* were attached to the i
jacketing, %
Leg L3 Instrument Canister

Several portions of the instrument canister on leg

1.3 showed considerable corrosion, they were the
fasteners on the PVC swivel assembly, the hydro- ;

phone cage bolts, and the stainless steel hydrophone

boot clamp. These items were not electrically bonded
to the snce anode cathodic protection system. The .
portions of the assembly  that were  clectncally :
bonded to the cathodie protection system were not -
Figure A-3. Typical patch of marine growth corroded. The two small (1-pound) steel cone 7ine
on crown line. dise anodes were approximately one-half consumed. ]
3z
Z
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Figure A-10. Node buoy 3 with light marine fouling and blistcred outer paint coating.

Node Buoy 3

As shown in Figure A-10, there were some marine
organisms, urchins, and scallops on this buoy. The
top coat of paint was blistered, but the underlying
primer coat was not. The zinc anodes ncar the upper
bail on the buoy were approximately one-half con-
sumed. The termination canister at the buse of the
buoy was hot-dip galvanized and had a dark gray sur-
face. The anodes on this canister were approximately
one-quarter consumed. The electromechanical cable
ball joints a2nd terminations connected 10 the canister
evidently were not well-bonded clectrically to the
canister and, therefore, were rusted. This corrosion
was not severe, and it is possible that the terminations
reccived  partial or itermittent  protection. The
hydraphone cage attachment, which was clectrically
isolated from the cathodic protection system, showed
some superficial corrosion. The stainless steel hydro-
phone boot band showed cvidence of crevice
corrosion at the band bucklie, but it had not failed.

Delta Arm Cables

The delta arm cables between the three node
buoys were 1/2-inch-diameter 3x19  construction
galvanized and jacketed steel clectromechanical cable,
The jacketing on the cables was intact, and, as showsn
in Figure A-11, there were alse patches of fouling
organisms.

Delta Instrument Canisters

The instrument canisters located on the delta
arms between node buoys 1 and 3 and 2 and 3 were
similar in construction and condinon to the camister
on mooring leg 1.3,

Accelerometer and Tensiometer
The accelerometer and tensiometer in the delta

arm between aode buovs 1 and 2 were attached to
the delta ann cable with 4 preformed spiral grip
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Figure A-11. Matine fouling on onc of the delta cables.

fabricated from galvanized stecl. As with other similar
terminations, these terminations were covered with
patches of white corrosion products. However, no
rust was found on these or other similar terminations.

Nodc Buoys 1 and 2

These node buoys, the attached hardware, and
the cathodic protection system  were  essentially
identical to node buoy 3 in construction and condi-
tion. When the condition of the nine ball joints and
cable tcrminations at these three buovs was
compared, a wide variation in the amount of
corrosion was noted. This variation in performance
confirms the fact that there was only partial or
intermittent bonding of the terminations to the buoy
cathadic protection systen.

Anchor Legs

Anchor leg 1.2 from node buoy 2 1o its embed-
ment anchor was parted in an attempt to retrieve the

anchor. The 1/2-inch-diameter 3x19 construction gal-
vanized and jacketed steel wire rope was undamaged
and had a few patches of fouling organisms on the sur-
face of the jacket similar to those found on the other
cables in the array. The bitter end of the failed cable
showed bright cup and conc and shear failures, indica-
ting that it failed duc to overload. The surfaces of the
exposed wires were a uniform dark gray with no ovi-
dence of rusting.

Anchor leg 1.1 from node buoy 1 to its embed-
ment anchor was retrieved without parting. The
jacket had been stripped from the wire over a con-
siderable portion of its length. The wire had a
uniform dark gray color and exhibited no rusting.

Embedment Anchor Al

Embedment anchor A1 was connected to the log
wire with umacketed steel wire rope. The embedment
anchor launch vehicle was retneved with the anchor.
While this was not planned. 1t was fortunate because
theee was evidence that the launch sehicle had been
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partiaily embedded in the bottom sediments. This
information can be used to place an upper limit on
the tension in this leg. The unjacketed wire rope used
to connect the anchor fluke to the structure leg was
not significantly deteriorated. However, the presence
of scattered rust spots, such as those shown in Figure
A-12 where the wire had been at least partially
exposed to the seawater above the bottom sediments,
could be used to determine the approximate embed-
ment depth of the anchor fluke. This depth was
approximately 20 feet. The anchor fluke and steel
portions of the launch vehicle were not significantly
deteriorated. The aluminum safe-and-arm canister on
the launch vehicle was corroded, but it was lost
before a detailed examination could be made. The
interior of the safe-and-arm device was uncorroded.
This indicates that the canister was not flooded prior
to recovery.

Construction Mooring Buoy

5

o S0 T80 A, v i AN 16 o R RS B A sV e i

The 9-1/2-foot-diameter steel construction
mooring surface buoy was heavily encrusted with
fouling organisms. The buoy and attached hardware
showed deterioration typical of that experienced on
similar equipment exposcd for similar times in this
arca. No structural failures had occurred due to
corrosion.

2y
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Construction Mooring Line
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s :
The construction mooring linc was 3/4-nch- 3

diameter 3x19 construction galvanized and jacketed H

. steel wire rope  This line was undamaged and, unlike ¢

L] . . . » =
the other jacketed lines in the structure, did not have g

. any significant amounts of fouling attached to its E

{ surface. 2 3

g 4 j'qf ;
. o M

E Embedment Anchor for Mooring Buoy L
: ,? §
The cmbedment anchor for the mooring buoy ~ "h, g

was of the same construction and the same condition :

as embedment anchor AL, The launch vehicle was not Figure A-12. Scartered rust spots on down-haul :

recovered with this anchor. cable, indicates portion of cable n ;

water column, 3

H

g
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LABORATORY ANALYSIS

The only portions of the SEACON 1l structure
that were subjected to laboratory analysis to cvaluate
corrosion were those sections of the projector cables
which were recovered prior to the recovery of the
major portions ot the structure.

These 3/16-iach double-armored electro-
mechanical cables were severely deteriorated and had
parted duc to corrosion. Examination of the bitter
ends of both cables showed that there were many
armor wirces that had failed due to corrosion. Starting
2 inches from the bitter end, the corroded wires were
tapered from nearly their original size to a thin point
at the bitter end. Away from the bitter end of the
cable the wires showed some rust, but were not
significantly thinned. There were several portions of
the retrieval projector cables that showed cotroded
arcas similar to those found on the bitter end of the
cables. Electrical tests made after the cables were
disassembled showed insulation faults in the con-
ductor wires adjacent to the areas of accelerated
armor wire corrosion. Even small current lcakage
from these faults can accouns for and is probably the
cause of the projector cable failure.

CONCLUSIONS
1. The present criteria can be used for designing an
occan cable structure with a minimum 2-ycear life.

2. The present design criteria do not give precise
predicuion of the behavior of sacrificial  anode
svatems. Thus, optimam designs cannot be made.

3. Electnical fauhis can cause rapid deterioration of
cable structures,
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The underwater tension load cell, which is fabricated from componeats (sec Figure B-1), has a failsafc
collar and a replaccable tension link, utilizes an oil-filled pressure-balanced system, has the capability of
adapting to a cablc termination, and allows all electrical conductors to pass uninterrupted through the loac

Appendix B

UNDERWATER TENSION LOAD CELL

cell, The assembly of the tension load cell is as follows (sce Figure B-1):

ftems
1,2
3

The operation of the tension load cell is standard. The load is applied at the end termination (Items 1 and 2).
The tension link (3tem 4) is deformed, and the stress in the link (item 14) is measured. The fabrication

Description
End terminations; can be machined to fit any cable termination.

Failsafe collar; is installed arcund the unit. If the tension link breaks, the load is taken
up at the load bolts (Item 7).

Tension link itsclf; a holiow tube with strain gage instrumentation on the outer
surface. ‘e link is attached to cach of the end fittings (Items 1 and 2) with bolts
(1tem 14). The clectrical conductors pass through the end fitting (Item 2), into an end
plug {Item 6), through ltem 6, and through a watertight siip-on boot (ltem 17). The
tension link is surrounded by white mineral oil and is enclosed by a bladder (ltem
16). This allows the system to be pressurc-compensated,

End plug; fits into the end fitting (ftem 1). The clectrical conductors pass uninter-
rupted out of the clectromechanical cable, through the end plug (Item 5), through a
watertight slip-on boot (ltem 17), through the tension link tube (Item 4), through the

end plug (tiem 6), through a watertight slip-on boot (ftem 17), and back into the
clectromechanical cable.

material is steel for Items 1, 2, and 4; PVC for Items § and 6; and rubber for ltems 4 and 17,
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Univ Newfoundland (Chari). St Johns, Surveyor, Nenninger & Chenevert Inc... Warnock Hersey Prof. Srv Lud. La
Sale, Queber

CF BROWN CO Du Bouchet, Murray Hill. NJ

CHEVRON OIL FIELD RESEARCH CO. LA HABRA., CA (BROOKS)

COLUMBIA GULF TRANSMISSION CO. HOUSTON. TX(ENG. LIB.)

CANADA Defence and Civil Inst of Envir Medicine. Downsville, Ontari. int'l Underwater Contractors, Pointe Aux
Trembles, Quebec. Mem Univ of Newfoundland (Mar Sci Res Lab) St Johns, Newfoun

CONCRETE TECHNOLOGY TORP. TACOMA. WA (ANDERSON) .

DIHLINGHAM PRECAST F. McHale. Honolulu Hi

DRAVO CORP Prttsburgh PA (Giannino)

NORWAY DET NORSKE VERITAS (Library). Oslo

EVALUATION ASSOC. INC KINGOF PRUSSIA, PA(FEDELE)

EXXON PRODUCTION RESEARCH CO Houston TX (A. Budler Ir)

FRANCE Dr. Dutertie. Boulogne. P. Jensen. Bovlogne. Roger 1.aCroix. Paris

GEOTECHNICAL ENGINEERS INC. Winchester, MA (Paulding)

GLOBAL MARINE DEVELOPMENT NEWPORT BEACH. CA(HOLLETT)

GOULDINC. Shady Side MD (Ches. Inst. Dis.. W, Paul)

GRUMMAN AEROSPACE CORP. Bethpage NY (Tech. Info. Cir)

INT'L UNDERWATER CONTRACTORS Flushing, NY

ITALY M. Cairons, Milan, Sergio Tattons Milano

KOREA Korea Rach Inst. Ship & Ocean (B. Choi). Scoul

LAMONT-DOHERTY GEOLOGICAL OBSERV. Palisades NY (McCoy). Palisades NY (Selwyn)

LOCKHEED MISSILES & SPACE CO. INC. SUNNYVALE. CA(PHILLIPS)

LOCKHEED OCEAN LLABORATORY San Diego CA (F. Simpson)

MARATHON O1L. CO Houston TX(C. Seay)

MARINE CONCRETE STRUCTURES INC. MEFAIRIE. LA UNGRAHAM)

MO CLELLAND ENGINEERS INC Houston TX (B, McClelland)

MOBILE PIPE LINE CO. DALLAS. TX MGR OF ENGR(NOACK)

NEWPORT XEWS SHIPBLDG & DRYDOCK CO. Newpuort News VA (Tech. Lib.)

NORWAY A, Tosrum, Trondheim. DET NORSKE VERITAS (Roren) Oslo. J. Creed. Ski. J.D. Holvt, Oslo,

Norwegian Tech Univ (Brandt zacg). Trondheim

OCEAN DATA SYSTEMS. INC. SAN DIEGO, CA (SNODGRASS)

OCEAN ENGINEERS SAUSALITO, CA(RYNECKD

OCEAN RESOURCE ENG. INC. HOUSTON, TX (ANDERSON)

OFFSHORE DEVELOPMENT ENG. INC. BERKELEY, CA. Berkefes CA

PACIFIC MARINE TECHNOLOGY LONG BEACH. CA(WAGNER)

PORTLAND CEMENT ASSOC. Skokic 11 (Rwh & Dev Lab. Lib )

PRESCON CORP TOWSON. MD(KELLER)

PUERTO RICO Puerto Rico (Rach Lib ). Mayaquesz PR

RANDCORP. Sants Moniza CA (A Laupa)

CMC GeoTech Inet

SANDIA LABORATORIES Library D Linermore CA

SCHUPACK ASSOC SO. NORWALK. CT(SCHUPACK)

SEATECH CORP. MIAMI. FL(PEROND

¢ SHELL DEVELOPMENT CO. Houston TX(E. Dinies

SHELL O CO. HOUSTON, TX(BEA), HOUSTON, TX(MARSHALL Y Houston IX R, de Castongrene?

SWEDEN VBB (Labrary). Stockholm

TIDEWATER CONSTR. ( O Norfolh VA (Fowler)

MRWSYSTEMS CLEVELAND. OH(ENG. LIB 1. RFDONDO BEACH. CA (DAL

INITEDKINGDOM Cement & Concrete Asvex (Labwary ), Werham Springs, Slough, 1) New. G Maunscl A
Partaces, f.ondan, Shaw & Hatton(F. Hanvery, London, Tasker, Womdron Constr (0140, Southall, Middicses,
Taylor. Woodrow Conats 2Stubbey, Southali, Middicses, Uiy of Bostol (R, Moegans, Bristol '

UNHEDTECHNOLOGIES Windsor Lockhs T (Hemilton Sad D | 1 ibrary s

USGS MENLOPARK. CA(YOUIN

WESTINGHOUSE FLECTRIC CORP  Annapolie MD ((veani I Laib, Brvam)

WISS, JANNFY, FLSTNER, & ASSOC Northbeook, 1 (f Hanvom

WMCLAPP T ABS - BATTEL LS DUXRURY. MA THRARY ), DUXBURY. MAIRICHARIS)
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WOODWARD-CLYDE CONSULTANTS Dr. J. Gaffey. Orange CA. Oukland CA (A. Harngan), PLYMOUTH
MEETING PA (CROSS. 1)

AL SMOOTS Los Angeles, CA

BULLOCK La Cianada

GRFG PAGL EUGENE, OR
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